Comprehensive Textual Blueprints and
Engineering Analysis for a
Hand-Cranked Centrifugal Cream

Separator
Introduction to Centrifugal Separation Kinetics and
Emulsion Physics

The extraction of milk fat from raw whole milk represents a fundamental operation in dairy
processing, traditionally governed by the density differential between the dispersed lipid phase
and the continuous aqueous phase. Raw milk is a complex biological emulsion containing
microscopic milk fat globules (MFGs) suspended in a serum matrix. Due to the lower density of

—~ 3
milk fat (P/ 7~ 915 kg/m

pp ~ 1,033 kg/m3 ), these fat globules exhibit a natural buoyancy, gradually rising to the
surface under the influence of gravity'.

Historically, this process was facilitated by gravity settling in shallow or deep pans, requiring
upwards of 24 hours to yield a distinct cream line. This method presented severe
microbiological risks and highly inefficient fat recovery rates, often leaving significant residual
butterfat in the skim fraction®. The invention of the continuous centrifugal cream separator by

) compared to the skim milk continuous phase (

Gustaf de Laval in 1878 revolutionized this process, replacing gravitational acceleration (19 )
with extreme centrifugal force, thereby accelerating the separation kinetics by thousands of
orders of magnitude and allowing continuous, rather than batch, processing®.

The physical mechanism dictating the migration of a spherical particle through a viscous fluid is
mathematically defined by Stokes' Law. In a strictly gravitational field, the terminal rising

velocity (vt ) of a fat globule is expressed as:
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Where d is the particle diameter, Pp is the density of the continuous phase, Ps is the density

of the fat globule, 9is gravitational acceleration, and H is the dynamic viscosity of the fluid®.
Under the high-speed rotational conditions of a centrifugal separator, the gravitational
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constant 9 is replaced by the centripetal acceleration field wr , transforming the equation

into:

d*(py — pg)w’r
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Where ¢ represents the angular velocity of the centrifuge bowl in radians per second, and r

is the radial distance of the particle from the axis of rotation'. Because the terminal velocity
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scales with the square of the particle diameter (™ ), larger fat globules separate exponentially

faster than smaller ones. Typical bovine milk fat globules exhibit a volume mean diameter
ranging from 3.13 pm to 4.2 pm , though the absolute size distribution spans from 0.1 pm

to 15 Ky Globules smaller than 1 pm often resist separation and remain in the skim milk
fraction, which is why homogenized milk—where globules are mechanically reduced to

approximately 0.5 pm —cannot be effectively separated, as the terminal velocity drops by a
factor of 64/,

Stokes' law assumes that the fluid regime is strictly laminar, requiring a Reynolds number (Re )

of less than 0.1". To optimize this laminar separation, the raw milk is typically pre-heated.
Elevating the temperature of the milk from a refrigerated state of 4°C to an optimal processing

temperature of 40°C to 55°C effectively halves the dynamic viscosity (;L ) of the serum’.
According to the inverse proportionality in Stokes' equation, halving the viscosity doubles the
separation velocity, while simultaneously ensuring the milk fat is in a fully liquid state,
maximizing the density differential between the phases'.

Geometric Architecture of the Conical Disc Stack

The core of a modern centrifugal separator is not merely a hollow spinning drum, but a highly
engineered internal structure known as the disc stack. The inclusion of conical discs
fundamentally alters the fluid dynamics within the separation chamber, maximizing the
equivalent settling area while minimizing the distance any individual fat globule must traverse to
be separated from the continuous phase®. Without this internal geometry, the liquid would
rotate as a single solid body, leading to extreme turbulence and rendering fine separation
impossible.

Flow Path and Distribution Dynamics

To achieve optimal separation at 6,000 RPM, the disc stack is composed of a tightly nested
array of 60 to 120 conical stainless-steel plates®. Raw milk is introduced into the rapidly spinning
bowl via a stationary central feed tube, passing into a rotating distributor at the base of the



bowl. The distributor serves to gently accelerate the milk to the rotational velocity of the bowl,
mitigating brutal hydrodynamic shear forces".

