Phase-Adaptive Compact Drone

PHASE-ADAPTIVE DRONE The Logic of Tri-Modal Propulsion in Small
e e ——— e High-Agility Systems

Phase | — Pre-Engineering Concept
Formation

Lev Neymotin, PhD
Electric = Combustion “wspJe . N5Digital, Inc.

Plainview, New York

3 MODES — 1 SYSTEM

Proposal / Concept Paper

A system does not become adaptive by doing more.
It becomes adaptive by becoming something different at the right moment.

Abstract

This paper introduces the concept of a Phase-Adaptive Compact Drone: a small, high-agility flying system
capable of operating under three distinct propulsion regimes—electric, combustion, and jet—and, more
importantly, of transitioning among them in a disciplined way as mission demands change over time.
The central claim of this proposal is that the next significant step in compact drone architecture may not
lie in optimizing one propulsion system further, nor even in combining two systems in a conventional
hybrid arrangement, but in developing a coherent logic for phase-aligned tri-modal propulsion.

The concept presented here is not that of a drone carrying three equal engines, nor that of a machine
designed to use all propulsion systems at once. Rather, it is a drone whose behavior is organized around
an energy hierarchy. In this hierarchy, combustion serves as the backbone of sustained flight, electric
propulsion serves as the precision layer that governs fine control and low-energy maneuvering, and jet
propulsion serves as a brief surge layer, activated only when the drone must rapidly alter its velocity,
climb, or energetic state.

This proposal develops the concept through a pre-engineering analysis, including regime definition,
phase mapping, conflict identification, minimal viable architecture, boundary conditions, mission
windows, comparative advantage, feasibility envelope, and failure modes. The central conclusion is
deliberately restrained: tri-modal propulsion is not broadly advantageous, but selectively transformative
within a narrow class of missions requiring precision, persistence, and brief high-energy transitions.

Preamble

The present work did not arise in isolation. It grows out of an earlier line of thinking in which propulsion
was already being considered not as a static attribute of a vehicle, but as a dynamic response to
changing operating regimes.

In a prior proposal prepared under the Office of Naval Research program on advanced propulsion
systems, a concept was introduced for an energy-efficient, fast-responding propulsion architecture for
unmanned undersea vehicles, centered on a linear-stroke electric engine and anisotropic propeller
design . That earlier proposal was driven by a fundamental challenge that remains relevant here: how to



enable one unmanned platform to operate effectively across widely different dynamic conditions while
retaining the ability to rapidly accelerate, decelerate, stop, and restart .

That underwater work approached the problem through the design of a propulsion system intended to
remain effective across a wide variety of speeds. It emphasized low inertia, fast response,
maneuverability, and efficient long-distance behavior. It sought to reduce the penalties associated with
conventional propulsion systems by introducing a fundamentally different mechanism, one in which
rapid reversibility and broad dynamic adaptability were not afterthoughts but defining principles. In
conceptual terms, that effort was already probing a deeper question: what is the right way to design a
machine that must move efficiently through more than one physical regime?

The present proposal extends that same question into a different medium and a different architectural
direction.

Instead of attempting to force a single propulsion mechanism to span all flight conditions, this work
proposes a system that acknowledges the physical distinctness of different flight needs and addresses
them through deliberate regime specialization. Where the earlier underwater proposal emphasized
continuity across regimes within one propulsion architecture, the present drone concept emphasizes
controlled transitions between regimes by layering propulsion modes whose strengths are
fundamentally different.

The connection between the two projects is therefore conceptual rather than mechanical. Both are
rooted in the same broader realization: in complex environments, the key limitation is often not
absolute performance in one operating state, but the ability to move coherently between different
operating states without loss of efficiency, control, or responsiveness. Underwater, that realization led
to a novel propulsion mechanism meant to span widely separated speed requirements. In air, it leads to
a different strategy: a phase-adaptive compact drone whose energetic identity changes in a disciplined
way over time.

This continuity matters. It shows that the present proposal is not a sudden fascination with technical
complexity for its own sake. It is part of a longer intellectual trajectory focused on multi-regime
unmanned systems: systems that are not trapped in one operational character, but can reconfigure their
behavior in response to changing conditions. The domains differ. The mechanisms differ. But the
underlying problem is the same.

That is the foundation on which the present work stands.

1. Concept Overview
There is a persistent limitation in the design of compact drones that is often treated as inevitable: a
small flying system must choose its character in advance.

It may be efficient but slow. It may be fast but energetically short-lived. It may be quiet and precise but
unable to sustain significant range or endurance. These trade-offs are not accidental. They arise because
every propulsion technology inhabits a different portion of the energy-power landscape, and because
compact flying systems are especially unforgiving when mass, volume, heat, and aerodynamic tolerance
are limited.



In conventional drone design, one propulsion regime is chosen and the mission is forced to fit within it.
In some cases, a second propulsion mode is added through a conventional hybrid architecture, but even
then the logic is usually additive rather than deeply phase-structured. The vehicle remains largely
defined by one stable propulsion identity.

The present concept begins from a different premise.

A compact drone does not need to commit to a single propulsion identity. It can instead be designed as
a system that changes its energetic character during flight.

This shift is more important than it first appears. The idea is not merely that the drone carries three
propulsion systems. A catalog of propulsion hardware is not yet a concept. The real idea is that the
drone is understood as a phase-adaptive system: a machine whose operating logic changes as the
physical demands of flight change.

In this framework, electric propulsion governs precision, immediacy, and low-disturbance control.
Combustion propulsion governs endurance, continuity, and efficient sustained flight. Jet propulsion
governs burst power, abrupt transformation, and access to flight states that the other two regimes
cannot reach quickly. These regimes are not redundant, and they are not competing for equal status.
They correspond to three different physical demands that arise at different times.

