Kinematic Fabrication and Tribological
Engineering of a Lithic Milling System

for Soft Wheat Pastry Flour
Introduction to Artisan Lithic Milling Systems

The engineering of a hand-cranked lithic grain mill represents a complex, multidisciplinary
synthesis of mechanical kinematics, geological material science, and cereal chemistry. While
modern industrial roller mills dominate contemporary high-volume flour production, the
resurgence of artisan stone milling is driven by the precise thermomechanical control it offers,
particularly for specialized applications such as the production of ultra-fine pastry flour from soft
wheat varieties. The fabrication of a manual milling system requires a rigorous understanding of
human power output, rotational physics, and the intricate tribological interactions between the
lithic grinding surfaces and the friable wheat endosperm.

When designing a mill specifically for pastry flour, the mechanical and geological parameters
must be strictly optimized to achieve a highly specific particle size distribution—predominantly
below 90 pm—uwhile strictly minimizing mechanical starch damage'. Soft wheat varieties, which
are characterized by a fragmented, discontinuous protein matrix and inherently weak
starch-protein adhesion, require precise micro-shearing forces rather than extreme compressive
loads to yield optimal baking characteristics®. Excessive compressive trauma easily fragments
the native starch granules, leading to catastrophic rheological failures in delicate, chemically
leavened pastry batters®.

This comprehensive report exhaustively details the fabrication of a hand-cranked grain mill
utilizing locally sourced, premium granite from the Berlin-Brandenburg region. It systematically
evaluates the petrographic selection of the lithic mass, the exact kinematic architecture of the
drive and tentering mechanisms, and the intricate furrow and stitching dress patterns required to
process soft wheat into superior, undamaged pastry flour. Furthermore, it outlines the critical
occupational health and safety parameters mandated for the fabrication and maintenance of
silica-bearing lithic tools.

Geological Sourcing and Lithic Characterization in the
Berlin-Brandenburg Region

The selection of the millstone material dictates the abrasive efficiency, thermal conductivity, and
operational longevity of the entire milling system. A millstone must possess sufficient hardness
to resist rapid abrasion from the silica present in grain husks, while maintaining a microscopic
porosity that allows the surface to grip and shear the kernels effectively without glazing over’.
The geological landscape of Berlin and the surrounding Brandenburg region offers distinct and
highly suitable opportunities for sourcing premium lithic materials, primarily through regional
commercial quarries and the intelligent repurposing of glacial erratics.



Regional Lithic Sources: Lausitzer Granodiorite and Pleistocene

Erratics

In the broader Berlin-Brandenburg region, expert millwrights typically rely on two primary
sources for high-grade lithic materials: the commercial extraction of granitic rock from the
nearby Lausitz region, or the localized scavenging of glacial erratics (locally termed Findlinge)
scattered throughout the Brandenburg outwash plains and moraines®.

The Lausitzer Granit, strictly classified petrographically as a granodiorite, is a medium- to
coarse-grained plutonic rock widely available through regional stone suppliers operating vast
quarries in Demitz-Thumitz, Kamenz, and Bautzen®. It is renowned for its immense compressive
strength, frost resistance, and durability against chemical and mechanical degradation®.
Alternatively, the Brandenburg landscape is extraordinarily rich in massive glacial erratics
transported from the Scandinavian shield during the Pleistocene glaciations''. These erratics
frequently consist of Rapakivi granite—specifically structural varieties such as Pyterlit and
Wiborgit'®. These Scandinavian imports are characterized by large, ovoid alkali feldspar
phenocrysts embedded in a finer-grained quartz-mica matrix, providing an exceptional natural
texture for abrasive applications'®.

Regional Stone Geological Mineralogical Structural

Type Classification Composition Characteristics

Lausitzer Granit Granodiorite Plagioclase Medium to

(Kamenz/Demitz-Th feldspar, quartz, coarse-grained;

umitz) biotite mica, trace highly homogenous;
titanite'?. extreme mechanical

resistance’’.