Once accelerated, the milk flows upward through vertically aligned distribution holes stamped
into the conical discs. The radial location of these distribution holes defines the "neutral zone,"
the precise geometric boundary where the incoming whole milk splits into the heavy and light
phases'®. Upon entering the narrow channels between the discs, the fluid is instantly subjected

4,0009 and 12,0004 depending

to a massive centrifugal force, typically ranging between
on the specific radius and rotational velocity'.
The physical parameters of the conical discs govern the fluid mechanics of the separation

channels. The discs are inclined at a half-cone angle (8) of 45° to 60° relative to the horizontal
plane?. This steep angle is mathematically optimized to allow the heavier skim milk phase to
slide radially outward along the underside of the upper disc. Conversely, the lighter cream
phase moves radially inward along the upper surface of the lower disc".

Disc Stack Parameter Design Specification Operational Rationale
Range
. 60 - 120 plates Maximizes total equivalent
Number of Discs (* ) clarification area within the

bowl's vertical footprint.

i) 45° - 60° Ensures continuous
Half-Cone Angle () centrifugal sliding of solid
particulates and heavy
phases, preventing channel
occlusion.

Separation Gap 0.4 mm-2.0 mm Establishes a strict laminar

Re < 0.1

flow regime ( )
to prevent turbulent
remixing of the separated
fluid phases.

Distribution Holes 4 - 8 holes per disc Facilitates uniform fluid
entry into the separation
channels; defines the
hydrostatic neutral zone.

Rotational Velocity 6,000 - 10,000 RPM Generates the necessary



relative centrifugal force (
4,000g _12,000g

override fluid viscosity.

Table 1: Geometric specifications for the conical disc stack architecture.

[cite: 1, 2, 15, 20, 21]

The gap between adjacent discs is strictly maintained between 0.4 mm and 2.0 mm using
raised metallic spacers known as caulks, which are often spot-welded directly onto the surface
of the discs? This microscopic clearance forces the milk into extremely thin lamellar layers.
Because the absolute distance a fat globule must travel to reach the cream boundary layer is
reduced to fractions of a millimeter, the separation is achieved in mere seconds rather than
hours?.

Ambler's Sigma Value (E) and Scale-Up Equivalence

The theoretical separation capacity of a disc stack centrifuge is quantified using the 2 (Sigma)
value, formulated by Charles M. Ambler in 1959. The Sigma value represents the equivalent
cross-sectional area of a theoretical gravity settling tank required to achieve the identical

. . . 1 o )
separation capacity as the centrifuge under a standard 9 gravitational field®.

For a disc stack centrifuge, the mathematical derivation of % is expressed as:
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x
3gtand

N . : : o .
Where is the total number of spaces between the discs, “is the angular velocity in radians
r T; . .. . L .
per second, “% and "' are the outer and inner radii of the conical discs in meters, 9 isthe
. . 0.
acceleration of gravity,and ~ is the half-cone angle’.

The feed flow rate (Q ) passing through the separator is inextricably linked to the Sigma value.
To maintain consistent separation efficiency when scaling up from a laboratory model to an

industrial unit, the ratio Q/E must remain constant®. Operating a 6,000 RPM manual
separator requires precise control of the input flow. This is achieved via a specialized float valve
situated in the regulating chamber above the bowl system?. The float rises with the milk level

Q

and cuts off the inflow from the supply vat if the level gets too high, guaranteeing that does



not exceed the volumetric clearing capacity of the % area. Overfeeding the machine
drastically reduces residence time, resulting in high residual fat loss in the skim milk?’.
Microstructural Shear and Milk Fat Globule Membrane (MFGM)
Integrity

While centrifugal force is highly efficient at fractionating the emulsion, the extreme rotational
velocities generate intense hydrodynamic shear stresses. Milk fat globules are naturally
encapsulated by the Milk Fat Globule Membrane (MFGM), a highly complex trilayer structure
composed of phospholipids, sphingomyelin, cholesterol, and specific membrane proteins'®.
This membrane acts as a protective barrier, preventing the globules from coalescing and
protecting the triglyceride core from enzymatic degradation®.

