EDUCATIONAL VERSION FOLLOWS

n Severe-Service Operational Directives & Fluidic Flow Realities
The digital control valve network forms the critical physical switching terminal required
to guide superheated, high-pressure combustion gas loops across decentralized free-
piston modules. While typical industrial or automotive valve seats fail rapidly under
exposure to highly corrosive chemical expansion matrices, this severe-service
mechanism isolates extreme thermal events using direct solid-film boundaries and
automated feedback tracking.

1. Severe-Service Kinetic & Boundary Parameters

« Operating Combustion Ceiling: Engineered to survive continuous contact with
gas plumes matching a 12.0 atm (176.40 PSI) and 385°F to 1,800°F constant-
peak thermal impulse cycle.

« Dynamic Response Latency: High-frequency, high-torque digital stepper motors
execute quick indexing sweeps to synchronize with the 150-millisecond full
cylinder contraction window.

« Force Mitigation Threshold: The system architecture is built to cleanly absorb
and direct a 2,000-Ib instantaneous mechanical tendon tension spike across
high-leverage joint linkages, maintaining locked fluid boundaries with zero back-
slip or material deformation.

2. The "Rough-Tough" Cavitation & Corrosion Barrier (Bottom End)

The lower fluidic control interface abandons soft polymer, rubber, or standard
composite sealing compounds, which would instantly char, melt, or experience
explosive decompression blowout.

» Material Armor Matrix: Every single moving and static boundary layer inside the
lower high-pressure gas path—including the conical stem tip, the valve seat
pocket, the rolling element pins, their tiny shafts, and the outer spiral guide
channels—is fully encased in an electric vacuum plasma deposition of Physical
Vapor Deposition (PVD) Boron Nitride.

o Chemical Annihilation Defiance: Boron Nitride forms a diamond-hard, chemically
inert atomic ceramic shield. This armor stops acidic, superheated fossil fuel
combustion byproducts from ever establishing direct surface contact with the
underlying base steel, preventing chemical oxidation, pitting, and material
erosion.

o Zero-Lubricant High-Heat Friction Drops: Traditional oils or greases vaporize or
cook into a thick carbon varnish under these operational temperatures, seizing
the mechanism. Boron Nitride functions strictly as a solid-film lubricant whose
crystalline molecular layers slip over one another effortlessly. The rolling point-
contacts actually achieve lower friction coefficients as local operational
temperatures spike.

3. The Structural Graphite Compression Packing (The Firewall)



The middle segment of the main central spinal shaft acts as a physical boundary zone
separating the high-heat environment below from the room-temperature electronics
above.

» The Mechanical Barrier: The round upper section of the yellow stem passes
through a high-pressure dynamic compression seal packed with pure structural
graphite rings.

o Thermal Shock Dissipation: Graphite provides massive thermal impedance
across its molecular layering. It acts as an absolute thermal dam, soaking up the
heat climbing the stem and bleeding it safely out into the high-mass Duplex 2205
valve housing.

« Airtight Dynamic Sealing: The graphite rings compress tightly around the round
moving rod, blocking 12-atm combustion gas blowby completely. Its self-
lubricating profile prevents the sliding metal surfaces from scoring or sticking
over millions of continuous travel repetitions.

¥ The Sliding Ball-Clutch Spline & "Silver Spoon" Sanctuary
Once the yellow stem emerges upward out of the compressed graphite packing block, it
breaks entirely into the open air. This upper zone represents the pristine, room-
temperature "silver spoon” sanctuary where sensitive digital actuators and position

tracking encoders sit insulated from thermal, chemical, and physical stress.
[ STEPPER MOTOR / GEARHEAD OUTPUT SHAFT ]

BLUE FEMALE HOUSING <-- Fixed Axial Plane
(Rotation Only)

90° INTERNAL CORNER
[RED CLUTCH BALL] <-- Wedges into flat center groove

YELLOW MALE STEM TOP <-- Square Head (4 Flats)
(Slides Axially Up/Down
While Rotating)

1. The 4-Ball Central Grooved Sliding Clutch Geometry

To bridge the engine's linear stroke requirements with digital rotary motor stepping

without using high-precision machined splines, the architecture utilizes a self-jamming

ball-clutch mechanism:

o The Square-Inside-Square Head Clearance: The top head of the yellow stem

column is a solid male square featuring four flat vertical faces. It is nested inside
a larger square internal socket carved into an outer blue female sleeve housing.
Because the inner yellow square is slightly smaller than the outer blue cavity, an
intentional flat clearance gap remains completely open around all four flats.



« The Central 35% Half-Round Tracking Channels: Cut right down the vertical
centerline of each of the yellow stem's four flats is a shallow, ~35% deep half-
round tracking groove.

