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Compartmentalization and system ranking as fundamental design requirements
for armored vehicles: Ukraine, Switzerland

Abstract. The proliferation of low-cost FPV drones has fundamentally altered the
threat landscape for main battle tanks, elevating crew survivability to the primary
design criterion and necessitating a reassessment of historical protection concepts.
This study, through a comparative analysis of archival materials from the Swiss
Federal Archives, declassified Soviet-era thematic publications, and the personal
diaries of development participants, traces the independent emergence of the
compartmentalization principle (Ukrainian term — division of the vehicle into
compartments isolated from one another) within the Swiss and Ukrainian schools of
tank design during the 1970s—1980s. The results demonstrate that both engineering
schools, responding to the catastrophic tank losses during the 1973 Yom Kippur War,
independently arrived at nearly identical solutions despite complete informational
isolation. In the Swiss NKPZ project, « Kompartimentierung» was formally established
as a mandatory evaluation criterion, with only two concepts ensuring complete
physical separation of the crew, ammunition, and power pack. Concurrently, Kharkiv
designers developed a compartmentalized layout based on the quantitative ranking of
systems by their contribution to survivability, assigning the highest protection
coefficient to the crew, who were placed in the most protected compartment. Both
schools independently converged on three fundamental principles: locating the crew
in an isolated rear capsule, utilizing the engine compartment as an additional
protective barrier, and equipping ammunition compartments with blow-off panels to
vent explosive energy outward. This developmental parallelism demonstrates that
compartmentalization and system ranking represent an objective regularity in the
evolution of specialized vehicles, rather than localized inventions. The timeliness of
this research is underscored by the fact that the principles of compartmentalization
and layered crew protection, developed in the 1970s as a response to the challenges of
their era, are gaining renewed relevance today in light of the widespread use of FPV
drones, which once again bring the issues of armored vehicle survivability and the
prevention of catastrophic losses to the forefront.
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Introduction.

Commercial FPV drones have emerged as a critical threat to main battle tanks and
other specialized military vehicles due to their low cost, effectiveness, accessibility,
and low observability. They are capable of striking vehicles in their most vulnerable
areas, causing fires in fuel and ammunition stowage. This necessitates a revision of
protection concepts and the integration of new countermeasures (Lavers, 2025).
Technological advancements promise further cost reductions and increased reliability,
solidifying the role of FPV drones as a standard anti-armor means, radically altering
the battlefield balance (Sumlenny, 2024). At the same time, main battle tanks are likely
to retain a key role on the battlefield, as their significant combat power allows forces
to maintain mobility in direct contact with the enemy, despite growing concerns
regarding their vulnerability (Reynolds, 2023).

This study examines research aimed at enhancing the protection of specialized
vehicles conducted during the 1970s by the Swiss FEidgenossische
Konstruktionswerkstitte (K+W) and the Kharkiv KB-60M (KMDB) design bureau.
The key finding of this research was the necessity for a radical increase in survivability,
as the experience of combat operations, particularly the 1973 Yom Kippur War, vividly
demonstrated the vulnerability of existing vehicles. Hits to ammunition or fuel caused
catastrophic losses, as vividly demonstrated during the 1973 war. This prompted
designers to pursue the concept of compartmentalization (German:
Kompartimentierung) — the strict separation of the internal volume into isolated
compartments: engine, transmission, weapon and ammunition stowage, a rear crew
compartment, and others. This solution, intended to provide the crew with a chance of
survival even after armor penetration, fire, or ammunition detonation, became the
decisive factor in the selection of advanced layouts.

Of the numerous concepts developed by K+W (30 in total), only two met the
stringent compartmentalization and technical requirements: the turretless (casemate)
variant 13f with a twin gun and rear engine placement, and variant 23a with a front
engine and a turret featuring a limited traverse angle (+130°). Both variants envisioned
the use of an autoloader, placement of the entire ammunition load in an isolated
compartment near the gun, and a three-man crew always oriented in the direction of
travel. However, each concept possessed its own strengths and weaknesses
(Bundesarchiv, 1976d).

Kharkiv designers, independently from their Swiss colleagues, arrived at similar
solutions (Mazurenko, Morozov, & Nazarenko, 1987).

The relevance of researching compartmentalization as a fundamental principle for
designing specialized vehicles has not diminished since the 1970s; rather, it has gained
critical importance in light of the analysis of modern armed conflicts. The experience
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of combat operations in recent decades irrefutably demonstrates that ammunition
stowage hit remains one of the primary causes of the irreversible loss (catastrophic kill)
of armored vehicles along with their crews, negating any advancements in firepower,
protection, and mobility.

Research Methods.

This study, based on an analysis of archival materials from the Swiss Federal
Archives (Bundesarchiv) in Bern, an examination of the technical documentation of
the NKPZ projects, the personal diaries of A. A. Morozov, industry literature, and a
retrospective overview of the development of global tank design during the 1970s—
1980s, attempts to objectively determine the conceptual similarity of engineering
solutions developed by two leading schools of vehicle engineering that evolved in
conditions of mutual informational isolation. Key aspects of implementing the
principles of compartmentalization and system ranking by survivability into the
practice of designing specialized vehicles are identified.