As the milk accelerates from a stationary feed pipe into the 6,000 RPM distributor and is forced
through the 0.4 mm inter-disc gaps, it experiences a high Energy Dissipation Rate (EDR)". The
resulting shear forces can induce severe mechanical disruption of the MFGM?*°. Microscopic
studies reveal that shear stress exceeding critical thresholds causes the membrane to rupture,
leading to the dissociation of up to 24% of polar lipids into the aqueous serum*®.

This partial, unintended homogenization exposes the triglyceride core of the globule to
endogenous lipases present in the serum, predisposing the resultant cream to rapid enzymatic
lipolysis and the development of hydrolytic rancidity, characterized by soapy or bitter
off-flavors'®. Furthermore, the introduction of air into an open-bowl separator causes severe
foaming, which presses liquid fat out of the globules and disintegrates the membrane further'.
Therefore, the entry geometry of the distributor must be precisely contoured to minimize
abrupt acceleration shocks, ensuring that the fluid velocity smoothly matches the tip velocity
of the inner disc radius, thereby minimizing the slip velocity and mitigating localized shear
spikes'%.

Kinematic Transmission: The Hand-Cranked Worm
Gear Assembly

Operating a centrifugal separator independent of electrical infrastructure requires a highly
optimized kinematic transmission system capable of converting the low-speed, high-torque
input of a human operator into the extreme angular velocities required by the bowl spindle. To
achieve a bowl speed of 6,000 RPM from a standard, sustainable manual crank speed of 60
RPM, the mechanical gear train must execute an exact 100:1 step-up ratio®. Manual crank arms
on these devices frequently incorporate an auditory feedback mechanism—such as a small bell
or dropping ball—that strikes an end cap if the operator's cranking speed falls below the
required 60 RPM threshold, ensuring consistent centrifugal force is maintained™.

Multi-Stage Step-Up Gearing Architecture
Standard single-stage helical or spur gears are incapable of achieving a 100:1 ratio within the
compact spatial constraints of a manual separator casing. Consequently, a two-stage
compound gear train utilizing a specialized worm gear mechanism is employed™”.

1. Primary Stage (Spur Gearing): The hand crank directly drives a large-diameter spur



gear, which meshes with a smaller pinion gear on a horizontal intermediate shaft. A
typical ratio for this primary stage is 10:1. Thus, cranking at 60 RPM rotates the
intermediate shaft at 4§00 RPM**,
2. Secondary Stage (Worm Gearing): The intermediate shaft holds a bronze worm wheel,

which meshes with a steel worm machined directly into the vertical spindle supporting
the separator bowl. To achieve the final 6,000 RPM, this stage requires another 10:1
step-up ratio, effectively turning horizontal rotation into vertical rotation.

The utilization of a worm gear in a step-up configuration (where the worm wheel acts as the

driver and the worm as the driven gear) introduces profound tribological complexities.

Historically, worm gears are utilized almost exclusively as high-ratio reduction drives (ranging

from 5:1 to 100:1) where the worm drives the wheel to produce massive torque at low speeds*°.

When the power flow is reversed to step up the speed, the system risks catastrophic

mechanical self-locking®’.

Lead Angle, Efficiency, and the Avoidance of Self-Locking

In worm gear kinematics, the interaction between the wheel and the worm is predominantly
characterized by sliding friction rather than rolling contact®*. According to standard DIN 3996

calculation methods for worm gear drives, the efficiency (77 ) of the mesh is highly dependent

on the lead angle (PY ) of the worm, the normal pressure angle (a” ), and the dynamic

coefficient of friction ().
When the worm wheel drives the worm (the step-up configuration), the meshing efficiency

equation is fundamentally altered to account for the reversed power flow:

, cos o, — ptanvy
']‘7 =

Ccos &, + pcoty

Alternatively, the self-locking threshold can be evaluated by comparing the lead angle (7 ) to
the friction angle (‘0 = arctan /i ). If the lead angle is less than or equal to the friction angle (

TSP ), the gear set becomes statically self-locking. In this state, no amount of torque
applied to the worm wheel will cause the worm to rotate; the energy is entirely consumed by
sliding friction, binding the transmission®. Typical reduction worm gears with lead angles below
5° are inherently self-locking®.