Brandenburg Rapakivi Granite Orthoclase and Porphyritic texture;

Glacial Erratics (Wiborgit/Pyterlit) plagioclase large ovoid

(Findlinge) feldspar, quartz, phenocrysts;
biotite®. excellent natural

abrasive porosity'®.

Mineralogical Mechanics and Lithic Efficacy

The abrasive efficacy of a granite millstone relies entirely on its heterogeneous mineralogy. The
differential hardness of its constituent minerals creates a highly desirable self-sharpening effect
under continuous mechanical wear’. Quartz, ranking a 7.0 on the Mohs hardness scale,
provides the primary cutting edge and is highly resistant to abrasive wear, acting as the primary
agent that shears the wheat endosperm’. The feldspar components (Mohs 6.0) form the
structural matrix; because they wear slightly faster than the quartz, they continuously recede,
exposing new microscopic quartz cutting edges'®. Finally, the softer mica components, primarily
biotite (Mohs 2.5-3.0), wear away rapidly to create microscopic pits and voids'2. This induced



porosity allows the stone to grip the grain kernel effectively, preventing it from skidding across
the surface, while simultaneously providing microscopic channels to dissipate frictional heat’.
Prior to initiating the arduous process of cutting the millstone dress, the raw granite block must
undergo rigorous structural evaluation. A fracture and consistency test is mandatory. A sharp
strike with a mason's hammer must produce a uniform, ringing acoustic response across the
entire face of the stone, indicating a dense, continuous crystalline structure free of hidden voids,
micro-fissures, or soft internal weathering’. A stone that yields a dull thud indicates internal
compromise. Furthermore, the stone must not shatter unpredictably upon impact, as brittle
micro-fractures can introduce dangerous lithic grit into the milled flour’. For a hand-cranked
application intended for domestic or micro-artisan use, a stone diameter of 300 mm to 500 mm
is optimal, providing sufficient mass and grinding surface area without exceeding the torque
generation capabilities of a human operator’.

Kinematics and Mechanical Architecture of the Milling
System

The conversion of human biomechanical energy into rotational shear force requires a highly
efficient, precisely aligned drive mechanism. A hand-cranked mill must absolutely minimize
parasitic frictional losses in the drivetrain while maintaining unyielding parallel alignment
between the stationary bedstone and the rotating runner stone. Any deflection in the drive axis
will cause the stones to clash, instantly ruining the intricate dressing pattern and introducing
lethal stone dust into the flour supply.

Ergonomics, Torque, and Human Power Output

Human power output during continuous, sustained hand-cranking operations is biologically
limited. While a healthy adult can generate up to 75 Watts of power at a cadence of 50 to 60
revolutions per minute (RPM), maintaining this output requires highly optimized ergonomic
geometries to prevent rapid muscular fatigue and lactic acid accumulation?”. The primary
interface between the operator and the machine—the crank arm—must be dimensionally tuned
to the biomechanics of the human body.

The optimal crank arm length is a critical variable that dictates the mechanical
torque-to-cadence ratio. Research into human-powered agricultural machinery indicates that the
most metabolically efficient crank length for seated or standing arm-cranking operations is
approximately 0.45 times the operator's shoulder grip length (SGL)?%. A longer crank arm
increases the mechanical leverage, allowing the operator to generate more torque for a given
muscular force®*. However, this mechanical advantage comes at a severe physiological cost: a
longer crank arm substantially increases the circumference of the pedal circle, forcing a drop in
rotational velocity (RPM) for the same linear hand speed, and significantly increasing the range
of motion required at the shoulder and elbow joints.

To maintain an ideal milling speed of 50 to 60 RPM under a continuous mechanical load torque
of approximately 18 N-m (the typical resistance of a 400 mm runner stone processing wheat), a
crank length of 250 mm to 300 mm is generally specified for average adult operators®.
Furthermore, the crankshaft height should ideally be positioned at 0.9 times the operator's



elbow height (EH) to maximize force transmission while minimizing spinal strain®.