A comparative analysis of the design solutions and layout schemes of the vehicles
under investigation is conducted. The comparative analysis of conceptual similarity is
based on six operational criteria derived directly from the primary sources:
(1) functional compartmentalization into mutually isolated volumes, (2) location of the
crew in a rear armored capsule, (3) use of the engine compartment as an additional
ballistic barrier, (4) incorporation of blow-off panels for ammunition compartments,
(5) ranking of systems by their contribution to survivability, and (6) alignment of the
direction of travel with the primary direction of fire. Each criterion was assessed using
a binary scale (present/absent) or a three-level scale (fully/partially/not present). The
possibility of direct knowledge transfer was examined by comparing the timelines of
the Swiss and Soviet/Ukrainian projects and by checking archival evidence of any
technical exchange. The complete absence of such evidence, combined with the
identical sequence of conceptual decisions, supports the hypothesis of parallel
independent evolution.

Comparing the implementation of compartmentalization concepts in Europe and
Ukraine reveals the distinctive characteristics of national engineering schools while
simultaneously confirming the convergent nature of global tank development, where
similar tactical-technical challenges generate isomorphic technical solutions
irrespective of political boundaries. The comparison of the development stages of the
prospective tank protection concept in Switzerland and Ukraine is carried out with
mandatory consideration of the specific developmental context of their respective
industrial complexes. Collectively, this allows for a well-reasoned rejection of the
hypothesis of direct borrowing and substantiates the thesis of a parallel, independent
formation of an identical protective paradigm.
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Results and Discussion.

The concept of compartmentalizing the internal volume of a combat vehicle as a
fundamental principle for ensuring survivability was first proposed in the U.S. Army
Ordnance Corps technical report «New Tank Main Armament Systemy, in connection
with the introduction of completely combustible cartridge cases. Developers
encountered a fundamentally new threat: the use of combustible cases, while
effectively solving the problem of ejected spent cases inside the turret, created a critical
danger of catastrophic fire and detonation of the entire ammunition stowage upon
armor penetration. The report explicitly stated that «a perforated hit which results in a
propellant fire is a holocaust», a circumstance demanding fundamentally new
approaches to ammunition stowage and protection (Watervliet Arsenal, 1959).

American engineers proposed placing the entire ammunition load in a turret
bustle, separated from the crew compartment by an armored bulkhead. This solution,
as emphasized in the document, would "isolate the fire hazard" and minimize the
probability of crew casualty in the event of detonation. The design stipulated that in
case of ammunition ignition, overpressure would be vented through special blow-off
panels, directing the explosive energy outward rather than into the fighting
compartment. This concept, first documented in the 1959 report, became the
foundation for the subsequent development of the compartmentalization idea.

What is Compartmentalization?

The core requirement of compartmentalization mandates the strict separation of
the crew, weapon system/ammunition, and engine/fuel into isolated compartments. As
noted by K+W, a tank being developed for service entry by 1985 must no longer be
subject to the destructive consequences of a projectile hit resulting in crew loss and the
catastrophic kill of the vehicle. Participants (Bundesarchiv, 1976¢) were shown a
photograph of a T-54 tank from the 1973 Yom Kippur War, its turret separated from
the hull by an ammunition hit. All tanks currently in service or being accepted for
service, including the Leopard 2, are susceptible to such catastrophic failures. Such an
ammunition hit also has a devastating effect on the morale of other tank crews. This is
arguably the most significant weakness of modern tanks, and the pursuit of its
mitigation substantially influenced the approach to selecting the final vehicle concepts.

The primary objective was to enhance the tank's combat effectiveness, but only in
aspects that would not lead to a significant increase in cost. Studies indicated that the
greatest increase in combat value regarding protection could be achieved by dividing
the internal space into isolated compartments (compartmentalization). This involves
partitioning the tank into, for example, three compartments: the engine compartment,
the weapon and ammunition compartment, and the crew compartment. The crew is
isolated from all elements that could threaten them upon a hit, such as ammunition,
fuel, and hydraulic fluid (Fig. 1, 2).
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Figure 1. Example of NKPZ chassis compartmentalization (Bundesarchiv, 1976b).
1 — fuel compartment, 2 — transmission compartment, 3 — engine and auxiliary
systems compartment, 4 — crew compartment, 5 — ammunition compartment.

Figure 2. Example of NKPZ chassis compartmentalization, top view (Bundesarchiv,
1976b).

Compartmentalization ensures the maximum possible protection against even
current and future munitions. It simplifies the loading process, as ammunition is stowed
near the gun. Compartmentalization gives the crew the necessary confidence in their
weapon system, as they perceive a chance of survival in combat even against a
numerically superior enemy. All these considerations led to the formulation of the
Basic Requirements and General Technical Specifications; among all the investigated
variants, only two concepts satisfied these criteria.
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An example illustrating the advantages of compartmentalization is the use of
diesel fuel as a filler in composite armor. It was established that a two-layer armor array
with a diesel fuel interlayer not only effectively attenuates a shaped charge jet (with a
jet attenuation factor of K = 2.7) but also provides a significant weight saving in
protection — approximately 71% compared to monolithic steel (Gadzhibalaev Lubert,
Fenenko, & Chernomurov, 1982).

Concept Selection to Maximize the Advantages of Compartmentalization.

Description of the Turretless (Casemate) Tank Concept with Twin Guns
(Variant 13f).

