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Abstract: For civil high-speed rotorcraft designed to operate at specific cruising altitudes, this study
proposes nine structural design schemes for pressurized cabins. These schemes integrate com-
monly used materials and processing technologies in the aviation industry with advanced PRSEUS
(Pultruded Rod Stitched Efficient Unitized Structure) technology. An analysis of the structural com-
position reveals that frames constitute 8–19% of the total structural weight, while stringers and beams
make up 15–50%, and skins account for 11–25%, with thicknesses ranging from 1.0 mm to 2.0 mm.
The separating interface of the pressurized cabin contributes 4–29% of the total structural weight.
The weight distribution of each component in the pressurized cabin structure varies significantly
depending on the chosen materials and processing technologies. Utilizing the Analytic Hierarchy
Process (AHP), along with Gray Relational Analysis (GRA) and Dempster–Shafer (D-S) evidence
theory, this study compares the simulation results of the nine schemes across multiple dimensions.
The findings indicate that the configuration combining 7075 aluminum alloy and T300 composite
material has the greatest advantages in terms of the high structural reliability of the configuration,
light weight, mature processing technology, and low production cost. This comprehensive evaluation
method quantitatively analyzes the factors influencing the structural configuration design of the
pressurized cabin for civil high-speed rotorcraft, offering a valuable reference for the design of similar
structures in related fields.

Keywords: high-speed rotorcraft; pressurized cabin; structural configuration design; structural
proportion analysis; analytic hierarchy process (AHP); gray relational analysis (GRA);
Dempster–Shafer (D-S) evidence theory

1. Introduction

The development of helicopters commenced in the early 20th century. With advance-
ments in aviation technology and breakthroughs in critical technologies, the international
community is accelerating the progress and validation of new high-speed rotorcraft pro-
grams [1–3]. High-speed rotorcraft combine the benefits of both rotorcraft and fixed-wing
aircraft, offering efficient mission effectiveness and quick response capabilities. Their poten-
tial in commercial transport has been recognized by developed nations such as the United
States and countries in Europe, presenting vast market prospects [4].

In recent years, international research on high-speed rotorcraft has increased, signifi-
cantly enhancing their cruising altitude and speed. In the civilian market, these advance-
ments pose challenges for existing non-pressurized cockpit designs, which are inadequate
for ensuring airworthiness at higher altitudes or passenger comfort. Consequently, the
early-stage development of pressurized cabin configurations is crucial for overcoming these
technological barriers and has significant implications for engineering applications.
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Currently, a mature design and production system for these technologies has yet to
be established, and research remains limited. Although the U.S.-based Sikorsky company
(Statford, CT, USA) has developed helicopters featuring pressurized cabins, in-depth re-
search in this area is necessary. The expansion of design concepts, technical methodologies,
and practical application cases is limited, making the detailed study of pressurized cabin
designs a pivotal topic for future helicopter design.

In the aerospace field, the continuous refinement of machining processes and the
in-depth exploration of new configurations provide a variety of ideas for the configuration
design of pressurized cabins in civil high-speed rotorcraft [5,6]. At the preliminary design
stage, various loading conditions on pressurized cabins are accurately simulated using
simulation software. This includes data on stress, strain, and displacement. Additionally,
scientific evaluation index systems are established to assess the strengths and weaknesses
of different designs from multiple dimensions [7–14].

This paper presents nine structural configuration designs of pressurized compartments
for civil high-speed rotorcraft operation scenarios. The cutting-edge PRSEUS structural
scheme in the current aviation field is introduced, and the configuration schemes mostly
used in the current aviation field are proposed to provide multiple structural-type ref-
erences for the subsequent structural design of a helicopter’s pressurized compartment.
Through simulation and analysis, as well as the innovative combination of AHP, GRA, and
D-S evidence theories, a new assessment method is introduced for structural scheme evalu-
ation, and the influencing factors of the structural configuration design of the pressurized
compartment of a civil high-speed rotorcraft are quantitatively analyzed, which provides
valuable references for the evaluation of similar schemes in related fields.

2. Introduction to the Structural Configuration of the Pressurized Cabin of
the Rotorcraft
2.1. Research Objective

This paper undertakes the preliminary design of pressurized cabin structural con-
figurations, marking the initial phase of structural design. The objective is to conduct
a multi-dimensional comprehensive assessment of various structural configuration op-
tions and establish a comprehensive evaluation method. This serves to guide subsequent
selections and optimizations of pressurized cabin structures.