To overcome this absolute mechanical barrier and permit step-up operation, the worm on the
vertical spindle must be designed with a highly aggressive, multi-start geometry. By utilizing a

4-start, 6-start, or even 8-start worm design, the lead angle (7 ) is drastically increased
beyond 15° to 25°, moving the kinematic geometry safely out of the self-locking regime®. This
multi-start configuration guarantees back-drivability and step-up capability, resulting in an



estimated meshing efficiency of 75% to 85%, provided the mesh is flooded with high-quality

ISO 68 gear oil to minimize

Gearing Parameter

Input Crank Speed

Total Ratio Required

Primary Stage

Secondary Stage

Worm Lead Angle (7 )

Tribological Pairing

Y 28

Value / Specification

60 RPM

1:100 (Step-Up)

Spur Gear(1 + 10

10

Worm Gear ( L: )

> 15°

Hardened Steel Worm /

Bronze Wheel

Mechanical Implications

Optimal sustainable
biomechanical output for a
human operator. Bell
indicator ensures
compliance.

Yields the 6,000 RPM bowl
speed necessary for

>4, 000g relative

centrifugal force.

High-efficiency rolling
contact; transfers operator
torque to the intermediate
shaft.

Translates horizontal
rotation to vertical rotation;
multi-start worm absolutely
required.

Strictly required to exceed

friction angle (‘O ) to allow
the wheel to back-drive the
worm.

Maximizes wear resistance
and heat dissipation during
high sliding velocities,
mitigating thermal
expansion.

Table 2: Kinematic parameters and design specifications of the multi-stage manual gear train.
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Overrunning Friction Clutch Mechanics
A heavy stainless steel and cast-iron bowl rotating at 6,000 RPM possesses a massive moment

of inertia (I ). If the human operator suddenly stops turning the crank handle, the stored kinetic
energy in the bowl would violently back-drive the gear train*°. Because of the massive 100:1
ratio, the spindle attempting to drive the crank handle would generate immense shock loads,
instantly stripping the bronze worm wheel teeth, or dangerously snapping the crank handle
backward against the operator, causing severe injury.

To decouple the bowl's inertia from the input drivetrain, an overrunning friction clutch or sprag
mechanism is integrated into the intermediate shaft or the primary drive gear®*. As detailed in
original patents filed by the De Laval Separator Company, a friction coupling acts as a one-way
socket®*. This clutch allows torque to be transmitted only in the accelerating direction. Once
the input torque drops below the momentum of the spindle—such as when the operator tires
or ceases cranking—the clutch automatically disengages. This permits the massive bowl to
safely freewheel to a gradual stop over several minutes without forcing the crank handle to
spin, vastly reducing gear wear and ensuring absolute operator safety®*.

Rotordynamics and Spindle Bearing Systems

The vertical spindle that supports the heavy, fluid-filled separator bowl must operate flawlessly
at 6,000 RPM. At this velocity, the rotordynamics of the system become highly complex,
governed by critical speeds, severe gyroscopic moments, and the dynamic stiffness of the
bearing architecture. Minor unbalances can generate devastating radial loads.

Supercritical Rotors and the Flexible Spindle Paradigm
It is virtually impossible to manufacture a heavy, multi-part bowl assembly that is perfectly
balanced at the microscopic level. Any residual unbalance—an eccentricity between the center

of mass and the geometric axis of rotation—generates a rotating centrifugal force vector
Fe=m-r- ' , which scales with the square of the rotational speed®. If a rigidly mounted
spindle attempts to force this unbalanced mass to rotate strictly around its geometric center at
6,000 RPM, the resulting forces will instantly shatter the spindle bearings and fracture the
cast-iron frame™.