Variant 13frepresented a turretless (casemate) layout with a rear-mounted power
pack and a twin-barreled gun system. In this concept, the main armament was rigidly
attached to the hull, lacking the ability for independent horizontal traversal — a
fundamental departure from the classic turreted configuration. The twin-gun system,
in turn, was viewed by the developers as a means to radically increase the probability
of target engagement through salvo firing, theoretically offering a 10-20% advantage
in target kill probability compared to single-gun systems. The K+W designers also
identified other advantages in this solution: if one gun was disabled, combat
effectiveness could be maintained with the second barrel, thus providing a degree of
redundancy; the alignment of the direction of travel and the direction of fire simplified
crew orientation on the battlefield. However, this particular variant generated the
greatest number of unresolved technical issues, which ultimately predetermined its
rejection in favor of the alternative Concept 23a. Critically unresolved problems
included the compatibility of the turretless configuration with Switzerland's hilly
terrain, the difficulty of maneuvering a unit of such vehicles due to the inability to
rapidly re-target the guns without turning the entire hull, and the requirement for high-
precision stabilization of the twin weapon system in elevation, which demanded the
development of fundamentally new and costly fire control systems.

The persistence of these problems, combined with the opportunity to examine a
functioning full-scale mock-up of a similar turretless vehicle, the VT 1-1, in West
Germany (Hilmes, 2021, p. 34) — which demonstrated the practical difficulties of
implementing the concept — led the developers to favor the more conservative yet more
realistic partially-traversable turret variant. Nevertheless, the very fact that the
turretless configuration was explored in such depth testified to the readiness of Swiss
engineers to fundamentally rethink established tank design paradigms in favor of
maximizing crew protection — the primary priority underpinning the NKPZ project.

However, the concept had critical drawbacks. The most technically challenging
problem was the need for highly precise vertical stabilization of the weapon system.
Tactically, questions remained unresolved regarding the suitability of the turretless
layout for Switzerland's hilly terrain, the lack of established tactics for maneuvering
units of such vehicles (due to the hull-mounted guns), and doubts about the feasibility
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of target tracking procedures. A significant disadvantage was the near-complete loss
of combat effectiveness if the chassis was damaged, as well as the necessity of
maneuvering the vehicle to bring suppressive fire from secondary weapons to bear.

Compartmentalization (Fig. 3, 4) is used as one of the key evaluation parameters
in the design and assessment of the new tank. This requirement appears both in the list
of basic troop requirements and in the evaluation tables for each specific variant
(including Variant 23a), featured as a separate line item among the tank's combat
characteristics (Fig. 3, 4). For each variant, the Kompartimentierung line indicates "ja"
(yes), "nein" (no), or for some, "teilweise" (partially).
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Figure 3. Comparative tables of characteristics for the 30 vehicle concepts
considered (Bundesarchiv, 1976d). In the tables comparing dozens of tank concepts,
"Kompartimentierung" is listed as a separate evaluation criterion.
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Figure 4. Comparatlve tables of characterlstlcs for the 30 Vehlcle concepts
considered (Bundesarchiv, 1976d). In the tables comparing dozens of tank concepts,
"Kompartimentierung" is listed as a separate evaluation criterion.

Description of the Partially-Traversable Turret Tank Concept (Variant 23a).
The overall concept is characterized by the strict division of the internal space into
three compartments: Engine compartment at the front — Weapon and ammunition
compartment in the center — Crew compartment at the rear. This results in a limitation
of the turret's horizontal traverse sector from the conventional +360° to £130°, which

was considered acceptable given the vehicle's equal mobility in forward and reverse.
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The front engine placement also provided additional protection for the weapon system,
ammunition, and crew (Fig. 5).
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Figure 5. NKPZ Chansard Variant 23a (Teildrehbarer Turm - partially traversable
turret).

Placing the entire ammunition load in the weapon and ammunition compartment
allows for a relatively simple and reliable autoloader. The enclosed weapon and
ammunition compartment is equipped with blow-off panels (covers) on the top and
bottom to vent explosive pressure. In the event of an ammunition hit, these panels open
under the resulting overpressure, which should practically prevent the destruction of
both the crew compartment and the engine compartment. The entire 3-man crew,
consisting of the commander, gunner, and driver, is housed together in the crew
compartment.

This arrangement also simplifies crew interaction and consolidates crew
protection systems (psychological advantages, NBC protection and air conditioning).
Furthermore, the driver's placement allows for unlimited forward movement (in
combat) and reverse movement (during redeployment) without direction from the
commander, so that even in a delaying action, the most heavily protected side can
always be presented to the enemy (Bundesarchiv, 1976a). Since the entire crew is in a
single compartment, NBC protection and sound insulation are simplified. Additionally,
there is no need to extract propellant gases, and there are no fire-prone elements, such
as hydraulics, within the compartment.
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Table 1. Comparison of Characteristics for NKPZ Variants 13f and 23a (Based on

Bundesarchiv, 1976d)

Characteristic / Criterion

Variant 13f
(Turretless/Casemate)

Variant 23a (Partially-
Traversable Turret)

Partially-traversable turret

Overall Layout Turretless (casemate) ©130°)
Engine Location Rear Front
Crew Compartment Location Front/Center Rear
ament Twm guns (pgld hull mounting, | Single gun (in traversable
vertical stabilization) mount)

Crew Size & Orientation

3, in hull facing direction of
travel

3 (commander, gunner, driver
together in rear capsule), facing
direction of travel

Ammunition Stowage

Isolated compartment near guns

Isolated compartment in center,
equipped with blow-off panels

(top/bottom)
Autoloader Yes Yes
Compartmentalization Yes Yes
"Schutz durch Motor"
Maximize crew protection via (protection by engine); front
Protection Philosophy isolation; engine at rear reduces | engine acts as additional barrier;

frontal vulnerability

crew receives maximum
protection in rear

Mobility Characteristics

Equal forward/reverse mobility

Key Advantages

- 10-20% higher hit probability
with twin guns

- Gun redundancy

- Simplified orientation
(direction of travel = direction
of fire)