The study uses a nine-seat civilian high-speed rotorcraft as a case study for the design
of the pressurized cabin structure. The aerodynamic shape of the rotorcraft is depicted
in Figure 1. The fuselage is simplified into a rectangular box section with a uniform
cross-section. The preliminary structural configuration is designed without considering
aerodynamic loads or bending loads transferred from other parts of the fuselage and wings.
It focuses solely on the pressurized loads of the cabin, floor loads, and the weight of the
structure itself.
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2.2. Structural Program

In the design process, this paper primarily addresses four types of damage scenar-
ios: damage to the skin or stringers (or spars), skin instability, panel instability, and
overall instability.

The pressurized cabin of civil high-speed rotorcraft comprises skin, stringers, frames,
reinforcing frames, and flooring, which are subjected to pressurized loads. Through the
strategic placement of spacer frames, reinforcing frames, and stringers, the pressurized load
is effectively distributed, ensuring that the overall structure meets the design requirements.

2.2.1. Structural Configuration Design of the Pressurized Cabin

Research has demonstrated that thin-walled stringer structures offer the benefits of
lightweight properties, high strength, high structural efficiency, ease of fabrication, and
maintenance advantages compared to thick-skinned structures [15]. Consequently, the
pressurized cabin configuration selected is a thin-walled stringer structure, informed by
prior experience.

The thin-walled stringer fuselage represents a structural form featuring multiple force
transfer paths and high damage tolerance, capable of redistributing loads locally without
causing comprehensive damage to the fuselage structure. The skin and stringers (or spars)
create a reinforced box segment structure. Frames are strategically placed within the box
segments to prevent buckling and maintain the sectional shape of the fuselage.

The configuration parameters refer to the known DC-10, Airbus 319, Boeing 777,
and Boeing 707 civil airliners’ pressurized cabins for the preliminary design of the long
truss, the height of the spacer frame, the thickness, and so on, to establish a preliminary
pressurized cabin configuration through simulation, to analyze the strength and stiffness of
the structure in the multi-loading conditions, and to adjust the configuration parameters so
that they conform to the design of a certain type of helicopter pressurized cabin under the
study of the design requirements.

During the design phase, considerations for potential modifications include the reser-
vation of positions and reinforcement areas for future openings.

2.2.2. Selection of Structural Configuration Options for the Pressurized Cabin

With the rapid advancement of aviation science and technology, enhancements in
model simulation accuracy, innovations in manufacturing technology, and expansion in the
spectrum of aerospace materials, the design of civil high-speed rotorcraft pressurized cabin
structures has diversified. This paper proposes nine different pressurized cabin structure
configurations, evaluating and comparing them across multiple dimensions, including pro-
duction cost, technological maturity and machining process, and structural performance.

Table 1 details the nine civil high-speed rotorcraft pressurized cabin
structural configurations.

Table 1. Pressurized cabin structural design proposals for civil high-speed rotorcraft.

Scheme Material Composition

Scheme 1: The AL7075-AL7075 scheme Aluminum alloy AL7075
Scheme 2: The AL7075-AL2024 scheme Skeleton AL7075/remaining structure AL2024

Scheme 3: The TB6-AL7075 scheme Skeleton TB6/remaining structure AL7075
Scheme 4: The AL2024-T300 scheme Skeleton AL2024/remaining structure T300 composite laminate
Scheme 5: The AL7075-T300 scheme Skeleton AL7075/remaining structure T300 composite laminate
Scheme 6: The AL7075-T800 scheme Skeleton AL7075/remaining structure T800 composite laminate

Scheme 7: The T800-T300 scheme Skeleton T800 composite/remaining structure T300 composite
(PRSEUS structure)

Scheme 8: The T1000-T800 scheme Skeleton T1000 composite/remaining structure T800 composite
(PRSEUS structure)

Scheme 9: The T800-T300 scheme Skeleton T800 composite laminate/remaining structure T300
composite laminate and honeycomb aluminum alloy

Note: PRSEUS is an abbreviation for Pultruded Rod Stitched Efficient Unitized Structure [16].
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3. Finite Element Modeling of Structural Configuration Scheme for Pressurized Cabin

When constructing the finite element model for the structural configuration of the
civil high-speed rotorcraft pressurized cabin, diverse modeling strategies are employed to
address different material and structural characteristics. Scheme 1, Scheme 2, Scheme 3,
Scheme 4, Scheme 5 and Scheme 6 concentrate on modeling alloy and composite materials,
fully considering the characteristics of these materials in terms of force and deformation.
Scheme 7 and Scheme 8 focus on the role of stitching structures in enhancing overall
material properties and improving structural stability, characteristic of PRSEUS. Scheme 9
simulates the material properties and interlayer interactions within each laminate layer,
analyzing the mechanical response of the laminate under various loading conditions,
including pressurized loads.

