# EXECUTIVE ENGINEERING BRIEF: DR. GRAY’S MULTI-ALTITUDE SMALL CARGO PLANE

**Project Track:** Re-Specification of Engine 02 and Airframe for 11,000-ft Operational
Takeoff Ceiling

**Methodology:** Socratic Brick-by-Brick Layout Validation

**Author:** Dr. Patrick Gray

### |. EXECUTIVE SUMMARY & DESIGN PHILOSOPHY

This document establishes the architectural transition of a unique hydrostatic VTOL/fixed-
wing cargo drone from a sea-level baseline up to a universal high-altitude (11,000 ft)
operational envelope. Drawing from real-world operating room logistics and medical
transport helicopter protocols, the aircraft avoids abrupt high-RPM "pop-up" takeoffs.
Instead, it utilizes a high-speed CPU-governed fluid distribution network to execute a slow,
methodical, ultra-stable vertical lift-off (e.g., hover at 6 inches, hold for nominal checks,
rise 12 inches, and execute a controlled transition to wing-borne flight). To protect the
integrity of existing live web publications and open-source PDF assets, this re-specification
is managed as a standalone, iterative design branch.

### [|. CORE MASTER SPECIFICATIONS MATRIX

The physical metrics of the aircraft are re-baselined to absorb high-altitude thin air
requirements while preserving the foundational payload capacity:

| Design Metric | Sea-Level Baseline (Current Live PDFs) | High-Altitude Variant (11,000 ft
Target) | Status / Engineering Action |



| **Airframe Empty Mass** | 80.0 lbs (Highly Optimized) | **95.0 lbs** | **Expanded**
(Provides structural buffer) |

| **Dedicated Fuel Load** | 60.0 lbs (Liquid Diesel/JP-8) | **60.0 lbs** | **Maintained**
(Secures 15-hr cruise potential) |

| **Dedicated Cargo Payload** | 80.0 lbs (Medical/ Sandbags) | **80.0 lbs** |
**Maintained** (Core military mission target) |

| **Gross Takeoff Weight (GTOW)**| **220.0-225.0 lbs** | **235.0 lbs** | **Calculated
Assembly Total** |

| **Total Structural Wingspan** | 13.18 Feet | **13.18 Feet** | **Locked** (Verified via
WingCrafter) |

| **Central Fuselage Geometry** | Inverted AH 80-140 Pod | **Inverted AH 80-140 Pod** |
**Locked** (Yields perfect $C_m = 0.000$ self-trim) |

| **Primary Propulsion Type** | Distributed Hydrostatic Loop | **Distributed Hydrostatic
Loop** | **Locked** (Four 42-inch high-solidity props) |

| **Core Power Generation** | 10,000W Free-Piston Core | **10,000W+ Oversized Air-
Sleeve** | **Active Re-Specification Domain** |

### 11l. WATER-TIGHT SOLID VOLUME SKIN VERIFICATION

Extracted via SketchUp Pro solid grouping tools using a uniform 1mm hollow ribbon
extrusion path (Follow Me command), ensuring no trailing-edge geometric mesh self-
intersections. Mass values assume a structural carbon fiber composite constant of $1.5
\text{ g/cm}"*3$:

1. **Outer Wing Panels (6.59-foot span per wing panel):**
* Solid Material Volume: $2063.89 \text{ cm}"3$
* Calculated Single Mass: $3,095.84 \text{ grams}\ (6.83 \text{ lbs})$

* Combined Wing Skin Total: **13.66 lbs**



2. **Inverted Central Fuselage Pod (AH 80-140 aerodynamic enclosure):**

* Solid Material Volume: $2313.10 \text{ cm}"3$

* Calculated Enclosure Mass: $3,469.65 \text{ grams} \ (\mathbf{7.65 \text{ lbs}})$
3. **Total Structural Skin Shell (Wings + Pod combined):** **21.31 lbs**

* *Analysis:* Subtracting 21.31 lbs of skin and 54.00 lbs of core engine machinery from
the updated 95.0-lb empty mass target leaves an exceptionally safe **19.69-lb structural
headroom buffer** to accommodate internal web spars, carbon motor outriggers, flexible
pressure lines, and landing gear wheels.

### |V. BRICK-BY-BRICK MECHANICAL FLIGHT TRAIN

* **Rotor Aerodynamics (The Lift Foundation):** Verified via JavaProp. Four 42-inch high-
solidity paddles spinning at a quiet, low-stress range (2,000 to 2,658 RPM) generate a static
vertical thrust column matching the gross weight. Real-world manufacturing data from
Mejzlik confirms these hollow-core monocoque carbon blades weigh only 200 grams
apiece (**1.76 lbs combined**), rendering raw 3D software "solid block mass" warnings
obsolete.