- Simplified layout with rear
engine

- Reduced thermal signature
(engine at rear)

- Uses conventional turret
tactics

- Immediate target engagement
without turning hull (within
+130°)

- Frontal protection enhanced
by engine compartment

- Simplified crew
communication and NBC
protection (all in one
compartment)

- Simple ammunition resupply
via rear hatch

Key Disadvantages / Challenges

- Unsuitable for hilly terrain
(cannot engage without turning
hull)

- Complex and costly vertical
stabilization required

- Difficult unit-level tactics (all
guns point same direction)

- Loss of chassis = loss of
combat effectiveness

- Complex target tracking

- Driver placement in rear
(unconventional)

- Thermal signature at front

- Crew requires protection from
rear attacks

- Limited turret traverse

- Front armor must be partially
dismantled for engine access

- Thermal disturbance affecting
observation/sighting
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Historical analysis of the Swiss projects shows that by the mid-1970s a stable
consensus had emerged among military and technical experts regarding the
vulnerability of classical armored vehicle designs. The Swiss projects examined here
became indicators of a shift in tank design philosophy: from focusing on firepower and
frontal armor to the problem of crew survivability. Turning to procedural aspects, by
November 1976 the Swiss NKPz project already had a formalized list of "Basic
Requirements" (Bundesarchiv, 1976d), in which the principle of "Separation of crew,
weapons/ammunition, and engine/fuel" was placed first. Compartmentalization in
Switzerland proved not to be an engineering abstraction but a direct consequence of a
military veto on a "simple tank": "The troops need a counter-strike tank that is
technically equal or superior to the enemy. A simple battle tank, even if there were
more of them, is rejected by the troops." The priority of crew protection was elevated
to an inviolable tactical principle precisely under pressure from the end users, not from
the developers. The significance of the NKPz lies in the fact that Swiss engineers
translated the survivability problem into formal tactical-technical requirements. The
strict ranking of protection (crew — ammunition — armament) recorded in the "Military
Framework Requirements Specification" remained unchanged throughout the entire
project period, marking a transition from the paradigm of "impenetrable armor" to the
paradigm of structural survivability: the main task becomes not to prevent a hit, but to
localize its consequences.

Compartmentalization in Ukrainian Vehicles Designs Incorporating the
Concept of Ranking Primary Systems by Contribution to Survivability.

During approximately the same time period, the idea of compartmentalization was
first proposed in the former Soviet Union at the Kharkiv Design Bureau by
A. A. Morozov. It is appropriate here to quote an entry dated 1972:

«In our opinion, one of the main shortcomings of the existing 'classical
scheme' of the tank, which essentially creates all the obstacles to the further
enhancement of its tactical-technical characteristics, is the imperfection of its
fighting compartment design. It resembles a very cramped one-room apartment
or a soldier's duffel bag, in which the crew is squeezed in among the weapons,
fuel tanks, ammunition stowage, various mechanisms, linkages, wiring, and
numerous other devices and components, some of which pass through en route to
the engine-transmission compartment. Furthermore, all of this moves, rotates,
emits smoke, is a source of noise and injury, presents an explosion and fire
hazard, creates crew isolation, complicates crew evacuation from the tank, fails
to provide basic conditions for work and habitability, and much more.

In the proposed layout, the so-called fighting compartment of the tank is
subjected first and foremost to a fundamental change, by dividing it into separate,
mutually isolated, independent compartments: fuel, ammunition, armament, crew
compartment, and engine-transmission compartment.
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Thus, while the layout of a modern tank of the "classical scheme" essentially
divides the tank into two separate compartments — the engine-transmission
compartment and the fighting compartment — the proposed layout scheme already
provides for 5 sealed compartments: engine-transmission compartment,
ammunition compartment, crew compartment, fuel compartment, and armament»
(Chernyshev, 2007).

Within the design criteria of the ideology described above, a preliminary design
for the tank «Object 450» was developed. Work continued in the second half of the
1970s by A. I. Mazurenko, E. A. Morozov, and others.

Ukrainian engineers, analyzing the experience of World War II and post-war
conflicts, concluded that a fundamental revision of the classical layout, which had
dominated global tank design for decades, was necessary (Gnedash, Mazurenko, &
Morozov, 1991). In their view, the critical flaw of the traditional scheme was the lack
of logic in the distribution of vulnerable volumes: ammunition and fuel were dispersed
throughout the hull, making their involvement nearly inevitable upon armor
penetration, leading consequently to catastrophic detonation or fire. The solution was
seen in creating a layout where tank systems would be ranked according to their
contribution to combat effectiveness, and their level of protection would correspond to
this rank (Mazurenko, Morozov, & Nazarenko, 1987).

I 3 -t 4 ] 5 6

Figure 6. Variant of a non-traditional tank layout scheme with two guns. Author's
reconstruction based on source (Apukhtin, Mazurenko, Morozov, & Nazarenko,
1980): 1 — hull armor, 2 — transmission compartment, 3 — fuel compartment, 4 —
engine compartment, 5 — crew compartment, 6 — ammunition compartments with

loading mechanism.

Description of the Turreted Tank Concept with Two Guns.