That means the central problem is no longer propulsion selection. It becomes propulsion orchestration.

The intellectual core of the proposal therefore lies in a change of viewpoint. The drone is not defined by
its engines. It is defined by its ability to align energetic state with flight phase. Its originality is not that it
carries multiple forms of propulsion, but that it treats propulsion as a time-dependent variable of
identity.

This also means that the project must be approached carefully. A concept like this can become shallow
very quickly if it is understood as nothing more than a drone with “more capability.” The proposal only
becomes meaningful if each propulsion regime can justify its existence, occupy a distinct and irreducible
role, and participate in transitions that are physically and conceptually coherent.

The rest of this paper is an attempt to determine whether that higher standard can be met.

2. The Three Regimes as Distinct Physical Domains

A useful way to understand the tri-modal system is not by listing engines, but by asking what each
regime does to the drone’s relationship with energy, time, and air. The three propulsion modes should
be treated not as interchangeable hardware, but as distinct physical domains of behavior.

Electric Regime — The Domain of Control

Electric propulsion belongs to the domain of precision. Its defining strengths are immediate torque, fine
modaulation, reversibility, and comparatively low acoustic and thermal disturbance. When the drone
operates in this regime, it behaves less like a vehicle driving through the air and more like a controlled
object whose motion can be shaped delicately and corrected quickly.

This is the natural regime for the beginnings and endings of flight, for tight maneuvering, for local
correction under unstable conditions, and for those moments when what matters most is not raw thrust



but authority over motion. The value of electric propulsion here is not endurance. It is control density—
the amount of fine control the system can exert per unit of energetic commitment.

One could say that electric propulsion does not define where the drone goes. It defines how accurately
the drone can inhabit a local region of space.

Combustion Regime — The Domain of Persistence

Combustion propulsion occupies a different physical territory altogether. Its defining strength is not
delicacy but continuity. It offers high energy density, long-duration operation, and relatively stable
sustained thrust. In this regime, the drone becomes a traveler. It covers distance, maintains altitude,
carries the mission through its long middle, and provides the platform with an enduring operating
backbone.

Combustion is the regime of cruise, transit, loiter, and presence. It is the regime in which flight becomes
practical rather than merely possible. Its advantage lies not in instantaneous response but in the ability
to support meaningful mission time without overwhelming the platform with battery mass or forcing
the airframe into highly specialized high-speed geometry.

Its value is therefore structural. It anchors the concept in physical plausibility.

Jet Regime — The Domain of Surge

Jet propulsion belongs to a third and far more discontinuous domain. Its defining feature is not
continuity and not precision, but surge. It provides access to a burst of power and rapid acceleration
that neither combustion nor electric propulsion can efficiently match in short time windows. It is the
regime of abrupt climb, sudden dash, forceful repositioning, and rapid transformation of the drone’s
velocity or energy state.

In this regime, the drone briefly becomes something different. It becomes, for moments, almost
projectile-like—not in the sense of losing control, but in the sense that its motion is governed by a short
interval of extraordinary power relative to its ordinary state.

Jet propulsion is therefore not a mission identity. It is a transformational event.

Orthogonality Rather Than Redundancy
What makes these three regimes conceptually interesting is that they do not simply add up as “more
propulsion.” They occupy different axes of the problem.

Electric answers the question: how finely can the system control itself?

Combustion answers the question: how long and how far can the system remain in useful flight?
Jet answers the question: how suddenly can the system alter its energy state when continuity is not
enough?

The tri-modal system is meaningful only if these three questions genuinely coexist in some missions and
cannot be collapsed into fewer propulsion modes without loss of identity. That issue will return later.
For now, the key point is this:

The three regimes are not three versions of the same thing. They are three distinct physical domains of
flight behavior.



3. Phase Map of Flight: Orchestrating Three Propulsion Regimes

If the previous section defined the three regimes as distinct physical domains, the present section
defines how those domains unfold over time. A phase-adaptive compact drone is not characterized
merely by the presence of multiple propulsion modes, but by the sequence of dominant energetic
states it inhabits during flight.

At every moment of flight, one regime should lead, one may assist, and one should remain latent. This
principle is central. The system must not behave as though all available propulsion modes demand equal
voice at all times. That would create clutter, not intelligence. The phase map is the temporal discipline
that gives the tri-modal idea coherence.

Phase 0 — Standby / Pre-Activation

Before motion begins, the drone exists in its most controllable and lowest-energy state. This is naturally
an electric-dominant phase. Here, electric systems may power local control functions, surface
adjustments, stabilization routines, or readiness posture. Combustion and jet remain inactive.

This phase matters conceptually because it establishes the drone’s initial condition: quiet, precise,
reversible. The machine begins not with force, but with control.

Phase 1 — Initiation / Takeoff

As the drone transitions from rest into flight, electric propulsion is again the natural dominant regime.
The reason is simple: early motion is unstable, and instability is best handled by the propulsion mode
that offers immediate, finely modulated response.

Combustion may begin to engage or spool gradually in the background, preparing to assume the central
energetic burden. Jet remains silent.

This phase is less about maximum thrust than about controlled separation from equilibrium. The drone
must stop being an object at rest and become a flying system without losing precision at the very
moment when dynamics are least settled.

Phase 2 — Transition to Sustained Flight

Once the drone has departed its initial condition, combustion becomes the dominant regime. This is the
first major handoff in the architecture. The system moves from a control-dominant state into a
persistence-dominant state.