PRSEUS structures provide enhanced structural load-bearing capacity, higher damage
and flexural resistance, and lightweight characteristics compared to conventional structures.
A typical PRSEUS structure, as shown in Figure 2, consists of dry knitted fibers, pre-
cured pultruded rods, and a foam sandwich material, assembled and co-cured with high-
density stitching, which achieves fiber shear characteristics between structural elements and
continuous load transfer paths [17–20]. Advanced fabrication techniques such as knitting,
resin filling, thickness stitching, and single-sided stitching realize highly integrated PRSEUS
structures [16,21–24].
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Figure 2. Typical PRSEUS structural composition.

Laminates are composed of two or more layers of single-layer panels bonded together.
Typical plywood lay-ups are shown in Figure 3. The sequence and angle of the layers in
these panels can significantly influence the mechanical properties of the laminate. Even
when one or more layers are damaged, the laminate retains the ability to bear loads, thereby
maintaining robust mechanical properties under various loading conditions.
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3.1. Selection of Materials for the Pressurized Cabin Model

Tables 2–4 present the materials and material parameters used in each scheme. This pa-
per details the preliminary design of the pressurized cabin structure, utilizing single-layer
continuous carbon fiber-reinforced prepreg tape for the composite materials. In configu-
rations involving composite materials, the lay-up direction of the composites comprises
40% to 45% of the layers at 45◦ and −45◦ angles, 40% to 45% at 0◦, and 5% to 15% at
90◦. A symmetrical and uniform lay-up sequence is implemented. The composite paving
parameters for each design are outlined in Tables 5–7.

Table 2. Parameters of aluminum honeycomb, pultruded rods, and foam core of frames.

Material Young’s Moduli
E (GPa)

Poisson’s Ratio
µ

Density
ρ (t/m3)

Foam core 0.1448 0.45 0.1
Pultruded rod 126.9325 0.3 1.6

Aluminum honeycomb 4.0600 0.2 0.1

Table 3. Metallic material parameters.

Material Young’s Moduli
E (GPa)

Poisson’s Ratio
µ

Density
ρ (t/m3)

Tensile and Yield Strength
σs and σb (MPa)

Shear Strength
τbs (MPa)

AL2024 71.0 0.334 2.9 460 320 285
AL7075 71.0 0.33 2.7 524 455 150

TB6 104.0 0.33 4.6 1152 893 567

Table 4. Carbon fiber composite material parameters.

Material
Young’s Moduli (GPa) Poisson’s Ratio Shear Moduli

(GPa) Density
ρ (t/m3)

Allowable Strain
(µε)

E1 E2 E3 µ12 µ13 µ23 G12 G23 G13

T300 181.0 10.3 103.0 0.28 0.30 0.28 7.2 7.2 3.8 1.6 3000
T800 195.0 8.6 8.6 0.33 0.33 0.48 4.6 4.6 2.9 1.6 8000

T1000 207.2 22.8 227.6 0.246 0.246 0.532 8.9 8.9 7.8 1.6 10,000

Table 5. Scheme 4–6 composite material ply parameters.

Scheme Component Lamina Lamina Thickness Lay Plate Number Carbon Fiber
Composites

Scheme 4

Upper skin 11 0.12 1 T300
Middle part of the skin 17 0.12 1 T300

Lower skin 11 0.12 1 T300
Separating surface 14 0.12 2 T300

Scheme 5
Skin 13 0.12 1 T300

Separating surface 19 0.12 1 T300

Scheme 6

Upper skin 9 0.12 1 T800
Middle section, Lower skin 11 0.12 1 T800

Separating surface 11 0.12 2 T800
Floors 11 0.12 1 T800
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Table 6. Schemes 7 and 8 composite material ply parameters.