Biomechanical Variable Optimal Metric Physiological /
Mechanical Rationale

Crank Arm Length 0.45 x Shoulder Grip Length | Balances torque generation
(SGL) with maximum sustainable
RPM; prevents
overextension of the
glenohumeral joint?.

Crankshaft Height 0.9 x Elbow Height (EH) Optimizes leverage;
minimizes lower lumbar
strain during the push-pull
cycle of the cranking
motion?.

Target Cadence 50 - 60 RPM Maximizes continuous
metabolic efficiency
(aerobic threshold) while
providing sufficient
rotational velocity for the
millstones?.

Drive Shaft and Axial Bearing Assemblies

The central drive shaft is the mechanical heart of the mill. It must simultaneously support the
immense vertical axial load of the solid granite runner stone (often exceeding 50 kilograms)
while resisting the lateral radial forces generated by the asymmetric push-pull of the hand crank
and the uneven distribution of grain within the milling chamber®. An improperly supported shaft
will induce microscopic lateral runout (wobble), causing the stones to touch on one side while
gapping on the other, producing an unacceptably broad particle size distribution and massive
starch damage?’.

To counteract these multidirectional forces, the base of the main drive shaft must seat within a
heavy-duty axial thrust ball bearing, such as the precision components manufactured by SKF?.
Thrust ball bearings are engineered exclusively to accommodate high axial loads in a single
direction, effectively floating the entire gravitational mass of the runner stone on a nearly
frictionless steel raceway?®. Because thrust bearings cannot tolerate radial loads, the upper
section of the shaft—immediately below the bedstone—must be stabilized by industrial-grade
sealed radial ball bearings®. The implementation of dual, widely spaced sealed ball bearings
prevents shaft deflection entirely and represents a vast mechanical superiority over traditional
brass bushings, which rapidly wear and introduce play under lateral stress™°.

The drive shaft itself must utilize precision keyways to lock the rotational components together.



Steel keys mate the hand crank or flywheel to the shaft, lock the grain feed auger into rotation,
and secure the driving rynd (the metal crossbar embedded in the runner stone) to ensure zero
slippage during operation®’. The housing of the mill, which encompasses the bearings and the
static bedstone, is optimally constructed from a rigid hybrid of stainless steel (for food-contact
surfaces and bearing mounts) and solid hardwood (such as alder) to provide acoustic
dampening and aesthetic tradition®’.

The Micrometer Tentering Mechanism

The vertical distance between the runner stone and the bedstone—the milling gap—determines
the extraction rate, the shearing intensity, and the ultimate particle size of the flour. The
mechanical control of this gap is known historically and technically as "tentering"?’. For grinding
extremely fine pastry flour, targeting a particle size distribution below 90 um, the stones must be
brought into near-contact without actually touching, requiring a clearance often measuring mere
thousandths of an inch at the outer periphery®.

This necessitates a micro-adjustment mechanism. The tentering apparatus typically consists of
a fine-threaded steel rod (the tentering screw) that raises or lowers the heavy bridge tree
supporting the basal axial thrust bearing®. The pitch of this tentering screw must be exceedingly
fine to allow for sub-millimeter adjustments. A micrometer-style adjustment knob or knurled nut
is integrated into the screw, allowing the operator to translate broad rotational hand movements
into microscopic vertical shaft displacements®. This precision allows the miller to continuously
adapt the gap in real-time, instantly reacting to the thermal expansion of the granite stones
under friction, or adjusting for the specific hardness and moisture content of the incoming wheat
lot?’.

Lithic Topography and Dress Architecture

The grinding surfaces of the millstones are not flat; they feature a highly engineered,
asymmetric topography designed to draw whole grain from the central eye, systematically shear
it into progressively smaller particles, and eject fine flour aerodynamically at the periphery®®.
This topography is defined by the macro-concavity of the stones and the specific, mathematical

layout of the furrows and lands, collectively known as the "dress".