* **Torque Transmission (Distributed Hydraulics):** Traditional high-decibel electric
motors and heavy ESC speed controllers are entirely eliminated. Power is distributed to
wingtip-mounted Parker PGM hydraulic gear motors (1,200g each; **10.56 lbs combined**)
fed via high-pressure lines through the wing interior. Rotor speed modulation is achieved
cleanly via computer-controlled hydrostatic shunting valves.

* **Avionics Envelope (The Bicycle Principle):** Mechanical control flaps, ailerons, servos,
and pushrods are omitted. The aircraft behaves like a modern bicycle—relying on high-
speed algorithmic attitude corrections to balance itself by continuously trimming localized
fluid volumes to individual rotors. The complete electronics suite (Flight Controller, 3-axis
high-refresh IMU sensors, GPS, telemetry radio, downlooking camera, and a tail-mounted
radar altimeter) packages into a 1-lb bundle roughly the size of two softballs.



### V. HIGH-ALTITUDE PNEUMATIC SELF-REGULATION

To make the aircraft capable of taking off anywhere on Earth without adding heavy
mechanical superchargers or complex variable-geometry multi-stage throttling valves, the
engine uses **Pressure-Driven Variable Volumetric Efficiency**:

1. **The Oxygen-Mass Constant:** To deliver identical energy per combustion stroke at any
altitude, the engine must trap an identical mass of oxygen (in grams) within the cylinder.

2. **The Oversized Air Cylinder Solution:** The air-charging cylinder diameter and piston
sleeve are intentionally oversized to capture a massive geometric volume of air.

3. **Thin Mountain Air State (11,000 ft):** The low-density air offers negligible resistance.
Driven by the primary combustion free-piston stroke, the unlinked, floating air-charging
piston travels its absolute maximum physical path length, compressing a massive column
of thin air up to 23 atmospheres to ensure reliable diesel auto-ignition.

4. **Dense Sea-Level Air State (Accident-Free Short-Stroking):** As the plane descends
into thick sea-level air, the heavier air molecules create an aggressive pneumatic brake
early in the compression stroke. This pressure spike rapidly absorbs the piston's kinetic
momentum, forcing it to physically stop and turn around early. The shorter geometric
stroke naturally traps a smaller volume of dense air. Because thick air over a short stroke
matches the mass of thin air over a long stroke, oxygen delivery remains perfectly equalized
by pure physical feedback.

5. **The CPU Energy Management:** The only valve between the hydraulic pump and the
accumulator remains a passive, spring-loaded one-way mechanical check valve,
preventing high-frequency electronic valve lag. The engine CPU controls the system solely
by reading the ambient barometric pressure and adjusting the fuel injection pulse width. As
atmospheric density increases, the CPU trims the fuel volume, tailoring the raw
combustion energy to match the stiffer pneumatic resistance of the air cylinder perfectly.



### VI. THE LOGARITHMIC SPRING NETWORK

Structural reliability and variable power throttling (from 10,000 Watts down to 2,000 Watts)
are solved entirely through mechanical, progressive-rate springs:

* **Combustion Chamber Cushion (Over-Energy Defense):** Logarithmic springs are
nested at the Bottom Dead Center (BDC) zone of the hydraulic pump. For 90% of a
standard stroke, the loose coils offer zero resistance. If a fuel injection spike or over-
energetic combustion event occurs, the coil spacing tightens exponentially in the final
millimeters, safely catching the 1.4-lb sliding tungsten masses, absorbing the "fuel
injection error," and storing the kinetic energy for the return stroke.

* **The Accumulator Transmission (Throttling Power Shift):** A logarithmic spring is
mounted inside the fluid accumulator to act as a pressure-sensitive automatic
transmission:

* *VTOL Hover (10,000W Peak Demand):* High-frequency cycling forces fluid deep into
the accumulator, compressing the spring into its high-stiffness zone, locking the line
pressure at an aggressive 3,232 PSI to feed the four lift rotors.

* *Fixed-Wing Cruise (2,000W Lower Demand):* As the flight controller drops into a fuel-
saving pulse-skipping profile at 60 mph, fluid volume drops, allowing the accumulator
spring to unwind into its soft, low-pressure zone. Line pressure drops automatically to
roughly 894 PSl—safely shedding mechanical stress without complex throttling hardware.

* *Under-Energetic Events (The Slog Profile):* If a combustion cycle under-performs, the
soft zone of the accumulator spring allows the free piston to easily finish its physical stroke
transit anyway, preventing engine stalls while the CPU logs the anomaly.

### VII. NEXT SESSION OBJECTIVES (FOR GOOGLE Al RE-LOAD)

Upon uploading this summary document into a fresh session, the collaborative workspace
will be prepared to immediately execute the following engineering calculations:



1. Re-calculate the precise expanded diameter for the oversized high-altitude air-charging

cylinder.

2. Formulate the revised multi-altitude operational spreadsheet metrics (L/min, PSI flow,
and fuel-burn profiles).

3. Draft the visual force-vs-displacement curve equations for the logarithmic accumulator

springs.