Scheme Component Lamina Lamina Thickness Lay Plate Number Carbon Fiber
Composites

Scheme 7

Skin 8 0.12 1 T300
Separating surface 10 0.12 4 T300

Floors 15 0.12 1 T300
Frame wrapper, tear straps, layer flap 9 0.12 1 T800

Stringer wrapper, tear straps, layer flap 9 0.12 1 T800
Stringer 9 0.12 2 T800

Separation surface wrapper, tear straps, layer flap 9 0.12 2 T800
Separation surface stringer wrapper, tear straps,

layer flap 9 0.12 2 T300

Separation surface stringer 9 0.12 4 T300
Floor beam 9 0.12 2 T800

Floor bottom layer flap, stiffener 9 0.12 1 T800

Scheme 8

Skin 9 0.12 1 T800
Separating surface 14 0.12 2 T800

Floors 8 0.12 1 T800
Frame wrapper, tear straps, layer flap 7 0.12 1 T1000

Stringer wrapper, tear straps, layer flap 7 0.12 1 T1000
Stringer 7 0.12 2 T1000

Separation surface wrapper, tear straps, layer flap 9 0.12 2 T1000
Separation surface stringer wrapper, tear straps,

layer flap 9 0.12 2 T1000

Separation surface stringer 9 0.12 4 T1000
Floor beam 9 0.12 2 T800

Floor bottom layer flap, stiffener 9 0.12 1 T800

Table 7. Scheme 9 composite material ply parameters.

Component Lamina Lamina Thickness Lay Plate Number Carbon Fiber Composites

Skin 10 0.12 1 T300
Separating surface 14 0.12 4 T300

Floors 8 0.12 1 T300
Frame 14 0.12 2 T300

Stringer 8 0.12 2 T800
Stringer layer flap 8 0.12 1 T800

Separation surface stiffener 13 0.12 5 T800
Floor beam 13 0.12 1 T800

Floor stiffener 13 0.12 2 T800

3.2. Mesh Geometry of Pressurized Cabin Structure Configuration

In this paper, the middle fuselage half-mold of this type of rotorcraft is selected
for the structural configuration design of the pressurized cabin. Schemes 1–3 utilize all-
alloy materials, Scheme 9 employs a laminate structure for the composite materials, while
Schemes 7 and 8 adopt a PRSEUS structural design. Hybrid Schemes 4–6 combine alloy
materials with composite laminate structures. Detailed elaborations on Schemes 2, 5, 7, and
9 are provided in this paper.

Scheme 2, an alloy material modeling scheme, utilizes AL7075 and AL2024 aluminum
alloys to examine the influence of metal material properties on model construction. The S4R
and S3R elements are established at the spacer frames, skins, and floors of the pressurized
cabin, while the BAR2 element units are placed at the stringers, beams, and stiffeners.

The mesh geometry of scheme 2 is shown in Figure 4. The frame spacing is determined
by the position of the reinforcing frame, ranging between 390.0 and 480.0 mm. The spacer
frames have a height of 80.0 mm with an average thickness of 5.0 mm, while the reinforcing
frames have a height of 120.0 mm and an average thickness of 6.3 mm. The stringers
are spaced at 180.0 mm with a T-shape design, and the size of the long truss is adjusted
according to the load-bearing requirements. The girders have a height of 100.0 mm and a
thickness of 5.2 mm. The thickness of the front and rear fuselage separating surfaces of the
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pressurized cabin is 7.0 mm, the floor thickness is 2.0 mm, and the skin thickness of the
middle fuselage is 1.7 mm.
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Pressure frames and reinforcement frames for pressurized tanks are placed at intervals
of 785 mm, 1290 mm, 950 mm, and 975 mm. The spacer frames have a height of 80.0 mm
with an average thickness of 4.5 mm, while the reinforcing frames have a height of 120.0 mm
and an average thickness of 7.5 mm. The stringers are spaced at 194.0 mm with a T-shape
design, and the size of the long truss is adjusted according to the load-bearing requirements.
The girders have a height of 110.0 mm and a thickness of 5.5 mm. The thickness of the front
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and rear fuselage separating surfaces of the pressurized cabin is 4.6 mm, the floor thickness
is 1.5 mm, and the skin thickness of the middle fuselage is 1.5 mm.