Macro-Geometry: Swallow, Bosom, and Skirt

The stationary lower stone (the bedstone) is typically dressed perfectly flat, while the rotating
upper stone (the runner) is carved with a slight, continuous concavity radiating from the center*.
This spatial geometry is divided into three distinct functional zones:

1. The Swallow (Eye): The central aperture where the raw grain enters the system. The gap
between the stones here is the largest (approximately 3 to 4 mm), allowing whole kernels
of soft wheat to easily enter the grinding zone without immediate crushing®.

2. The Bosom (Waist): The intermediate radial zone where the concavity gradually
decreases. Here, the primary breaking, cracking, and coarse reduction of the grain occur,
heavily relying on the deep furrows*’.

3. The Skirt: The outermost 10 to 15 centimeters of the millstone's radius. In this zone, the
surfaces of the bedstone and runner stone are perfectly parallel and nearly touching®.



The skirt is entirely responsible for the final reduction of the endosperm into micro-fine
flour, utilizing intense localized shear forces*’.

Furrow Configuration: The Quarter Dress (Harp Pattern)
To transport the grain centrifugally outward, ventilate the stones to dissipate heat, and facilitate
the primary shearing action, a complex pattern of deep grooves—termed furrows—is carved into
the stones®. For fine wheat milling on granite, the most efficient configuration is the Quarter
Dress, commonly referred to as the Harp Pattern due to its visual similarity to the strings of a
harp?.
The circular face of the stone is divided into equal geometric segments, or "quarters."
Depending on the diameter of the granite block, a standard millstone may contain 8, 10, or 12
such segments?®. Each individual harp consists of a primary furrow and several subordinate,
parallel secondary furrows.

e The Master Furrow: The longest and deepest furrow in the harp, running continuously

from the edge of the central swallow directly to the outer perimeter of the skirt*.
e The Journeyman, Apprentice, and Butterfly Furrows: Progressively shorter, parallel
furrows that branch off the trailing edge of the Master furrow, all terminating at the skirt*°.

The critical engineering parameter of the Quarter Dress is the draft angle. The Master furrows
do not radiate directly from the exact geometric center axis of the stone; rather, they are drawn
tangentially from an imaginary circle surrounding the eye, known as the "draft circle"**. This
eccentric alignment ensures that as the runner stone rotates, the furrows on the upper and
lower stones cross each other at an acute, continuously shifting angle. This creates a relentless,
outward-driving scissoring action that shears the grain rather than merely crushing it*.
The cross-sectional profile of each furrow is distinctly asymmetrical. It drops sharply, at a near
90-degree angle, into the stone on the trailing edge (the back edge) to a depth of roughly 6.4 to
19.1 mm>®. From the bottom of this deep cut, the floor of the furrow tapers smoothly and
continuously upward toward the leading edge, terminating precisely at the level of the flat
grinding surface (the land)*®. This tapered incline is known as the "feather edge"*’. As the grain
is caught in the deep back edge of a furrow, the rotational movement of the runner stone forces
the particles up the shallow incline of the feather edge, wedging them tightly into the
microscopic gap between the lands, where they are sheared open?.

Furrow Component Geometric Profile Primary Function in
Milling
Master Furrow Deepest cut; tangential to Primary transport of whole
draft circle®. grain from the eye to the

skirt; primary ventilation
channel for cooling®.

Feather Edge Gradual, unilateral taper Wedges grain particles



from the furrow depth to the upward into the high-shear

land*°. zone between the lands;
facilitates the scissoring
action?®.
Draft Angle Eccentric offset from the Dictates the crossing angle
true radial center®’. of the upper and lower

furrows, ensuring outward
centrifugal transport®.

Micro-Topography: Stitching and Cracking for Pastry Flour

The flat areas of the stone located between the furrows are called the "lands"*. While the
furrows handle grain transport, heat dissipation, and initial cracking, the lands are solely
responsible for the ultimate fineness of the flour*?. If the lands are left perfectly smooth, the
granite will act as a blunt press, crushing the grain rather than shearing it, which generates
massive frictional heat and causes catastrophic starch damage®.