To solve this fatal flaw, modern centrifugal separators utilize a "flexible spindle” design—a
foundational engineering breakthrough originally developed by Gustaf de Laval®. The spindle
and its top bearing are mounted within a spring-dampened housing, often utilizing heavy coil
springs or elastomeric dampers radially surrounding the top bearing seat'®. This controlled
elasticity drastically lowers the primary natural frequency (the first critical speed) of the rotor
system to a value well below the operating speed of 6,000 RPM*,

As the operator cranks the machine, the bowl accelerates and passes through this critical
speed, briefly experiencing a resonant vibration amplitude. However, once the spindle crosses
into the supercritical domain—defined as operating above 70% of the first critical speed—a

profound dynamic phenomenon known as self-centering occurs™®. The flexible spindle bows



slightly under the centrifugal load, allowing the heavy bowl to dynamically shift and rotate
smoothly around its actual center of mass rather than its geometric center®. This brilliantly
isolates the unbalance vibration from the rigid frame and prevents catastrophic bearing failure,
allowing the machine to run with a characteristic hum rather than violent shaking.

Dynamic Bearing Stiffness and Gyroscopic Moments

While the top bearing is radially spring-dampened, the spindle must still be supported by a
series of high-speed angular contact ball bearings (ACBB) or deep groove ball bearings that
must absorb severe axial and radial loads resulting from both the weight of the bowl and the
gearing forces™®.

The calculation of bearing stiffness in a centrifuge is highly non-linear. The comprehensive
dynamic stiffness matrix of an ACBB must account for the centrifugal forces acting on the
rolling elements themselves, as well as the gyroscopic pitching moments induced by
high-speed rotation®. At 6,000 RPM, the steel balls attempt to pitch outward against the outer

raceway due to their own mass, fundamentally altering the inner and outer contact angles (9“'

and O, ) according to Hertzian contact theory®%.
The radial stiffness of the bearing demonstrates a quadratic non-linear hardening trend with

speed. To solve for the contact deformations (5j ) and calculate the true dynamic contact

stiffness (ch ), engineers must utilize the Newton-Raphson iterative method applied to the
equilibrium equations of the ball loads across all five degrees of freedom™.

_ 49

K. =
T dd;

Failure to correctly calculate this dynamic stiffness under centrifugal loading will lead to
improper axial preload specifications. Insufficient preload allows the balls to skid rather than
roll, while excessive preload induces severe thermal expansion, leading to lubricant breakdown,
extreme heat generation, and rapid premature spalling failure of the raceways®'.

Structural Integrity, Pressure Vessel Stress, and
Fatigue

The separation bowl acts as a high-speed pressure vessel. The internal hydrostatic pressure
generated by the fluid, combined with the extreme centrifugal forces acting on the dense
stainless-steel components, requires rigorous structural integrity and fatigue analysis. The
explosive disintegration of a bowl at 6,000 RPM presents a severe, potentially lethal hazard*.

Hoop Stress Mechanics in the Rotating Bowl
w = 628.3 rad/s

At 6,000 RPM (equivalent to an angular velocity ), the outermost wall of



the separator bowl is subjected to intense hoop stress (09 ). For a thin-walled cylindrical or
conical section, the centrifugal hoop stress is approximated by the density of the material (p )

and its peripheral velocity ('Up ):

o9 = pv? = plwr)’

p~ 7,850 kg/m’
94.2 m/s

Assuming the bowl is forged from 316L stainless steel ( ) with an outer

0.15m

radius of , the peripheral velocity reaches approximately

69.6 MPa

structural hoop stress acting on the metal alone approaches . This figure entirely
excludes the added hydrostatic pressure generated by the dense fluid column pushing
outward against the inner wall*®.

This continuous load requires the bowl to be machined from flawless high-tensile alloys. Any
surface defect, deep scratch, or non-food-grade weld can act as a stress concentrator. Under
the continuous centrifugal field, these defects serve as initiation sites for rapid crack
propagation, culminating in explosive rupture®.

. The resulting

Threaded Fastener Stress Concentration (Kf ) and Lock Ring Fatigue
The bowl hood (the upper half of the bowl) is secured to the bowl body using a heavy, threaded
retaining mechanism known as a lock ring® . This ring must withstand the entirety of the axial
forces attempting to blow the bowl apart under hydrostatic pressure. Consequently, the
threading on the lock ring represents the single most critical structural junction in the entire
machine®.