The mesh geometry of scheme 6 is shown in Figures 6 and 7. Scheme 7 utilizes the
PRSEUS structural concept, which employs a complex design approach that accounts for
the spatial configuration of the woven structure and the technology of stitching connections.
This approach demands high precision and meticulousness in modeling. The components
such as the booster cabin skin, separation surfaces, stringers, bulkhead wrappers, tear
straps, and the cabin floor are modeled using S4R and S3R elements composed of T300 and
T800 carbon fiber composites. The bulkhead’s foam core is modeled as a solid unit using
Rohacell foam, while pultruded rods, made from T800 carbon fiber and 3900-2B resin, form
the BAR2 elements.
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The mesh geometry of scheme 9 is shown in Figure 8. Scheme 9 adopts an all-com-
posite laminate configuration, utilizing T300 and T800 carbon fiber composites. This con-
figuration highlights the multilayer structure of the composite material and demonstrates 
the impact of performance variations between layers on the simulation results. The struc-
ture is meshed using S4R and S3R elements. 

Figure 7. Frame and stringer size for Scheme 7 (unit: mm). (a) Frame size; (b) stringer size.

The spacer frames are spaced between 390.0 mm and 480.0 mm and have a height of
123.0 mm. The stringers are set at 160.0 mm apart with a combined height of 46.9 mm with
the pultruded rods. The separating surface thickness between the front and rear fuselage of
the pressurized compartment is 4.8 mm, the cabin floor thickness is 1.8 mm, and the skin
thickness of the pressurized cabin is 1.0 mm.

The mesh geometry of scheme 9 is shown in Figure 8. Scheme 9 adopts an all-composite
laminate configuration, utilizing T300 and T800 carbon fiber composites. This configuration
highlights the multilayer structure of the composite material and demonstrates the impact
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of performance variations between layers on the simulation results. The structure is meshed
using S4R and S3R elements.
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The ply design is applied to stringers and frames. The spacing of the spacer frames
aligns with the location of the reinforcement frames, ranging from 390.0 mm to 480.0 mm,
with frame heights of 120.0 mm and an average thickness of 3.5 mm. Stringers are spaced
at 164.0 mm with a height of 45.0 mm. The thickness of the separating surface between the
front and rear fuselage of the pressurized cabin is 6.7 mm, the floor thickness is 1.0 mm,
and the skin thickness of the pressurized cabin is 1.2 mm.

3.3. Load Loading and Boundary Conditions

In addressing the performance requirements of high-speed rotorcraft at high altitudes,
the comfort of the passengers within the cabin must be considered, ensuring the internal
environment is maintained at one atmosphere. The focus of load applications is on assessing
the rationality and feasibility of the pressurized cabin configuration under pressurized
loads, gravity, and floor loads, without considering secondary factors such as out-of-limit
loads, vibration, and fatigue.

In this scenario, the boost load and floor load are applied as pressures, while gravity is
modeled as a gravitational field. The conditions for structural load application are detailed
in Table 8.

Table 8. Structural load application conditions.

Load Data Coefficient

Pressurized load ∆P× n× f
Structural gravity M× g× f

Floor load m× g× f

In the table, ∆P represents the pressure difference between the inside and outside of
the pressurized cabin at a specified cruising altitude; n is the coefficient of the maximum
pressurized load the aircraft structure is designed to withstand, set at 1.33; f is the structural
design safety factor, at 1.5; M is the mass of the pressurized cabin’s structure; g is the
acceleration due to gravity; m is the mass of passengers and cargo on the floor.
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With the civilian high-speed rotorcraft cruising at an altitude of 3000 m, the pressurized
cabin load calculations are as follows:

∆P = P0 ×
[

1−
(

1− HP
44, 300

)5.256
]

(1)

P = 1.5× 1.33× ∆P (2)

Here, P0 is the standard atmospheric pressure, HP is the flight altitude, ∆P is the cabin
pressure difference, and P is the pressurized load used in the analysis. The load application
is illustrated in Figure 9, where the weight of a single seat and passenger is 101 kg.
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Figure 9. Structural load schematic diagram.

This paper outlines the preliminary design of a civil high-speed rotorcraft pressurized
compartment structure configuration; the structure does not consider the composite delam-
ination problem, and only the target strength and stiffness are calibrated. In order to make
sure that the mesh size has no effect on the simulation results of the model, we should
perform a mesh convergence analysis on the model because the models have the same
dimensions; therefore, we only perform a network convergence analysis on the pressurized
compartment structure of Scheme 1.