To successfully mill fine pastry flour, the lands must be dressed with an intricate, highly dense
network of parallel micro-grooves known as "cracking" or "stitching"*®. Using a specialized
hardened steel mill bill, or in modern contexts, a high-precision diamond-impregnated grinding
wheel held on edge*?, the millwright painstakingly cuts minute, parallel lines into the lands.
These lines are oriented perfectly parallel to the adjacent Master furrow within that specific
quarter*®.

For the production of standard bread flours or coarse meals, a dressing density of 3 to 6 cracks
per inch is generally sufficient®®. However, the production of ultra-fine pastry flour from soft
wheat requires extreme shear density to reduce the particle size rapidly. An expert stone
dresser fabricating a mill for this purpose must cut between 16 and 30 cracks per inch across
the entire surface of the lands*®. This microscopic corrugation acts as thousands of tiny cutting
blades. When the highly stitched lands of the runner and bedstone pass over one another at the
skirt, they slice the friable soft wheat endosperm into microscopic particles well below 90 um,
achieving exceptional fineness without requiring immense, heat-generating compressive
downforce®.

Static Balancing of the Granite Runner Stone

A granite runner stone, weighing upwards of 20 to 50 kilograms even in a hand-cranked
application, must be perfectly balanced to ensure dynamic stability. Granite is a naturally
occurring geological formation and inherently possesses localized variations in density due to
uneven mineral distribution'. If the true center of mass does not align perfectly with the
mechanical axis of rotation, the stone will experience severe dynamic runout (wobbling) at
operational speeds®*’. This wobble causes the stones to clash destructively on one side while
leaving a wide, ineffective gap on the other, ruining the flour consistency, destroying the delicate
feather edges, and rapidly degrading the drive shaft bearings.

Prior to final installation, the runner stone must undergo rigorous static balancing®’. The finished



stone is placed on a freely rotating, frictionless arbor or a set of static balancing ways*’. Gravity
will inevitably cause the heaviest radial sector of the stone to settle at the lowest point*’. To
counteract this mass asymmetry, millwrights carve small, concealed pockets into the top,
non-grinding surface of the runner stone on the lighter side*’. Dense weights—historically
molten lead, but currently non-toxic dense steel or tungsten—are progressively added to these
pockets until the stone achieves absolute equilibrium, resting completely motionless at any
rotational position on the arbor*'. Only a perfectly balanced stone can achieve the microscopic
tentering tolerances required for fine pastry flour.

Thermomechanical Milling Dynamics and Cereal
Chemistry

Milling is fundamentally a harsh thermomechanical process. The mechanical kinetic energy
applied by the lithic surfaces physically alters the biochemical functionality of the wheat
endosperm. When targeting fine pastry flour, understanding the intricate interplay between the
inherent mechanical properties of soft wheat, the generation of damaged starch, and the
temperature of the milling environment is paramount for success.

Soft Wheat Characteristics and the Particle Size Index (PSI)

Wheat is broadly classified by the genetic hardness of its endosperm, which dictates its milling
behavior, particle size distribution (PSD), and ultimate culinary application’. Hard wheats (such
as Hard Red Winter or Durum) possess a continuous, dense protein matrix that exhibits strong
physical adhesion to the embedded starch granules®. This renders the kernel tough and highly
resistant to fracturing, requiring immense compressive energy to mill and naturally yielding
coarser flour particles. Conversely, soft wheat features a highly discontinuous protein matrix
with exceedingly weak starch-protein adhesion, resulting in a friable, crumbly endosperm
texture®.

This physical friability is quantitatively measured using the Particle Size Index (PSI), an
analytical standard (AACC Method 55-30) that determines the relative hardness of wheat
classes by measuring their physical resistance to a standardized crushing and sieving force'.
Soft wheats readily shatter into fine, floury particles under minimal shear, yielding high PSI
values ranging from 26.0% (Soft) to over 35.0% (Extra Soft)*®. Hard wheats, which resist
shattering, display very low PSI values (typically 7.0% to 16.0%).