To prevent the high-speed rotation from unscrewing the assembly, the lock ring is universally
engineered with a left-hand thread®’. Because the bowl rotates clockwise when viewed from
above, the rotational inertia of the fluid and the parts inherently act to constantly tighten the
left-hand thread during acceleration, embedding it deeper into its secure state®.

However, threaded connections are highly susceptible to fatigue failure due to localized stress

amplification at the root of the threads. The theoretical elastic stress concentration factor (Kt
) for standardized V-threads (such as ISO metric forms) ranges from 2.0 to 4.5, with a nominal

value of 3.0 depending on the root radius ratio®. This implies that the localized stress at the
extreme bottom of the thread groove is up to three times higher than the nominal stress
calculated for the bowl wall®®.

Under cyclic loading conditions—created by the frequent daily assembly, high-torque
tightening with specialized spanners, acceleration to 6,000 RPM, and subsequent
deceleration—these thread roots are prime locations for fatigue crack initiation®. Finite
Element Analysis (FEA) utilizing quadratic meshing is strictly required during the design phase



to accurately model this stress singularity; linear elements fail to capture the severe stress
gradients®.
Furthermore, operating manuals mandate strict adherence to alignment markers. The lock ring

and the bowl base feature ¢ (phi) marks or standard alignment notches*’. Overtightening past
these marks distorts the bowl geometry, misaligns the internal disc stack, and induces severe
vibration?®. Conversely, excessive wear on the threads fundamentally compromises the
load-carrying capacity, necessitating immediate replacement of the entire bowl assembly to
prevent catastrophic disintegration?®.

ISO 21940-11 Dynamic Balancing Specifications

_ 17,2
Given the massive kinetic energy stored in the rotor (Ek 2 Tw ), mitigating unbalance

through precision machining and dynamic balancing is an absolute safety prerequisite. A
severe unbalance at 6,000 RPM will not only destroy the bearings and bend the spindle, but the
resulting vibrational forces can tear the cast-iron frame from its mounting“.

Unbalance Tolerances and High-Speed Safety

The global standard for defining permissible residual unbalance in rotating machinery is ISO
21940-11 (formerly designated as ISO 1940-1)%. This standard utilizes "G-grades," which
indicate the maximum permissible vibration velocity of the free rotor in millimeters per second
(mm/s)®’.

While ISO 21940-11 loosely categorizes standard process centrifuges and agricultural
separators under grade Gé6.3, the extreme rotational demands and tight internal clearances of
high-speed dairy separators frequently mandate much tighter tolerances, falling within G2.5,
G1.0, or even G0.4.

For a target balance grade of G2.5, the permissible unbalance (Upe"” ) in gram-millimeters
(g'mm) is mathematically calculated as:

9549 - G- m

n

Uper =

Where G is the specific balance grade (2.5), m is the total mass of the bowl assembly in
kilograms, and ™ is the maximum service speed in RPM (6,000)%.
Assuming a manual separator bowl weighs 10 kg, the maximum allowable unbalance at G2.5is

39.8 g+ mm

a microscopic . To contextualize the violence of unbalance, an eccentric mass
of just 5 grams resting at a radius of 200 mm at 6,000 RPM generates a tearing centrifugal

_ 2
force exceeding 394 Newtons (F — mrw ). At 10,000 RPM, this jumps to over 1,100

Newtons, drastically reducing bearing life and heavily distorting the flexible spindle®.



Two-Plane Dynamic Correction Methodology

Because a cream separator bowl possesses a substantial axial height relative to its diameter,
static (single-plane) balancing is entirely insufficient®’. A statically balanced bowl may appear
stable at rest, but can contain a severe dynamic "couple unbalance," where a heavy spot at the
top of the bowl is opposed by a heavy spot at the bottom. Once rotational velocity is applied,
this mass asymmetry creates a massive twisting moment along the spindle axis®’.

Therefore, the bowl must undergo rigorous two-plane dynamic balancing®. This sophisticated
procedure involves placing the fully assembled bowl—including the internal disc stack, lock
ring, distributor, and central feed pipe—into a specialized soft-bearing or hard-bearing
balancing machine. Trial weights of known mass are temporarily attached to two distinct axial
planes (usually the upper hood flange and the lower bowl base), and the phase and amplitude
of the resulting vibrations are mapped via accelerometers®.