Figure 10 shows the maximum stress values at different mesh scales. The simulation
results show that the stress maps of the PRESUS wall model exhibit similarity at each mesh
scale, and the maximum stress values are all located at the same position. According to the
analysis results, when the mesh size is less than or equal to 20 mm, the calculation results
show a convergence trend. Therefore, this paper adopts 20 mm as the grid size for meshing
the model.
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For this paper, the middle fuselage of a specific rotorcraft is selected for model simplifi-
cation, and the impacts of the front and rear fuselage on the pressurized cabin configuration
are disregarded. Consequently, it becomes essential to address the boundary issues at both
ends of the pressurized cabin. The model of the middle fuselage pressurized cabin segment
is extended outward by 50 mm, 100 mm, and 500 mm to apply fixed constraints, and sym-
metric boundaries are established on the symmetric plane to facilitate model simulations.
The outcomes of these simulations are presented in Table 9.

Table 9. Simulation results for different external extension lengths of the pressurized cabin.

External
Extension Length Stress Displacement

50 mm
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consistent; both the maximum stress and maximum deformation occur at the same location.
Using an outer extension length of 1000 mm as the baseline, the models with varying outer
extension lengths are analyzed for discrepancies. The maximum von Mises stress error
is 0.59% and the maximum deformation error is 1.17% for the model with a 50 mm outer
extension. For the model extended by 500 mm, the maximum von Mises stress error is
reduced to 0.21% and the maximum deformation error is reduced to 0.54%, with the error
falling within six-thousandths of a percent. As the outer extension length increases, there is
a notable reduction in model error, which also enhances the computational efficiency of the
model due to a decrease in the number of meshes.

Based on the findings from the analysis, this paper selects the model with a 500 mm
outer extension of the middle fuselage pressurized cabin as the primary focus.

4. Finite Element Simulation Results of the Structural Configuration Scheme of the
Pressurized Compartment
4.1. Finite Element Simulation Results

ABAQUS2022 is used for the finite element simulation analysis in this paper. The
simulation of the model reveals that large displacements or shape changes due to the initial
stress or the rigidification from initial loads can render the model geometrically nonlinear.
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Consequently, this paper conducts a nonlinear finite element analysis of the pressurized
cabin structure. We analyze displacement and stress (strain) levels across nine scenarios;
large deformations are not observed, and the results are presented in Figures 11–19.
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The constraints for the nine scenarios are as follows: the maximum equivalent displace-
ment must be less than 10 mm; the maximum von Mises stress for the alloy material must
not exceed the material’s yield strength; the maximum shear stress should remain below
the shear strength of the material; and for composite materials, the maximum equivalent
strain must not surpass the allowable strain.

All scenarios satisfy the static strength and stiffness requirements set for the design
of the pressurized cabin’s structural configuration. Specifically, Scheme 3 experiences the
highest structural stress at 822.1 MPa, Scheme 8 displays the highest equivalent strain
at 9376 µε, and Scheme 1 exhibits the smallest structural configuration displacement at
8.937 mm, highlighting the distinct variations across the results.

Under pressurized load conditions, the structure exhibits significant displacements
and deformations, particularly in the separating surface and skin region. The frame, crucial
for maintaining the structural integrity, primarily endures shear stresses. Conversely,
stringer and beam structures bear the brunt of tensile and compressive stresses, contributing
significantly to the von Mises stresses of the structure. These stresses typically concentrate
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on structural elements such as stringers and beams. Due to varying load capacities among
components, local stress concentrations are observed. Notably, the floor experiences
substantial displacements of 4–5 mm due to direct floor loading.

Table 10 outlines potential risk sources for each scenario, derived from the simulation
results. For instance, in Schemes 1, 2, 5, and 6, the maximum shear stress of structures
utilizing AL7075 material approaches the shear strength limits. In Schemes 3 and 8, the
maximum equivalent displacement nears the structural constraints’ limits. For Scheme 4,
which employs AL2024 material, the maximum von Mises stress is close to the material’s
yield strength. Meanwhile, in Schemes 7 and 9, which involve T300 carbon fiber composite,
the maximum equivalent strain approaches the permissible strain range.

Table 10. Potential risk sources for each scheme.

Potential Sources of Risk Scheme

Strength damage (yielding) 4, 7, 9
Strength damage (shear) 1, 2, 5, 6

Rigidity failure (displacement) 3, 8

Table 11 compares the weight of each structural scheme with its maximum deformation
and other factors. From the table, it is evident that Scheme 8 offers a lighter configuration,
where the weight of the pressurized cabin is 284.4 kg, marking an 8.73% reduction compared
to Scheme 9. Conversely, Scheme 2 is the heaviest, weighing 131.07% more than Scheme 9.
The weight of the pressurized cabin half-mold in the all-metal alloy configuration exceeds
300 kg. The use of composite materials significantly reduces the weight of the structural
configuration; the all-metal alloy structure is over 100% heavier than the all-composite
structure, while the hybrid configurations (Schemes 4–6) show a weight increase of more
than 60% compared to the all-composite structure. The smallest displacement recorded is
8.937 mm in Scheme 1, and the largest is 9.985 mm in Scheme 3.