Because the soft wheat endosperm crumbles so effortlessly, it naturally produces a remarkably
high proportion of fine particles during the initial break and reduction phases*. When processing
pastry flour, the objective is to reduce the vast majority of the flour mass to a particle size (D90)
below the critical 90 um threshold’. Finer particle sizes drastically increase the specific surface
area of the flour. In cake and pastry applications, this massive surface area is strictly required to
ensure rapid, homogeneous hydration of the flour in high-sugar environments, and to stabilize
the delicate air-matrix structure within chemically leavened batters during baking”.

Wheat Particle Size Protein Endosperm Target



Classification

Extra Soft
Wheat

Medium Soft
Wheat

Hard Wheat

Index (PSI)

> 35.0%

21.0% - 30.0%

<16.0%

Content

7.0% - 8.5%

8.5% - 10.5%

11.5% -
14.0%+

Matrix

Discontinuous,
friable, weak
starch
adhesion®.

Semi-friable*®.

Continuous,
dense,
extreme starch
adhesion®.

Application

Ultra-fine
pastry, delicate
cakes, tender
cookies*®.

Crackers,
doughnuts,
all-purpose
blends*®.

Hearth breads,
artisan
sourdough,
strong
doughs*®.

The Mechanics and Rheological Catastrophe of Starch Damage

While achieving a micro-fine particle size is structurally necessary for pastry, the mechanical
action used to achieve it invariably inflicts physical trauma on the individual starch granules, a
phenomenon known in cereal chemistry as starch damage’. In the intact endosperm, starch
granules are highly ordered, crystalline supramolecular structures composed of amylose and
amylopectin®®. Intact granules absorb water relatively poorly, taking up only roughly 30% to 40%
of their own weight during dough hydration®. When the granite millstones subject these granules
to excessive compressive forces—particularly if the stones are set too tightly or lack sufficient
stitching—the crystalline structure physically fractures, exposing the highly hydrophilic
amorphous regions of the starch molecule®.
Damaged starch behaves radically differently than native starch. A mechanically damaged
granule acts like a microscopic sponge, capable of absorbing 200% to 300% of its own weight in
water®. Furthermore, the physical fissures in the granule render the starch highly susceptible to
aggressive enzymatic degradation by endogenous a-amylase, which rapidly hydrolyzes the
damaged starch into fermentable sugars like maltose and glucose®.
For hard wheat applications like artisan bread, a moderate level of starch damage (typically
6.0% to 12.0%) is highly desirable; it drives water absorption to create stiff doughs and provides
the massive surge of fermentable sugars required to sustain intense yeast activity for high loaf

volume®.

However, for pastry flour, excessive starch damage is an absolute rheological catastrophe. If the
starch absorbs too much water, the delicate pastry batter becomes highly viscous, sticky, and
gummy*®. This hyper-hydration prevents the proper volumetric expansion of the cake during the

baking phase, resulting in a dense, heavy, and collapsed crumb structure®. Therefore, premium



pastry flours must be strictly controlled to maintain starch damage levels between a mere 1.0%
and 4.0%°.

Starch damage is quantified using highly specific analytical protocols, such as the AACC
International Official Method 76-31.01 (enzymatic hydrolysis followed by spectrophotometry) or
the automated Chopin SDmatic test, which utilizes an amperometric method based on the
affinity of damaged starch to bind with iodine®.

Optimization via Hand-Cranking and Stitch Density

Stone mills, due to the extended dwell time of the flour between the massive stones and the
intense friction generated at the wide skirt, are historically notorious for producing higher
baseline levels of damaged starch (often 6% to 9% or higher) compared to modern industrial
roller mills®>. Therefore, to successfully mill flawless pastry flour using a granite mill, the
millwright must engineer the entire system to actively mitigate mechanical starch damage. The
fabrication parameters outlined in previous sections directly address this critical challenge.