Structurally, the tank follows an unusual scheme featuring division into isolated
compartments and a rotating weapon platform. The hull is divided into transmission,
fuel, engine, and crew compartments. The main feature is the placement of the two-
man crew in a stationary armored capsule in the rear part of the hull. Around this
capsule rotates a platform with heavy frontal armor and two guns. This not only
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removed the crew from the "carousel" of rotation but also eliminated the main
weakened zone of the classical turret — the gun mounting apertures, which traditionally
constitute the most poorly protected area of the frontal aspect (Hilmes, 2021, p. 29).

Beyond firepower superiority, the proposed layout, with guns and autoloaders
located in side compartments, fundamentally solves the problem of tank survivability
and crew safety. In this scheme, the ammunition load is completely isolated from the
crew and located outside the main armored volume. Even in the event of ammunition
detonation in one compartment, the explosion energy is directed outward, preventing
the catastrophic loss of the vehicle and crew fatalities. Moreover, the disablement of
one of the two independent autoloaders does not deprive the tank of its ability to fire —
engagement can continue from the undamaged gun, ensuring high combat resilience.

Considerable attention in the project was devoted to crew working conditions and
control automation. Both crew members (commander-gunner and driver) are seated in
an ergonomic capsule with enhanced radiation protection and air conditioning. They
are always facing the front of the vehicle, maintaining spatial orientation regardless of
turret position. Fire and mobility controls are duplicated and integrated into unified
consoles with displays, allowing either operator to perform the other's functions. All-
around vision is provided by screen-type devices based on fiber optics. Reducing the
crew to two, combined with locating armament and ammunition outside the habitable
compartment, not only reduces vehicle weight and dimensions but also creates
prerequisites for a fully automated combat system of the future.

- Zr=auil
227 E T T T | o

Figure 7. Variant of a non-traditional tank layout scheme. Author's reconstruction
based on source (Gnedash, Mazurenko, & Morozov, 1991).
1 — fuel compartment, 2 — engine-transmission compartment, 5 — ammunition
compartment with loading mechanism, 6 — crew compartment.

Description of a Turreted Tank Concept with a Non-Traditional Layout
Based on Combat Property Ranking.

Analysis of the evolution of tank design shows that the layout scheme first
implemented in the T-34 tank became classic for decades. Its key features — front
location of the driver's station, central placement of the fighting compartment in a
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rotating turret, and rear location of the engine-transmission compartment — provided a
successful balance of firepower, protection, and mobility for its time. However, the
constant growth in tactical-technical characteristics has exacerbated the internal
contradictions of the classical scheme. Increased mass negatively affects mobility,
caliber growth complicates ammunition and crew placement in the turret, and the
pursuit of enhanced protection conflicts with volume and weight constraints. This
necessitates the search for fundamentally new layout solutions departing from
established canons.

«Over 10 years,  understood the weak points, or rather the 'dead-end’ points
of the modern tank, which cannot be 'cured' through modernization, but which
are amenable to 'treatment’ through a fundamentally new layout scheme,» noted
the project developer (Mazurenko, 2015).

As one possible direction for overcoming these contradictions, a non-traditional
layout scheme is proposed, based on the longitudinal division of the tank hull into five
functionally isolated compartments. From front to rear, they are arranged in the
following sequence: fuel compartment, power pack compartment, main armament
compartment (turret with gun), autoloader compartment with ammunition stowage, and
finally, the crew compartment. This linear arrangement allows for the implementation
of the layered protection principle, where each subsequent compartment is shielded by
the preceding ones, and their armor protection level increases in proportion to the
combat significance of the components housed within.

The key advantage of this scheme is the radical enhancement of tank survivability
(Hilmes, 2021, p. 41). The fuel compartment, with minimal protection, absorbs the
initial impact of the most prevalent weapon types, shielding the power pack. The
placement of two engines with independent transmissions for each of the four track
runs allows the vehicle to retain mobility even if part of the power pack or running gear
is damaged. The autoloader, protected by three front compartments, is fitted with blow-
off panels in the floor in case of ammunition detonation to vent explosive energy,
minimizing hull damage. The crew compartment, located in the most heavily protected
rear section, receives 2-2.5 times thicker armor than the front compartment, ensuring
an unprecedented level of personnel survivability even upon hull penetration.

Thus, the proposed layout provides a differentiated level of protection in strict
accordance with the significance of each element: the least critical systems (fuel) shield
the more important ones (engine, ammunition), while the crew receives the maximum
possible protection. This approach allows for a high probability of maintaining tank
combat effectiveness under intense fire without a proportional increase in armor mass.
Implementing this scheme requires an integrated design approach from the earliest
stages; however, it is precisely this departure from classical solutions that opens the
path to resolving accumulated problems and creating a tank with a fundamentally new
level of combat effectiveness and survivability.
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Figure 8. Schematic diagram (plan view) of a tank with sequentially arranged
compartments (Mazurenko, Morozov, & Nazarenko, 1987)

1 — front plate; 2 — fuel compartment; 3 — fuel bulkhead; 4 — engine compartment; 5 —
engine bulkhead; 6 — fighting compartment; 7 — ammunition stowage bulkheads; 8 —
ammunition stowage compartments; 9 — crew compartment bulkhead; 10 — crew
compartment; 11 — engagement angle for the most powerful weapons a.