Combustion assumes the task of carrying the platform through climb and transition toward stable
sustained flight. Electric remains active as an assistant—smoothing instabilities, refining attitude, and
providing precision where the combustion response may be slower or less exact.

This phase is the first test of orchestration. If the system cannot move cleanly from electric-led
departure to combustion-led sustainment, the whole concept weakens.

Phase 3 — Climb and Energy Establishment

As the drone establishes altitude and operational energy margin, combustion remains dominant. It now
serves in its most natural role: steady thrust over useful time. Electric may still assist intermittently,
especially under gusts, local corrections, or sharp trajectory adjustments, but the overall logic is clear.
The drone is now inhabiting its backbone regime.



The importance of this phase lies in the fact that the drone must become ordinary before it can become
extraordinary. It must settle into a stable life in combustion-led flight before any argument can be made
for the need for added precision or surge later.

Phase 4 — Cruise / Transit

This is the longest and most stable portion of the mission. Combustion dominates. Electric remains
present only as readiness or refinement, and may recharge or remain largely latent depending on
architecture. Jet remains silent.

This is the lowest-entropy phase of the entire flight profile. It is predictable, efficient, and continuous.
Without this phase, the concept would lose its physical seriousness, because most compact drones that
require meaningful range or endurance must live for most of their mission in a stable sustained regime.

The drone in this phase is not showcasing its complexity. It is earning the right to have it.

Phase 5 — Precision Maneuver / Local Operations

At some point, the mission may require a return to local control dominance. This is where electric
propulsion reasserts itself. The drone may need to maneuver tightly, hold position more delicately,
interact with a constrained environment, or execute precise local motion that would be energetically
wasteful or dynamically crude under combustion alone.

Here, electric becomes the dominant regime again, while combustion remains active at a lower level as
a supporting backbone. The drone is not abandoning sustained flight identity; it is temporarily inverting
its hierarchy in favor of accuracy.

This is the second major inversion in the phase map: from persistence back to precision.

Phase 6 — Surge / Burst Maneuver

This is the most distinct and conceptually dangerous phase. Here, jet propulsion activates. It does so not
to define the mission, but to create a short interval in which the drone can abruptly change position,
climb rate, velocity, or energetic state.

During this interval, combustion may continue to supply baseline continuity and electric may remain
active to preserve control coherence. In rare moments, all three regimes may therefore be active
simultaneously—but this must be treated as an exceptional state, not a normal one.

The purpose of this phase is transformational. The jet layer does not prolong ordinary flight. It reshapes
the flight envelope for seconds.

Phase 7 — Re-Stabilization

Once the surge is over, the system must return to stable flight. This is more important than it first
appears. A concept that can enter a burst state but not cleanly exit it is not adaptive; it is merely
excitable.

Combustion resumes its role as dominant backbone. Electric dampens residual oscillations and restores
precise control. Jet returns to latency.



This phase is a reminder that the architecture is not judged by how dramatically it can transform itself,
but by how coherently it can return to ordinary function afterward.

Phase 8 — Descent / Return

As mission energy winds down, combustion continues at reduced power. Electric again grows in
importance, refining the descent, shaping trajectory, and preparing the drone for a return to a low-
energy local-control state.

The drone is now moving deliberately back toward the kind of state in which it began.

Phase 9 — Terminal Approach and Landing

At the end of the cycle, electric once again dominates. Precision matters more than efficiency, and fine
control matters more than sustained thrust. Combustion may reduce to minimal support or disengage
entirely. Jet remains silent.

This closes the loop. The drone returns to control dominance, having lived most of its life in persistence
and only briefly visited surge.

The Full Temporal Structure

Seen as a whole, the phase map reveals a deep pattern:
Electric dominates at the boundaries.

Combustion dominates the middle.

Jet appears only as a spike.

That means the full energetic narrative of the drone can be summarized as:

Control - Sustain - Transform - Stabilize - Control
T
his is not merely a flight sequence. It is the time-structure of the concept itself.

4. Conflict Map: Where the Three Regimes Collide

Every multi-regime system carries a hidden risk: the strengths of its components may not add—they
may interfere. The more attractive the concept appears in broad terms, the more important it becomes
to identify the points at which its internal logic begins to break down.

The Phase-Adaptive Compact Drone spans three physically incompatible domains: low-speed precision,
sustained efficient flight, and burst power. These are not naturally harmonious. If the concept is to
survive, it must do so not because these domains align easily, but because they can be made to coexist
within disciplined limits.

Mass and Volume Conflict

Each propulsion regime requires hardware. Hardware means mass, volume, structure, and allocation of
limited geometric real estate. In compact flying systems, these burdens do not add linearly. They
compound. A heavier vehicle requires more lift. More lift demands more structure or more thrust. More
structure adds weight. More thrust raises thermal and energy burdens.

This is the first conflict: electric requires batteries and associated control systems, combustion requires
engine and fuel, and jet requires turbine, intake, exhaust, and protective accommodation. If each is



allowed to develop freely, the result is a vehicle in which propulsion occupies the aircraft rather than
serving it.

The conceptual resolution is clear but severe: the system must not carry three full-strength propulsion
systems. Each regime must be limited to its natural role. Electric must be sized for precision, not mission
endurance. Combustion must be sized for cruise and safe continuity, not for every possible power
demand. Jet must be sized for bursts, not a second life as the primary propulsion system.

Thermal Conflict

Thermally, the three regimes are uneasy neighbors. Electric components generally prefer moderated
temperatures. Combustion introduces sustained heat. Jet introduces concentrated, intense heat. In a
compact airframe, these thermal environments are not isolated by default. If poorly conceived, the
drone becomes a place where one propulsion regime degrades another.