1. Low Velocity (RPM) and Thermal Control: Starch damage and thermal degradation
increase exponentially with rotational velocity. High-speed commercial impact mills and
electric stone mills operate at hundreds or thousands of RPM, frequently elevating
internal flour temperatures beyond 60°C. This excessive heat causes protein
denaturation, lipid oxidation (which destroys shelf life), and massive starch
fragmentation®. A hand-cranked mill, constrained by human biomechanics, operates
continuously at a highly optimal 50 to 60 RPM?%. This extremely low surface speed
generates minimal frictional heat; flour exiting a well-designed manual mill rarely exceeds
38°C (100°F)*". The low velocity ensures that the shear forces applied to the endosperm
remain within the elastic limits of the starch granules, drastically reducing the percentage
of damaged starch while perfectly preserving the volatile aromatics and heat-sensitive
vitamins present in the germ®'.

2. High-Density Stitching: By dressing the lands of the Berlin granite with an extreme
density of 16 to 30 cracks per inch, the mill utilizes intense, highly localized shear forces
(a microscopic slicing action) rather than blunt, flat compressive force (crushing) to reduce
the particle size®®. The inherently friable soft wheat easily cleaves along these
micro-shear planes. This allows the mill to achieve the critical <90 um particle size without
subjecting the individual starch granules to the severe compressive trauma that induces
fracturing and high SDmatic values®.

3. Optimal Tentering and Pre-Conditioning: The micrometer tentering mechanism allows
the operator to maintain a precise gap. If the stones are allowed to rub directly against
one another under heavy pressure (a "tight" grind), the resulting friction will scorch the
flour and utterly destroy the starch integrity?’. The gap must be maintained exactly at the
dimensional threshold of the target particle size. Furthermore, controlling the moisture
content of the incoming wheat (conditioning) is vital; wetter grain exhibits higher plasticity,
which cushions the starch granules during milling and inherently produces less starch
damage for a given mill setting®.



Milling Variable

Rotational Speed (RPM)

Stone Topography

Grain Hardness

Roller/Stone Gap

Impact on Starch Damage
(SD)

High speeds increase
impact forces, friction, heat,
and SD?.

Smooth lands crush grain,
massive increase in SD*°.

Hard wheat shatters poorly,
resisting the mill and driving
up SD*.

Narrow, grinding contact
maximizes pressure and
SD52

Optimization for Pastry
Flour

Hand-crank constraint
(50-60 RPM) inherently
protects starch integrity and
limits thermal load??.

Extreme stitch density
(16-30 cracks/inch)
promotes clean shearing,
minimizing compressive
trauma®®.

Soft wheat (PSI > 35%)
yields easily, generating fine
particles with minimal
structural damage*®.

Micrometer tentering
maintains precise
clearance, avoiding direct
stone-on-stone friction®*.

Occupational Health, Safety, and Lithic Maintenance

The fabrication, dressing, and continuous operation of a lithic grain mill introduce highly specific
occupational hazards that must be managed through rigorous industrial safety protocols and
uncompromising routine maintenance schedules. The primary hazard originates not from the

grain, but from the geological nature of the stones themselves.

Respirable Crystalline Silica (RCS) Mitigation
The most acute, life-threatening hazard in the fabrication and maintenance of granite millstones
is the generation and aerosolization of Respirable Crystalline Silica (RCS)°". Both Lausitzer

Granit and Rapakivi Granit contain massive concentrations of crystalline quartz'>. When the
millwright utilizes high-speed angle grinders equipped with diamond cutoff wheels to shape the
stone and cut the initial deep master furrows of the quarter dress, or strikes the stone with a
hardened steel mill bill to cut the fine stitching on the lands, millions of microscopic silica
particles are violently aerosolized directly into the operator's breathing zone*.