Table 11. Simulation results of the nine structural configuration schemes.

Scheme
Maximum Displacement

(mm)
Weight

(kg)
Maximum von Mises Stress (MPa) Maximum Strain (µε)

AL7075 AL2024 TB6 T300 T80 T1000

1 8.937 330.8 412.4 / / / / /
2 9.544 360.0 348.8 293.5 / / / /
3 9.985 315.6 198.9 / 822.1 / / /
4 9.252 306.0 / 318.5 / / / 2242
5 9.077 255.8 399.6 / / / / 2539
6 9.219 232.0 431.3 / / / 5884 /
7 9.691 165.5 / / / / 7294 2883
8 9.951 142.2 / / / 9376 5055 /
9 9.175 155.8 / / / / 5240 2635

4.2. Analysis of Structural Component Weights

As illustrated in Figures 20 and 21, the frame’s weight in the design of the civil high-
speed rotorcraft pressurized cabin varies from 8% to 19% of the total structure. In the
all-aluminum alloy configuration, increasing the frame’s weight contributes to the overall
stiffness distribution, thereby reducing the structural weight. In configurations containing
titanium alloy, the frame’s weight increases due to the superior mechanical properties of
titanium alloy, which has significantly greater stiffness and strength than aluminum alloy,
allowing it to bear more load during stiffness distribution.

The weights of stringers and beams in different structural configurations vary sub-
stantially based on the materials used, processing technology, and spacing. In metal alloy
configurations, the weight of stringers and beams ranges from 25% to 33%. In the hybrid
configurations, this range is 28% to 50%. In the all-composite configurations, stringers
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account for 15% to 17% of the weight. Increasing the spacing of stringers can reduce the
overall weight of the structure, whereas enhancing the beam structure can increase the
load-carrying capacity of the components.
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Figure 21. Weight proportion of components in the structural configuration of the pressurized cabin.

There is a notable variation in the weight of separating surfaces across different pres-
surized cabin configurations. In all-metal-alloy configurations, the weight of separating
surfaces ranges from 12% to 16%. In hybrid configurations, where less dense composite
materials are used, this percentage is within 10%. For the PRSEUS configuration, the sepa-
ration surface and its reinforcing structure are interconnected by stitching to facilitate force
transfer, accounting for 15% to 18% of the weight. In all-composite laminate configurations,
the separation surface structure must be heavier to meet safety and stability requirements
due to its inability to perform structural crack stopping and force transfer duties, thus
accounting for more than 20% of the weight.

The skin’s weight in the pressurized cabin’s structural configuration ranges from 11%
to 25%, with thicknesses varying between 1.0 mm and 2.0 mm.

5. Comparative Analysis of Nine Scheme

Utilizing the Analytic Hierarchy Process (AHP) and combining it with Gray Relational
Analysis (GRA) and D-S evidence theory [25–29], this section endeavors to perform a com-
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prehensive evaluation of the nine proposed pressurized cabin structure options. The AHP
refers to the evaluation of the design schemes of a civil high-speed rotorcraft pressurized
cabin as a system, which decomposes the objectives into multiple objectives, and then
into several levels of multiple indicators, and calculates the hierarchical single ranking
(weights) and total ranking through the fuzzy quantification of qualitative indicators. GRA
is a method of measuring the degree of correlation between factors based on the degree of
similarity or dissimilarity of the development trend of the factors, and it can be calculated
and ranked through the gray correlation method. GRA is a method to measure the degree
of correlation between factors according to the degree of similarity or dissimilarity between
the development trends of the factors, and through the Gray Relational Analysis, the prob-
ability of choosing the program under each indicator can be obtained and ranked. D-S
evidence theory combines the probability of choosing the program under each indicator
with the index ranking obtained by the hierarchical analysis method to integrate, so as to
obtain the conclusion of the comprehensive assessment of the pressurized cabin program
under multiple indicators.