The architecture survives only if heat is treated as a managed pattern rather than a byproduct. This
means spatial separation, temporal separation, and use of airflow itself as part of heat handling. Above
all, it means jet use must remain brief enough that heat is experienced by the rest of the system as an
event, not as a new climate.

Aerodynamic Conflict

Perhaps the deepest tension is aerodynamic. Each propulsion regime “wants” a different aircraft.
Electric precision propulsion favors low-speed controllability and surfaces or thrust arrangements that
support refinement. Combustion cruise favors stable efficient geometry with reasonable drag
characteristics. Jet favors a shape that tolerates high transient speed and local aerodynamic stress.

A single airframe cannot be optimized for all three simultaneously. If the design attempts full
optimization in each domain, it becomes internally contradictory.

The drone therefore cannot aim for perfection anywhere. Its airframe must be a biased compromise:
acceptable in all three regimes, optimized in none of them absolutely. This is not mediocrity. It is the
only way a tri-modal architecture can remain a coherent aircraft rather than a collection of incompatible
aerodynamic ambitions.

Control System Conflict

Each regime produces different dynamic behavior. Electric is immediate and relatively linear.
Combustion is slower, more inertial, and smoother. Jet introduces strong bursts, spool behavior, and
possible nonlinearities. The control system must remain stable across all of them.

This creates a profound systems problem. The drone is not simply flying under three engines. It is flying
under three different families of dynamic response. If transitions are treated casually, the vehicle will
not become adaptive—it will become dynamically incoherent.

The only solution is a regime-aware, transition-aware control philosophy. The system must know which
regime dominates, which assists, what response profile is active, and how rapidly it can move between

them without loss of authority.

Energy Management Conflict



The architecture contains multiple forms of energy: electrical reserves, chemical fuel, and moments of
kinetic intensification under jet burst. If these remain conceptually separate, the system becomes
inefficient. It carries energy without a coherent logic of expenditure and recovery.

The architecture therefore demands an energy ecosystem, not three isolated supplies. Combustion may
support electric reserves. Electric may smooth combustion load. Jet must be treated as a high-cost but
high-value expenditure. The key is that the drone must not think of itself, conceptually, as three vehicles
sharing space. It must think of itself as one energy-organizing system moving through different states.

Mission Logic Conflict

If all three regimes are available, the temptation is to use them too often. This is a failure mode already
incubating inside the concept: over-optionality. Too many choices can degrade performance rather than
improve it if they are not ordered.

That is why the rule established earlier is so important: at any given moment, one regime leads, one
may assist, one remains silent. Without that rule, the architecture becomes over-capable but under-
directed.

Complexity versus Reliability Conflict

Finally, every added subsystem introduces failure points, maintenance demand, and diagnostic
complexity. A tri-modal system that depends on all modes for basic viability is already too fragile
conceptually.

The architecture must therefore be gracefully degradable. Loss of jet should not destroy ordinary flight.
Loss of electric should reduce refinement, not erase continuity. Loss of combustion would be far more
severe, but the overall concept must still remain logically structured around one dominant backbone
rather than around total interdependence.

What the Conflict Map Reveals

The Conflict Map does not disqualify the concept. It reveals its condition of survival:

The idea is plausible only if it remains hierarchical, limited, and disciplined. It fails the moment its
regimes blur into co-equal ambitions.

The tri-modal drone can exist only as a time-sharing system across incompatible physical domains.

5. Minimal Viable Architecture

Once a concept has survived the identification of its internal conflicts, the next obligation is reduction. A
serious idea should not first prove how much it can include. It should prove how little it can include
without losing itself.

The Minimal Viable Architecture is therefore not the smallest possible drone in a literal sense. It is the
smallest conceptually honest version of the Phase-Adaptive Compact Drone.

The Governing Principle of Minimality

The first rule is decisive: the three propulsion modes must not be treated as equals. If they are, the
architecture becomes immediately burdened by mass, volume, complexity, and loss of clear role
definition.



Instead, the minimal architecture is built around a strict hierarchy:

Combustion is the core propulsion backbone.

Electric is the precision overlay.

Jet is the surge augmentation layer.

This hierarchy is the architecture. Without it, there is no coherent minimal form.

The Backbone: One Sustained Flight System
A tri-modal drone cannot remain believable unless one propulsion mode carries the majority of its
ordinary life. That role belongs naturally to combustion.

This is not a nostalgic attachment to fuel. It is simply the most physically plausible choice for a compact
system intended to sustain meaningful mission time and distance. Combustion provides the best
available balance of energy density, duration, and manageable architectural demand.

The combustion system in the minimal architecture must be sized for stable cruise, moderate climb, and
safe return. It must not be oversized in an attempt to replace the jet layer, nor undersized such that the
other layers become prematurely indispensable. It is the ordinary life of the aircraft made material.

The Precision Layer: Small Electric Authority
Electric propulsion in the minimal architecture is not a second mission backbone. It is better understood
as a layer of authority.

Its function is to provide stabilization, local maneuver refinement, quiet terminal adjustment, and
immediate correction during transitions. It is the nervous system of the architecture rather than a
second metabolism.

This distinction matters profoundly. The moment electric propulsion is asked to carry significant
fractions of mission duration, battery mass rises, thermal burden grows, and the drone begins sliding
toward a different class of hybrid vehicle. The minimal concept loses its elegance precisely when the
electric layer becomes too ambitious.

The Surge Layer: Jet as Timed Event

Jet propulsion is the most conceptually volatile element because it tempts enlargement. Its dramatic
nature invites it to become more than it should be. The minimal architecture must resist that
temptation.