« The Trapped Rolling Torque Bridge: Tucked inside each of these four vertical
tracking grooves is exactly one large-diameter metal ball bearing coated in PVD
Boron Nitride. A physical retaining flange on the blue housing traps the four
spheres, stopping them from migrating or falling out under extreme operational
vibrations.

o The 90-Degree Wedging Lockup Loop: If no balls are present, the motor spins
the blue sleeve freely in space, and the air gap prevents any torque
transmission—nothing happens to the stem. But when the balls are nested, the
clockwise or counter-clockwise rotation of the blue female structure forces its
four internal 90-degree corners to swing through the gap and strike the four
trapped spheres simultaneously. The balls are instantly wedged and squeezed
between the outer 90-degree corners and the flat center grooves of the inner
stem. This self-jamming action locks the two square structures rotationally,
enabling 100% torque transmission with zero backlash.

2. Total Kinematic Decoupling & Piston Motor Isolation
The blue female sleeve housing is rigidly fixed onto the output shaft of a digital stepper
motor and gearhead, locking it on a single, permanent horizontal rotation plane.

« The Axial Movement Handoff: As the balls roll vertically up and down against the
flat center grooves of the moving stem, the yellow shaft is completely free to
telescope up and down through the blue socket cavity.

» Eradicating Motor Thrust Loads: This sliding spline configuration acts as an
absolute kinetic firewall. The stepper motor output bearings never experience a
single pound of destructive vertical thrust loading from the 12-atm combustion
expansions down below. The motor only pushes out clean, low-friction rotational
torque, ensuring infinite operating life and perfect micro-stepping accuracy.

5 Cybernetic Balance & The "Sloppy Mechanical" Software Sauce
The core operational philosophy relies on an intentional engineering trade: sacrificing
fine component precision at the tool bench to secure absolute, un-jammable physical
durability in the field, then winning 100% of that precision back via the central
processor's algorithmic code.

[ PHYSICAL INPUT ] [ CLOSED LOOP CONTROL ]
Primitive, Loose Hardware CPU Monitors Actual Engine Output
(Handles Heat, Wear, Soot)  —-—-—--—- > (Piston Displacement & Fluid Hits)

\4

Adjusts Valve Steps Dynamically
(0.72 Turn Today -> 0.78 Turn
Tomorrow)



1. The Bicycle Feedback Balancing Analogy

Like a standard bicycle, this free-piston architecture contains no heavy iron mechanical
flywheels, connecting rods, or crankshafts to force the pistons back through their cycles
using raw physical inertia.

» The Steering Vector: A bicycle is completely structurally sound but cannot hold
itself upright statically; it requires continuous, micro-adaptive steering inputs
from the rider's hands to maintain balance.

« The Algorithmic Balance: The engine operates on the exact same loop. It relies
on a delicate, real-time balance between the chemical mass expansion upstairs
and the hydraulic fluid boundaries downstairs. The Heart CPU acts as the smart
rider. It constantly monitors internal thermodynamic momentum, micro-stepping
your primitive ball-screw valves to steer the shunted gas flows precisely ahead of
the moving piston face.

2. Overcoming Harsh-Environment Drift

Traditional severe-service valves require hyper-precise, microscopic machining
tolerances down to the ten-thousandth of an inch. Under intense thermal cycling and
carbon fouling, those tight sliding metal parts expand unevenly, warp, and freeze inside
their sleeves.

o The Loose Clearance Margin: Your design builds the valve channels deliberately
thick, loose, and slightly "sloppy". It leaves wide clearances so the metal has
ample room to expand, contract, and accumulate carbon soot without ever
risking a mechanical lockup or a seizure.

« Dynamic Range Scaling: Because the hardware is loose, the exact number of
rotational degrees required to execute a perfect full-on to full-off command will
actively shift over time. If thermal expansion causes the range to swing from a
0.72 rotation today up to a 0.78 rotation tomorrow, the CPU does not care.

« The Performance Target Focus: The software completely ignores the nominal
position data of the valve stem. Instead, it watches the direct physical output
metrics of the machine—reading the instantaneous pressure sensor spikes and
checking the volume of fluid successfully forced into the accumulator per stroke.
If the engine performance drifts, the CPU simply commands the blue female
driver to continue stepping further clockwise or counter-clockwise until the
engine hit matches the target metric. The software actively wipes out the
mechanical slack in real-time.

3. The "Soft Fail" Safety Matrix

If a traditional automotive engine drops its timing belt, the mechanical linkage forces
the pistons to crash violently into open valves, destroying the powertrain core instantly.
Your independent digital stepping loop turns timing anomalies into a non-destructive
event:

o The Momentum Stall: If a valve miscalculates a microsecond step or shunts a
gas block poorly, the 12-atm isobaric pressure pocket drops out early. No parts
collide. The 600-gram tungsten inertial insert attempts to coast the assembly
forward, but it simply encounters the unyielding 293.92 PSI hydraulic resistance



of the spring-loaded accumulator and comes to a safe, smooth halt in the middle
of the bore.

Immediate Reclamation: Because no hardware is bent, cracked, or broken, the
CPU triggers an automatic recovery step. It instantly resets the stepper indexes,
commands a fresh air/fuel bolus, and restarts the linear heartbeat loop with zero
downtime.