The concept proposed by the Kharkiv designers was based on a strict ranking of
systems in descending order of their importance for maintaining combat effectiveness.
According to this approach, the highest priority (protection coefficient K=1.0) was
assigned to the crew, whose incapacitation meant the total loss of the tank. Following
this were the ammunition stowage (K=0.9), whose detonation led to catastrophic loss;
the weapon system (K=0.8); the engine-transmission unit (K=0.6); and finally, the fuel
(K=0.5) (Mazurenko, Morozov, & Nazarenko, 1987). Based on this ranking, a layout
scheme was developed in which five isolated compartments were arranged sequentially
along the vehicle's longitudinal axis, with protection levels increasing from the front to
the rear: the fuel compartment, the power pack compartment, the autoloader
compartment with ammunition stowage, and finally the crew compartment in the rear
(Gnedash, Mazurenko, & Morozov, 1991). This configuration, a form of "layered
protection," ensured that more important systems were shielded by less important ones.
Fuel, having the lowest priority, acted as an additional barrier to protect the engine,
while the engine and autoloader shielded the crew. Furthermore, the design
incorporated blow-off panels in the floor of the ammunition compartment to vent
pressure during detonation, directly echoing American developments from the late
1950s (Watervliet Arsenal, 1959).

The historical analysis conducted demonstrates that the principles of
compartmentalization and layered protection, developed in the 1970s—1980s, represent
not a random historical phenomenon but a fundamental regularity whose significance
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only increases in the context of modern armed conflicts. Thus, T. Giurgiu and
colleagues (Giurgiu, Virca, Grigoras, & Nastasescu, 2023) directly point to the
evolution of the protection concept: from the classic «iron triangle» (armor —
firepower — mobility) to the primacy of survivability in the face of fundamentally new
threats. The widespread use of unmanned aerial vehicles has transformed traditional
all-around protection into hemispherical protection, where top cover is critically
important. This fully aligns with the main conclusion of our study: it was precisely the
threat of crew casualties and catastrophic vehicle loss, demonstrated by the Yom
Kippur War, that became the driver for the appearance of isolated compartments in the
K+W and Kharkiv design bureau projects.

Moreover, the critical importance of crew survivability, foundational to the Swiss
and Ukrainian layouts, today acquires new, deeper economic and operational
justification. A. Kumar and S. Sahu (Kumar & Sahu, 2025), using India as an example,
demonstrate the paradox of the modern arms race: attempts to protect 50-ton vehicles
from swarms of cheap drones and tandem warheads lead to a disproportionate increase
in tank cost. Resources are spent not on enhancing lethality but on survivability, calling
into question the operational value of heavy armored vehicles. This conclusion directly
resonates with the key requirement of the NKPZ project — increasing combat
effectiveness without a significant cost increase — where compartmentalization was
seen as the most effective way to achieve this. The principle articulated by the Kharkiv
designers gains even greater significance today: the loss of a trained crew in the
conditions of a "transparent battlefield" becomes even more critical than the loss of the
most expensive vehicle.

Finally, the conceptual similarity between the Swiss and Ukrainian solutions,
identified in our study, finds confirmation in contemporary forecasts for the
development of tank design. A. Gat (Gat, 2023) asserts that ground forces stand on the
threshold of a revolution — a transition from kinetic protection (heavy armor) to
electronic protection, where active protection systems become the foundation. He
draws a direct analogy with the decline of the era of heavy battleships, which gave way
to aircraft carriers. However, our historical analysis shows that this transition would
not have been possible without conceptual groundwork. It was the principle of
compartmentalization that first allowed the engine, fuel, and ammunition to be
considered not merely as vulnerable points, but as part of a layered protection system
that absorbs the impact and gives the crew a chance of survival. In this sense, Gat's
ideas about the inevitability of implementing active protection systems are not a
rejection, but a direct continuation and development of the philosophy that originated
in the 1970s in Switzerland and Ukraine. Passive compartmentalization, supplemented
by active threat interception, represents the synthesis that will enable the creation of a
specialized vehicle combining high protection with operational flexibility, as also
discussed by Kumar & Sahu (2025), who advocate for the development of lighter and
more networked systems.
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The conceptual breakthroughs achieved by the Swiss and Kharkiv design schools
in the 1970s were not isolated events. They reflected a broader and growing recognition
within the international military-technical community that the traditional layout of
armored vehicles had reached a fundamental impasse. As explicitly stated in the
U.S. Army Test and Evaluation Command document Armored Vehicle Vulnerability
to Conventional Weapons (TOP 2-2-617, 1975), “the three major concerns in
vulnerability analysis are: protection of the crew, protection of vehicle mobility, and
protection of firepower. Of particular concern in this regard is protection against
detonation of stowed ammunition and uncontrolled burning of the fuel, for if either
occurs, the results could be catastrophic” (p. 2). Compartmentalization, as developed
in Switzerland and Kharkiv projects, directly addressed this threat. By isolating the
crew in a rear capsule, separating the ammunition stowage with blow-off panels, and
using the engine and fuel compartments as additional barriers, the new layout made it
possible for a vehicle to suffer a mobility or firepower kill without inevitably
progressing to a catastrophic kill.