Jet is not a co-equal mode of ordinary flight. It is a timed event generator. Its purpose is to create brief
intervals in which the drone can abruptly change its energy state—rapid dash, sudden climb, sharp
breakout from an unfavorable condition, momentary overpowering of strong disturbance, or another
short transformative act.

The moment the jet layer is asked to sustain prolonged flight, the airframe begins reorganizing around
it. Intakes, shielding, cooling, structure, and aerodynamic assumptions start drifting toward a jet-defined



aircraft. At that point the drone stops being phase-adaptive and begins becoming a jet vehicle with
accessories.

The minimal architecture therefore preserves jet only as a controlled spike.

The Simplest Honest Sequence

The resulting operational narrative is elegantly simple. The drone begins under electric dominance
during initiation. It quickly hands control of mission continuity to combustion. During ordinary flight,
electric remains as an assistant, not a backbone. During a high-demand event, jet enters briefly while
combustion maintains continuity and electric preserves control coherence. When the event ends,
combustion reasserts centrality and the drone returns to stable ordinary flight. Near landing, electric
again becomes dominant.

This is important: the minimal system is not defined by simultaneous complexity, but by disciplined
alternation.

Airframe Philosophy

The airframe for the minimal architecture must adopt a philosophy of biased compromise. It cannot
optimize for hover-like precision, extreme glider-like cruise efficiency, and true high-speed jet purity at
once. Instead, it must be centered around combustion-led forward flight while leaving enough
aerodynamic and structural tolerance for electric refinement and jet bursts.

It is not a perfect airframe for any one regime. It is a compatible airframe for all three.

The Architecture of Restraint

Perhaps the deepest feature of the Minimal Viable Architecture is what it refuses to do. It refuses long
electric-only mission operation. It refuses long jet-only operation. It refuses equal sizing of all propulsion
subsystems. It refuses the temptation to let every phase become multi-modal.

These refusals are not limitations. They are the conditions of elegance.

Minimal System Identity

The Phase-Adaptive Compact Drone, in its minimal viable form, can therefore be stated clearly:

It is a compact drone with a combustion-based flight backbone, a light electric precision layer, and a
brief-duration jet surge layer, coordinated such that each regime appears only where its unique
physical advantage is decisive.

That statement is more valuable than any slogan. It defines the idea without exaggerating it.

6. Boundary Conditions: Where the Concept Ceases to Make Sense
A serious concept requires not only a region of promise, but a region of invalidity. Without clearly stated
limits, a good idea is often destroyed by being applied where it never belonged.

The purpose of this section is therefore protective. It identifies the conditions under which the Phase-
Adaptive Compact Drone should not be pursued.

Aerodynamic Boundary

The most fundamental boundary may indeed be aerodynamic. One airframe cannot fully belong to three
different flight worlds. Electric precision flight favors one set of characteristics, combustion cruise
another, jet surge another still. The concept remains valid only if the airframe can remain



aerodynamically acceptable across all three regimes without needing true optimization in any one of
them.

If the design demands full optimization in all three domains, the concept fails at the airframe level. The
geometry becomes self-contradictory.

This implies that the concept is most viable where cruise speeds remain moderate, where jet activation
is brief, and where electric control is used for refinement rather than for full hover-dominant behavior.

Scaling Boundary

There is a lower size boundary below which tri-modal propulsion ceases to make sense. At very small
scale, mass fraction, thermal separation, structural accommodation, and control authority all become
unfavorable. The propulsion architecture begins consuming the aircraft.

There is also an upper conceptual boundary. As the system grows, it starts drifting toward the category
of conventional unmanned aircraft rather than remaining a compact, agile drone.

This means the concept belongs in a middle regime: not micro-scale, not aircraft-scale, but compact
enough for agility and large enough to absorb layered propulsion meaningfully.

Mass Boundary

The architecture remains meaningful only if each auxiliary regime contributes more capability than the
structural penalty it imposes. This is the real mass boundary. If the jet layer or the electric layer forces
the combustion backbone to become significantly larger merely to carry them, then the architecture has
crossed into self-defeating territory.

Similarly, if electric capacity must grow so much that it ceases to be a precision layer and becomes a
second backbone, the architecture has lost its minimality.
The concept survives only under strict mass discipline.

Thermal Boundary
Heat must remain an event, not a climate. Combustion introduces manageable continuous thermal load.
Jet introduces intense thermal spikes. Electric components remain thermally sensitive.

The concept is viable only if the jet layer can be treated as a brief thermal event rather than a sustained
condition. If jet use becomes prolonged or frequent enough to redefine the thermal character of the
whole vehicle, the drone stops being compact in the original sense and becomes a heat-management
platform disguised as a flyer.

Control Boundary
The drone remains viable only if transitions among regimes remain within one governable family of
flight behavior. If each regime effectively creates a different aircraft, the architecture fractures.

That means jet activation cannot be allowed to produce burst states that overwhelm control authority.
Electric must remain capable of stabilizing transitions, and combustion must remain predictable enough

to anchor the system.

The architecture ceases to make sense if it must repeatedly reinvent the aircraft during flight.



Mission Boundary

Not every mission deserves three propulsion modes. In fact, most do not. If a mission can be fulfilled
nearly as well by combustion alone or by a simpler dual-mode system, then tri-modal architecture
should not be used. The third mode is justified only when there are short but decisive windows in which
surge changes the mission materially.

A valid mission must genuinely require persistence, precision, and rare but consequential energy spikes.
Without that triad, the architecture becomes excess.