Calculations reveal the exact location of the intrinsic unbalance, and permanent material
removal (via precision drilling or milling on designated non-stressed flanges) is then utilized to

bring the rotor within the strict Uper envelope®. It is crucial to note that the alignment,
sequence, and orientation of the internal conical discs must be preserved exactly as balanced
at the factory. Swapping discs from another machine, or rotating them arbitrarily during
reassembly, will instantly void the ISO G2.5 balance state and induce highly dangerous
vibrations upon start-up®®.

3-A Sanitary Standards and Hygienic Compliance

A perfectly engineered mechanical system is useless in dairy processing if it cannot be
adequately sanitized. Raw milk is an ideal biological substrate for bacterial proliferation.
Leftover milk residue rapidly calcifies into "milk stone," fostering resilient biofilms of
Staphylococcus aureus, Pseudomonas, or Bacillus spores. These organisms excrete an
Extracellular Polymeric Substance (EPS) matrix, a biological hydrogel that heavily shields the
bacterial colonies from thermal stress and chemical Clean-In-Place (CIP) agents?®.

To combat this, the construction of the centrifugal separator must rigidly adhere to global
hygienic design protocols, most notably the 3-A Sanitary Standards. Specifically, 3-A Standard
21-02 dictates the exhaustive hygienic requirements for "Centrifugal Separators and

Clarifiers"’?.

Surface Roughness (R“ ) and Electropolishing Mandates

The principal driver of bacterial adhesion is the microscopic topography of the food contact
surfaces’'. 3-A Sanitary Standards mandate that all product-contact components—the bowl,
disc stack, distributor, cream screw, and spouts—must be manufactured from 300-series
stainless steel. Optimally, 316L stainless steel is utilized to provide supreme corrosion resistance
against the highly aggressive chlorides and acidic cleaning agents used during sanitation
routines’".

. . . . R
More critically, these surfaces must achieve a maximum surface roughness profile (* ) of



<0 8pm (32 microinches)”". To achieve this demanding metric, the conical discs and the

bowl interior cannot merely be mechanically ground, which leaves microscopic folding and
burrs. They must undergo electropolishing—an electrochemical anodic dissolution process.
The component is submerged in an electrolyte bath and subjected to a direct electrical current,
which preferentially strips away microscopic peaks and burrs at the atomic level. This leaves an

0.4pm R,

ultra-smooth, passive, and highly cleanable surface often reaching down to
This ensures that there are zero microscopic crevices where pathogens can evade alkaline and
acid wash cycles.

Elastomer Selection and Seal Geometry

The centrifugal bowl relies heavily on major gaskets and O-rings to maintain a leak-proof
pressure vessel at 6,000 RPM. A failure of the main bowl seal will result in the pressurized milk
ejecting laterally from the machine, destroying the yield and creating a massive hygiene
hazard?’.

Under 3-A Standard 18-03, "Multiple-Use Rubber and Rubber-Like Materials Used as Product
Contact Surfaces in Dairy Equipment," these elastomers must be rigorously tested’. They are
subjected to accelerated aging tests to ensure non-toxicity, zero absorption of milk fats, and
absolute resistance to degradation from high-temperature sanitizing chemicals’™.

Standard industrial elastomers will quickly embrittle, swell, or leach toxic plasticizers into the
cream. Therefore, seals must be explicitly formulated from FDA-compliant (CFR 21.177.2600)
Class | or Class Il materials, such as FKM (Fluorocarbon), EPDM, or food-grade Silicone””.
Furthermore, the geometric design of the O-ring retention grooves machined into the
stainless-steel bowl must feature a minimum internal radius of 3.2 mm (1/8 inch) to eliminate
sharp 90° dead ends where bacteria harbor, ensuring total drainability and unhindered
sanitization’'. Finally, the entire assembly must be designed for rapid, tool-free breakdown,
allowing the operator to individually separate the discs for manual scrubbing, preventing the
compounding threat of cross-contamination®,
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