This logic resonates with the observation that “when damaged, it is desirable to
repair those components that are fairly vulnerable and, when damaged, have a serious
effect upon the firepower or mobility of a vehicle” (TOP 2-2-617, p. 5). The ability to
survive a hit, evacuate the crew, and possibly repair the vehicle became a deliberate
design goal rather than an afterthought. The continuity of this engineering philosophy
is demonstrated by the later development of ammunition compartmentation in the
U.S. Abrams tank. As reported by Conant (2013), “the U.S. Army Research
Laboratory, then the Ballistics Research Laboratory, developed effective ammunition
compartments in the past, to include the development of the Abrams bustle
compartment back in the 1980's. This success was achieved primarily through
extensive test and evaluation” (para. 2). The fundamental principle remained
unchanged: separating the ammunition from the crew and providing venting for
explosive pressure. Conant further notes that “when hit with large hostile fire weapons,
internally stowed ammunition may react resulting in catastrophic loss of life and
system” (para. 1). This statement echoes almost verbatim the concerns raised by Swiss
and Ukrainian designers a decade earlier. Moreover, the 21st-century research
described by Conant demonstrates a direct methodological lineage from the
compartmentalization experiments of the 1970s. The Army Research Laboratory is
now “developing modeling and simulation methodologies to improve the survivability
of combat fighting vehicles beginning with hypotheses synthesis and phenomenology
studies underpinned by experimentation” (Conant, 2013, para. 4). The enduring
relevance of compartmentalization is further underlined by the observation that “as the
Army modernizes its fleet, effective ammunition compartmentation will again be
needed to ensure vehicles and crew members survive hostile fires” (Conant, 2013,
para. 3).
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Conceptual Similarity of Solutions from Two Leading Engineering Schools.

The comparative analysis conducted of design materials from the Kharkiv KB-
60M and the Swiss K+W during the period of the 1970s—1980s reveals not a mere
coincidence of individual technical solutions, but a profound conceptual kinship of
engineering thought that emerged under conditions of complete informational isolation
and the absence of direct experience exchange. Both schools, starting from the analysis
of the same tragic lessons of the Yom Kippur War (1973) — where ammunition hits led
to the catastrophic destruction of vehicles along with their crews — independently
arrived at the conclusion that a change in the layout paradigm was necessary. The
similarity 1is evident on three key levels: protection philosophy, structural
implementation, and functional ranking of internal systems.

Figure 9. Comparison of side profiles of the Chansard variant 23a (Switzerland) and

the tank with a non-traditional layout scheme based on combat properties ranking
(Ukraine).

First, both engineering schools rejected the traditional augmentation of frontal
armor thickness as the sole or primary means of enhancing protection. Instead, they
adopted the principle of compartmentalization as the foundation — that is, the strict
functional division of the vehicle's internal volume into sealed and mutually isolated
compartments. In the K+W documentation, this principle is established as a separate
mandatory criterion for evaluating combat characteristics ("Kompartimentierung:
ja/mein"), while in A. A. Morozov's diaries, it is justified by the necessity to abandon
the traditional cramped fighting compartment, where the crew is confined among
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explosive and fire-prone elements. Both Swiss and Ukrainian designers aimed to
ensure that a fire or ammunition detonation in one compartment would not lead to the
guaranteed destruction of the crew and the catastrophic loss of the entire vehicle.

Second, a structural similarity is observed in the arrangement of key elements.
This is most strikingly evident when comparing the Swiss Chansard 23a variant and
the line of Ukrainian designs (from the preliminary design «Object 450» to later
concepts documented in articles by A. I. Mazurenko. Both concepts place the crew
(three in the Swiss design, two in the Ukrainian scheme) in an isolated compartment in
the rear of the vehicle. The rear location of the crew compartment was deemed optimal,
as it provided maximum protection from the main direction of combat (the front) due
to shielding by the power pack and fuel compartments, and also facilitated evacuation.
In both cases, the engine (in Switzerland — at the front; in the Ukrainian concept — in
the center or front) serves not only as a power source but also as an additional barrier
(German: Schutz durch Motor), absorbing penetrating elements. Both solutions
stipulated that a mobility kill was preferable to a catastrophic kill.

Third, and most importantly, a unified approach to handling the ammunition load
is evident. The Swiss variant 23a provided for the placement of the entire ammunition
load in an isolated weapon compartment, separated from the crew by an armored
bulkhead, with this compartment being mandatorily equipped with blow-off panels
(covers) to vent explosive pressure outward. Ukrainian developments went even
further in detailing this principle. In the concepts based on combat property ranking,
the ammunition load (K=0.9 in significance) is not merely isolated but is also layered
in accordance with the concept of ranking primary systems by their contribution to
survivability: it is positioned behind the engine (K=0.6) and fuel (K=0.5), which absorb
the primary impact. At the same time, in the Ukrainian projects, the ammunition
compartment is also equipped with blow-off panels, representing a direct development
of ideas first documented in the American Watervliet Arsenal report (Watervliet
Arsenal, 1959).

Finally, both schools arrived at an understanding of the need to synchronize the
direction of travel and the primary direction of fire to simplify crew operations. In the
Swiss variant 23a, the driver, commander, and gunner are located in the rear
compartment and are always oriented in the direction of travel (forward), regardless of
the turret's position. In the Ukrainian twin-gun concept with a rotating platform, the
crew in the stationary capsule is also always facing the front of the vehicle, preserving
spatial orientation and reducing psychophysiological load. This similarity
demonstrates a shared understanding of combat ergonomics: personnel should not
become disoriented when the turret rotates or when firing to the rear.