Reliability Boundary

The auxiliary layers must fail gracefully. Loss of electric should reduce refinement, not erase ordinary
flight. Loss of jet should remove surge, not coherence. If the loss of one auxiliary regime collapses the
meaning of the entire concept, the architecture has become too tightly coupled.

Intellectual Boundary

There is also an intellectual boundary. The concept ceases to make sense the moment three modes are
included merely because three modes are fascinating. Complexity is not justification.

If any one of the three layers can be removed without materially diminishing the conceptual identity of
the drone, then the third mode has not yet been earned.

That is the deepest boundary condition of all.

7. Mission Windows: Where Tri-Modal Propulsion Becomes Necessary
A propulsion architecture justifies itself not by what it can do in theory, but by what it alone can do well.
Mission Windows are therefore the bridge between concept and necessity.

The Phase-Adaptive Compact Drone is not intended to replace conventional drones. It is intended to
occupy a narrow operational niche in which three capabilities must coexist in one coherent system:
sustained presence, local precision, and discontinuous bursts of power.

The Structure of a Valid Mission Window
A genuine mission window for tri-modal propulsion must contain three elements at once.

First, it must include sustained presence. The drone must remain active long enough that pure electric
operation is insufficient and repeated jet use would be physically unreasonable. This anchors the need
for combustion.

Second, it must include precision interaction. There must be some local phase in which fine
adjustments, careful control, or low-disturbance maneuvering matter materially. This anchors the need
for electric propulsion.

Third, it must include discontinuous energy demand. There must be rare but important moments in
which the required power or repositioning speed exceeds what combustion can efficiently provide and
where timing matters enough that gradual adjustment is inadequate. This anchors the need for jet
surge.



If any one of these three elements is absent, the tri-modal architecture loses its necessity.
Mission Window Type I: Distance - Precision - Rapid Exit

This is perhaps the clearest mission pattern. The drone travels efficiently over distance, enters a local
operating zone where precise maneuvering matters, and then must depart quickly rather than gradually.

Here the sequence is naturally combustion - electric - jet.

The core logic is asymmetry. Entry may be slow and economical. Exit must be fast and decisive. Simpler
systems generally struggle to satisfy both without compromise.

Mission Window Type Il: Persistent Operation with Sudden Repositioning

In this window, the drone may remain for extended time in one area, then suddenly need to relocate
quickly without abandoning overall endurance. Combustion carries loiter. Electric refines local behavior.
Jet enables abrupt relocation. Combustion then resumes ordinary continuity.

This window is defined by the need to break continuity without sacrificing it altogether.

Mission Window Type lll: Strong External Disturbance

Certain environments may produce intermittent high-demand conditions—gusts, turbulence, strong
localized forcing, or other disturbances—such that ordinary sustained propulsion is sometimes
insufficient for decisive repositioning or control recovery.

Combustion provides the baseline. Electric provides continuous fine correction. Jet provides brief
moments in which the drone can reassert dominance over the external condition rather than merely
endure it.

This window is not primarily about speed. It is about momentary superiority over disturbance.

Mission Window Type IV: Energy-State Transformation

Some missions require the drone to move efficiently between very different operational states—
altitude, speed, or positional energy—within constrained time windows. Combustion alone may reach
the required state too slowly. Electric alone lacks authority. Jet enables a rapid climb or dash into the
new state, after which combustion resumes, and electric restores fine control.

This is the mission window of abrupt state transition.

Mission Window Type V: Constrained Entry and Exit Zones

A drone may need to enter or leave environments where precise local control matters, yet operate
efficiently between those zones. Electric is naturally suited for the constrained boundary. Combustion
handles the connective tissue of the mission. Jet compresses transition time between distant or
energetically mismatched zones when necessary.

Negative Space: Where the Concept Should Not Be Used
Mission Windows become clearer when their opposites are stated plainly.



Pure endurance missions do not justify tri-modal propulsion; combustion dominates.
Pure short-range precision missions do not justify it; electric dominates.

Continuous high-speed missions do not justify it; jet-centered logic dominates.
Highly cost-sensitive mass deployment does not justify it; simplicity dominates.

The tri-modal concept is therefore not broad. It is selective by design.

The Shape of Valid Missions

All valid mission windows share one structural feature:

A long, stable phase is interrupted by short, decisive discontinuities requiring capabilities that the base
propulsion regime cannot provide gracefully.

That is the habitat of the concept.

8. Comparative Advantage: When the Third Mode Changes the Outcome

By this point the concept has acquired an identity, a minimal form, a bounded domain, and valid mission
windows. What remains is the hardest question: does the third propulsion mode create a non-linear
advantage, or is it merely an incremental technical flourish?

The Baselines

Single-mode systems are internally coherent and powerful in their native domains. Electric-only systems
offer fine control, low disturbance, and simplicity at small scale, but limited endurance and limited peak
power. Combustion-only systems offer range and practical continuity, but limited burst response and
less local control finesse. Jet-only systems offer speed and power, but poor efficiency and weak low-
speed grace.

Dual-mode systems already solve much. Electric + combustion gives precision plus endurance, but lacks
true surge. Combustion + jet gives persistence plus burst, but lacks the precision layer needed for low-
energy control refinement.

This means the tri-modal system bears a real burden of proof. It must do something neither dual
combination can do cleanly.

What the Third Mode Adds
The third mode does not simply add one more capability. It fills a missing corner in the space defined by
precision, persistence, and surge.

Single-mode systems occupy one axis.
Dual-mode systems occupy a plane.
Tri-modal systems occupy the full volume.

But geometry alone is not enough. The real question is whether this added volume matters
operationally.