Prolonged inhalation of RCS particles smaller than 4 ym—uwhich are capable of penetrating
deep into the alveolar gas-exchange regions of the lungs—causes silicosis, an incurable,
progressively disabling fibrotic lung disease, and is a globally recognized Class 1 carcinogen®’.
In Germany, occupational exposure to fine mineral dust is strictly and aggressively regulated by



the Technical Rules for Hazardous Substances, specifically TRGS 900°*.

The TRGS 900 establishes rigid, legally binding occupational exposure limits
(Arbeitsplatzgrenzwerte - AGW). For the general alveolar fraction of dust (A-Staub), the
maximum permissible exposure is limited to a mere 1.25 mg/m?3, measured as a time-weighted
Schichtmittelwert (shift average) over an eight-hour working day®*. The inhalable fraction
(E-Staub) is limited to 10 mg/m3®*. Furthermore, for highly toxic, specifically fibrogenic and
carcinogenic dusts like quartz fine dust (Quarzfeinstaub / Cristobalite), the regulations are
exponentially stricter, enforcing limits as low as 0.05 mg/m3®*.

TRGS 900 Dust
Classification

A-Staub (Alveolar)

E-Staub

(Einatembar)

Quarzfeinstaub
(RCS)

Definition
(AGW)

Micro-particles
capable of deep
lung penetration®.

Larger inhalable
fraction trapped in
upper airways®.

Crystalline
silica/quartz fine
dust®.

Exposure Limit

1.25 mg/m3%.

10.0 mg/m3*.

0.05 mg/m3*,

Health Implication

Accumulates in
alveoli, causing
reduced lung
capacity®.

Irritation of the
mucosal
membranes®’.

Direct cause of
silicosis and lung
cancer®’.

To maintain absolute legal compliance and protect respiratory health during the stone fabrication
and dressing process, the complete elimination of uncontrolled dry cutting is mandatory®®. The
millwright must employ highly active dust suppression systems. This includes continuous
water-feed directly on all diamond grinding tools to bind the silica dust into a heavy,
non-aerosolized slurry, coupled immediately with high-velocity local exhaust ventilation
(Quellenabsaugung) capturing particulate at the point of origin®*. Furthermore, the use of P3 or
N95/P100 half-mask particulate respirators is non-negotiable and strictly enforced during all
abrasive shaping operations'?. Modern fabrication facilities also employ real-time continuous
dust monitoring systems, such as Dustlight sensors, which trigger visual alarms if the 1.25
mg/m? A-Staub threshold is approached, allowing workers to evacuate or increase ventilation
before legal limits are breached®’.

Dressing Intervals and Ongoing Lithic Maintenance

The intense friction of milling grain, while generating flour, will inevitably dull the sharp,
perpendicular edges of the master furrows and gradually wear away the fine, delicate stitching
on the lands. As the micro-cutting edges of the quartz dull and the softer mica is abraded away,
the shear capacity of the mill plummets. The stones lose their ability to slice the grain and revert



to a crushing action. This results in a massive spike in frictional heat, skyrocketing starch
damage values, and a drastic reduction in flour throughput®.

Consequently, a heavily utilized set of granite millstones requires complete, manual redressing
after approximately 200 to 500 hours of active milling. For a dedicated, hand-cranked artisan
operation, this generally equates to required maintenance once or twice a year®.

The maintenance process is highly labor-intensive. It requires the physical removal of the
massive runner stone using a specialized timber crane or metal bail system integrated into the
mill housing®’. The stones are meticulously scrubbed clean of all biological residue and flour
dust. The millwright then employs a precision steel straightedge (a paint staff) coated with a
marking compound—traditionally red raddle, iron oxide, or an aniline dye—and sweeps it across
the face of the stone*’. The dye transfers to any high spots on the lands. The millwright carefully
grinds down these high spots until the stone is perfectly level. Following this, the draft lines of
the quarter dress are deepened to restore the vital feather edge, and the critical 16 to 30 cracks
per inch are meticulously recut into the lands to fully restore the optimal shearing topography
necessary for fine pastry flour production®®.
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