Thus, the commonality of engineering thought manifested in the developments of
two isolated schools convincingly demonstrates that the principles of
compartmentalization and layered protection are not a random or localized invention,
but an objective regularity in the evolution of armored vehicles. The prioritization of

312


https://www.hst-journal.com/

https://www.hst-journal.com Icmopia nayku [ mexuiku 2026, mom 16, sunyck 1
e-1SSN 2415-7430 p-ISSN 2415-7422 History of science and technology, 2026, vol. 16, issue 1

crew survivability over firepower and mobility, achieved through volume separation
and system ranking, became the conceptual bridge connecting Swiss pragmatism and
the Ukrainian engineering school in the quest for the tank of the future. Ignoring these
principles when defining requirements for the development of advanced vehicles, as
occurred with the «Boxer» R&D project in 1979 (The State Archive of Kharkiv
Region, 1979), ran counter to the conclusions already reached by the science of the
industry.
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Anapii Tapacenko
[TiBneHHOYKpaTHCHKUI HaI[lOHATbHUIM neAaroTYHuM YHIBEPCHUTET
imeni K. JI. Ymuncbkoro, Ykpaina

KomnaprmenTasizanisi Ta paH:KyBaHHSA cHCTeM K (yHIAMEHTAJbLHI BUMOI'H /10
NPOEKTYBAHHA CleNiaJIbHUX MAIUH: YKpaiHa, llIBeinapis

Anomauia. Ilowupenus oewesux FPV-Oponie 0okopinno 3MiHUNO xapaxmep
3a2po3 0151 OCHOBHUX OOUOBUX MAHKIG, GUCYHYBUIU HCUBYUICIb eKINAXNCY SIK 207I06HULL
Kpumepiii NpOEKMYBAHHA MA 3YMOBUBWU HEOOXIOHICMb nepeisdy ICIMOPUYHUX
KOHYenyi 3axucmy. Y ybomy 00Caiodicenti Ha 0CHOBI NOPIBHSIbHO20 AHANIZY APXIGHUX
mamepianie Lllgetiyapcokoeo pedepanvro2o apxiey ma po3ceKpeyeHux memamuyHux
BUOAHb PAOAHCLKO20 Nepiody, a MAKON’C UWOOEHHUKOBUX 3aNUCI8 YUACHUKIE PO3POOOK
NPOCMENCEHO HE3AIeHCHEe BUHUKHEHHSI NPUHYUNY KOMINApMMeHmanizayii (nooinenns
MAWUHU HA [301608AHI 00UH 810 0OHO20 CAMOCMIUHI 8I0CIKU) Y WBEUYAPCHKIU ma
VKpaiucokiti  wkonax maukooyoyeauns 6 1970-1980-x pokax. Pezynomamu
0eMOHCMPYIOMb, WO 00UOBI [HICEHEepHI WKOIU, peazyrodu HA KamacmpoQiuui
empamu maukis y giini Cyonozo ous 1973 poky, He3anexcHo 00Ha 8i0 0OHOT Oiiuiiu
NPAKMUYHO [OEHMUYHUX PIUleHb, He38aXCalouu Ha NO6HY iHhopmayitiny izonayi. YV
weetiyapcokomy npoekmi NKPZ « Kompartimentierung» 6yna ogiyitino 3axpiniena sik
0008's13K08Ull OYIHOYHUL Kpumepil, [ quwe 08I KoHyenyii 3abes3neuysanu NnosHe
@izuune po3zoinenns exinasxcy, Ooenpunacie ma cuiogoi ycmanosku. Boonouac
XAPKIBCbKI KOHCMPYKMOPU po3poouiu po30iieHy Ha Gi0CIKU KOMNOHYBAIbHY CXEMY,
3ACHOBAHY HA KIIbKICHOM) DAHICYBAHHI CUCMEM 34 6HECKOM ) JHCUBYUICMb, I3
NPUCBOEHHAM HAUBUUI020 KOeIYyieHma 3axucmy eKinaxicy, po3miujeHoMy 8 Hatloiibu
s3axuuienomy 8iociky. Oouosi WKou He3anNeHCHO OUULTU MPbOX HYHOAMEHMAIbHUX
NPUHYUNIB: POSMIWEHHS eKINAaXiCy 8 130b068aHIl KOPMOGIU KANCYi, 8UKOPUCAHHSA
MOMOPHO20 8I00INEHHS SIK 000AMKOB020 3AXUCHO20 bap'epa ma OCHAWeHHsl 8I0CIKIG
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boenpunacié SUUOHUMU NAHEAMU 0N 8i08e0eHHs eHepeli ubyxy Ha306Hi. Jlanuil
napanenizm po3sumKy 00800Umb, WO KOMAAPMMEHMANI3AYIA mMa pPAaAHHCYBAHHS
cucmem € 00'€KMUBHOIO 3AKOHOMIDHICMIO €BOJIIOYil CneyianbHoi MexHiKU, a He
noxkanvHumu  eunaxooamu. Ce0€4aACHICMb  OO0CTIONCEHHs 3YMOGNEHA MUM, WO
pospooneni 6 1970-x poxax npunyunu KOMNApmMMeHmanizayii ma eueroHo8aHo20
3axucmy exinasicy, 6yoyuu 8ionogioor Ha BUKIUKU C8020 YACY, CbO20OHI HADYBAIOMb
HO8020 38YYAHHA Y CEIMJIE Maco8020 3acmocyeants FPV-opoHie, axi 3Ho8y eucysaroms
npoo.emy Hcugyuocmi OpoHemexHiKu ma 3anooieanus 6e3n080POMHUM MPATNAM.
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bponvosani mawunu, Xonooua Biiina
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