Breaking Sequential Trade-offs
In simpler systems, trade-offs propagate from one phase into the next. A combustion + electric drone
can arrive efficiently and maneuver precisely, but may not leave suddenly with authority. A combustion



+ jet drone can travel and burst, but may handle delicate local precision poorly at the moments where it
matters most.

The tri-modal system does something different. It allows each mission phase to be executed nearer to
its local optimum without forcing that optimization to degrade adjacent phases.

This is the first non-linear advantage. It is not that the drone becomes uniformly better. It is that trade-
offs stop spreading across phases.

Discontinuous Response Capability

Dual-mode systems remain continuous systems. They accelerate gradually, reposition progressively, and
respond within bounded envelopes. The jet layer introduces discontinuity. It allows sudden change in
velocity or state rather than a merely faster version of gradual change.

Certain situations cannot be resolved by incremental improvement. In those situations, access to a
discontinuous response changes the result categorically.

Decoupling Control from Energy

Another subtle advantage emerges through the electric layer. In many systems, control authority is tied
to propulsion power: more thrust means more control effectiveness, and lower-energy states often
imply less precise control. Electric authority decouples these. The drone can maintain local control
refinement even when it is not operating in a high-thrust state.

When combined with combustion and jet, precision, endurance, and burst become less entangled. They
begin acting like partially independent variables.

Time Compression

Tri-modal propulsion also compresses mission time selectively. The drone can spend most of the mission
in economical sustained flight, then compress only the critical segments through burst propulsion, while
still preserving local control quality where needed.

This is different from flying fast all the time. It is spending time economically and spending power
strategically.

Where the Advantage Disappears

The advantage disappears immediately when one of the three required capabilities is absent. If surge is
not needed, the third mode becomes dead weight. If local precision is irrelevant, electric becomes
excessive. If endurance is secondary, combustion may no longer deserve centrality.

This confirms the central conclusion: tri-modal propulsion is not broadly superior. It is selectively
superior under narrow conditions.

Nature of the Comparative Advantage

The most precise statement is therefore this:

The third propulsion mode does not improve average performance. It improves situational performance
at critical moments while preserving efficiency elsewhere.

That is the true comparative advantage.



9. Feasibility Envelope: The Region of Physical Plausibility

A concept may be elegant and still be physically misplaced. The Feasibility Envelope is therefore not an
engineering design. It is a first-order mapping of the region within which the concept remains plausible
enough to deserve further thought.

Scale Envelope

The drone must belong to an intermediate compact class. If it becomes too small, the architecture is
consumed by propulsion burden. If it becomes too large, it drifts conceptually toward conventional
unmanned aircraft. The plausible region is therefore a middle ground: large enough to absorb three
specialized layers, small enough to remain agile and properly “compact.”

Mass Fraction Envelope

The crucial mass rule is simple: the auxiliary layers must remain smaller in structural consequence than
in conceptual importance. Combustion must carry the largest propulsion commitment. Electric and jet
must remain high-leverage additions, not co-equal burdens. If their presence forces significant
enlargement of the airframe or the combustion backbone, the architecture has already drifted outside
its feasible region.

Duration Envelope

Time allocation across regimes is one of the clearest feasibility tests. Electric must remain intermittent
and bounded, associated primarily with control-rich segments. Combustion must dominate mission
time. Jet must remain the briefest regime by far.

In a healthy tri-modal system, most of the mission occurs in combustion, small fractions in electric, and
very small fractions in jet. This is not a stylistic preference. It is the condition of plausibility.

Speed Envelope

The drone must inhabit moderate sustained speed space, with access to significantly higher transient
speed during burst intervals. It is not a high-speed aircraft by identity. It is a moderate-speed aircraft
with the ability to visit high-energy states briefly.

That asymmetry is central.

Thermal Envelope

Thermally, the concept survives only if heat remains partitioned and pulsed. Combustion produces
manageable continuous heat. Electric remains thermally sensitive. Jet must remain brief enough that
the system experiences its output as a transient load, not a permanent environmental shift.

If the vehicle requires broad continuous thermal protection because the jet layer is too central, then the
architecture has lost its original logic.

Control Envelope

All three regimes must remain close enough dynamically that a unified control philosophy can govern
them. If the jet layer pushes the drone into a radically different family of flight behavior, then the
architecture fractures. Feasibility therefore requires one governable dynamic space, not three
disconnected ones.



Mission-Time Envelope

The missions themselves must be long enough that endurance matters, structured enough that
precision matters, and discontinuous enough that surge matters. If missions are too short, combustion
becomes excessive. If they are too uneventful, jet becomes unnecessary. If surge becomes constant, the
architecture drifts toward a jet-defined craft.

Simplicity Envelope

Finally, the concept must remain architecturally disciplined. If too many supporting subsystems are
required—Ilarge batteries, complex thermal protections, oversized structural reinforcements, elaborate
intakes, or too many transition accommodations—the conceptual elegance vanishes.

A good test is this: complexity must grow more slowly than capability. If not, the concept no longer
deserves itself.

What the Feasibility Envelope Says

The concept survives first contact with physical reasoning, but only narrowly. It appears plausible within
a compact intermediate scale, combustion-dominated timeline, intermittent electric authority, brief jet
spikes, moderate sustained speed, event-based thermal logic, and unified control space.

That is enough for Phase |. A serious concept does not require unlimited freedom. It requires a
believable habitat.

10. Failure Modes: How the Concept Breaks

A concept often fails before engineering begins. It fails when its internal discipline erodes. The purpose
of this section is to identify the most likely ways the idea collapses conceptually or physically even within
its nominal feasible region.

The “Three Full Engines” Failure

The first failure occurs when each propulsion mode is allowed to become a full-capability system.
Combustion, electric, and jet all grow toward major roles. Mass rises, volume rises, structural demand
rises, and hierarchy disappears. The drone ceases to be compact and coherent.

This is the failure of lost restraint.

Jet Dominance Drift

Jet propulsion is intrinsically seductive. Once added, it tempts designers toward larger intakes, stronger
structure, and more frequent use. Slowly the drone begins orbiting the jet layer rather than merely
hosting it.

This is the failure in which the surge layer becomes a lifestyle rather than an event.

Electric Overreach

A quieter but equally real failure occurs when the electric layer begins claiming longer mission segments
and partial replacement of the combustion backbone. Battery mass rises, thermal burden rises, and the

architecture drifts into a different class of hybrid system.

This is the failure of redundancy replacing complementarity.



Aerodynamic Fragmentation

The drone may also fail when the airframe attempts to satisfy all regimes optimally. It accumulates
contradictory aerodynamic intentions: low-speed precision surfaces, cruise efficiency shaping, high-
speed burst accommodation. The result is often a vehicle acceptable nowhere.

This is the failure of over-optimization.

Transition Instability

A concept may appear stable in steady regimes and yet fail in the transitions that actually define it. If
thrust profiles mismatch, control response overshoots, or aerodynamic conditions shift too abruptly
during mode changes, the drone becomes dynamically incoherent.

This is one of the most serious failure modes because it strikes at the very heart of the proposal.

Thermal Saturation Trap
If jet usage becomes too frequent or too long, thermal spikes accumulate into a new thermal baseline.
Electric systems suffer, structure suffers, and compactness is lost.

Heat was supposed to be episodic. It has become atmospheric.

Mission Mismatch

Even a physically possible tri-modal drone can fail by being applied where it is not needed. If a mission
does not genuinely require persistence, precision, and surge within one coherent platform, then the
system is simply the wrong answer.

This is failure by unjustified complexity.

Control Authority Inversion

Another dangerous failure arises if the drone can generate motion it cannot adequately control. During
jet-assisted phases, power may briefly exceed controllability. In that case the drone’s most dramatic
capability becomes its most dangerous flaw.

This is the failure in which the surge layer outruns the precision layer.

Complexity Creep

Finally, there is the general failure mode of accumulation. Small fixes begin stacking: more
reinforcement here, more cooling there, larger batteries, expanded control logic, more protective
structures. No single addition looks fatal, but together they erode the original concept.

This is how elegant architectures often die—not through contradiction, but through slow clutter.

The Underlying Pattern
All failure modes reduce to a single principle:

The system fails when the boundaries between regimes dissolve.

If hierarchy is lost, durations expand uncontrollably, transitions destabilize, or auxiliary roles begin
behaving like co-equal identities, then the tri-modal drone stops being phase-adaptive and becomes
chaotic.



11. Phase | Conclusion: From Idea to Defined Concept

Phase | began with a simple intuition: perhaps a compact drone could carry more than one propulsion
identity and change what it is during flight. That intuition could easily have remained vague, theatrical,
or merely decorative. The purpose of Phase | was to test whether it could instead become a structured
concept.

That process has now been completed at the pre-engineering level.

The concept has been given a clear identity. It is not a drone with three engines. It is a phase-adaptive
compact drone organized around the deliberate sequencing of three energetic regimes: precision,
persistence, and surge.

It has been reduced to a minimal viable architecture. Combustion is the backbone. Electric is the
precision layer. Jet is the surge layer. None is allowed to drift into the role of another without
threatening coherence.

It has been bounded physically and conceptually. The architecture is valid only within an intermediate
compact scale, under aerodynamic compromise, within disciplined mass and thermal limits, and only for
missions that genuinely require all three capabilities.

It has been compared against simpler alternatives and found not to be generally superior, but selectively
different in a way that matters only under specific circumstances.

It has been exposed to first-order physical pressure through the Feasibility Envelope and has survived
narrowly, though not generously.

It has also been made vulnerable to criticism through the identification of its Failure Modes.

This is what a successful Phase | should do. It should not prove that a system can already be built. It
should prove that the concept remains meaningful when denied the comforts of vagueness.

What Has Been Established

By the end of Phase I, the following appears defensible:

The Phase-Adaptive Compact Drone is a coherent conceptual proposal. It is not broad, not universal, not
a replacement for simpler systems, and not justified by fascination with technical richness alone. It is a
narrow, disciplined idea that seems worthy of deeper exploration because it solves a specific kind of
problem: the need for a compact system that can remain efficient for most of its life, become extremely
precise in local windows, and briefly generate decisive surge without allowing any one of those states to
define the entire mission.

What Has Not Been Established

Phase | has not produced an engineering design, a layout, a verified control model, a mass budget, or
validated aerodynamic shaping. That omission is intentional. To rush into engineering before the
concept has defined its own habitat would be premature and intellectually sloppy.

What Phase Il Would Mean
If there is to be a Phase I, it would represent a move from conceptual structure into constrained
technical exploration. That would likely include approximate sizing logic, rough mass fractions, candidate



propulsion integration strategies, transition control logic, and first-order aerodynamic shaping
considerations.

But Phase Il should begin only with a clear understanding that the concept has already told us what it
is—and what it is not.

Final Statement

The present proposal is not an attempt to build a more capable drone in the general sense. It is an
attempt to build a compact drone that can change its energetic identity deliberately, aligning its mode
of flight with changing demands rather than forcing one propulsion state to serve all phases equally.

That is the essence of the concept.

And at the conclusion of Phase |, that essence remains intact, constrained, and intellectually defensible.