The evaluation is conducted across three dimensions: production cost, technologi-
cal maturity and machining technology, and structural performance. This multifaceted
assessment aims to identify the most rational options, providing a foundational refer-
ence for the selection and preliminary design of pressurized cabin structures in helicopter
configurations. The procedural flow of this evaluation is depicted in Figure 22.
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5.1. The Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP), a method of subjective weighting developed
by operations research expert Thomas L. Saaty at the University of Pittsburgh in the 1970s,
effectively integrates qualitative and quantitative analysis. This methodology hierarchizes
indicators within a complex system and constructs a multi-level hierarchical structure for
analysis. At each level, indicators are analyzed, compared, and weighted according to
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their relative importance, thereby simplifying and quantifying complex decision-making
scenarios. The accuracy and ease of implementation of AHP have led to its widespread
adoption [30].

5.1.1. Booster Compartment Structural Configuration Design Indicator Hierarchy

To ensure the accuracy and objectivity of the assessment method, the selection of indi-
cators adheres to criteria that are scientific, advanced, and systemic, combining qualitative
and quantitative analyses for feasibility. A hierarchical relationship diagram, as shown in
Figure 23, illustrates the structured approach to the pressurized cabin’s design indicators
for this paper.
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Production cost: This includes the cost of materials used in the manufacturing pro-
cesses of the rotorcraft pressurized cabin and the labor costs associated with machining,
sheet metal fabrication, heat treatment, and part assembly.

Technology maturity and machining process: Technology maturity is a critical compo-
nent of project risk management that typically spans multiple developmental stages—from
conceptual designs to proven, mature products suited for mass production. The maturity
level generally increases as the project progresses through these stages. The choice of pro-
cessing technology influences and determines the feasibility of a technology’s widespread
adoption within a market economy, with varying processing techniques impacting the
load-bearing capabilities of structural components.

Structural performance: This refers to how the weight of the pressurized cabin affects
the aircraft’s performance, structural integrity, and flight efficiency. The safety margin is
crucial as it directly pertains to the life and property safety of passengers, crew, and ground
personnel, thereby playing a pivotal role in the aerospace vehicle’s configuration design.

The impact on the nine different design options is analyzed across these dimensions to
determine the relative weight each dimension holds in the design of the pressurized cabin
structure configuration.

5.1.2. Constructing a Judgment Matrix and Assigning Values

In this paper, we employ an expert scoring system, convening a panel of 21 experts
in the field of aviation. These experts were tasked with making scaled judgments about
the relative importance of elements within each hierarchical layer, utilizing the 1–9 scaling
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method introduced by Saaty to quantify the results and construct the judgment matrices Aij
for the layer indicators [31]. The significance of the importance scale is detailed in Table 12.

Table 12. Interpretation of the significance scale [31].

Quantitative Importance Meaning

1 Indicator i is equally as important as indicator j
3 Indicator i is slightly more important than indicator j
5 Indicator i is significantly more important than indicator j
7 Indicator i is more strongly important than indicator j
9 Indicator i is more important than indicator j

2, 4, 6, 8 Median of the above neighboring judgements

reciprocal If indicator i is aij compared to indicator j, then indicator j
compared to indicator i is 1/aij

Production cost dimension: Both the cost of manufacturing materials and the la-
bor costs associated with manufacturing are identified as critically important and are
assessed year-over-year.

Technology maturity and machining process dimension: In this dimension, the ma-
turity of the technology, which measures how well the technology used in the rotorcraft
pressurized cabin meets the desired objectives, is prioritized. This is followed by considera-
tions of the processing techniques and material properties.

Structural performance dimension: The safety and the weight index of the pressur-
ized cabin structure are directly related to personnel safety, making these considerations
equally crucial.

Based on these analyses, the matrices for economic judgment A1, technology maturity
and machining process A2, and structural performance A3 are constructed as follows:

A1 =

[
1 1
1 1

]
(3)

A1 =

 1 5 3
1/5 1 1/3
1/3 3 1

 (4)

A1 =

[
1 1
1 1

]
(5)

In the comprehensive assessment of civil high-speed rotorcraft pressurized cabin
configuration schemes, the production cost significantly impacts market competitiveness,
though it assumes a lower priority under the premise of ensuring airworthiness and func-
tional value. At the technical level, both the maturity of technology and the sophistication
of the machining process are crucial for the reliability and maintainability of the vehicle,
and they hold significance comparable to the economic aspects. The performance of the
pressurized cabin configuration is deemed of utmost importance as it directly affects the
airworthiness and functional value, pivotal for the successful design and deployment of
the cabin structure.

This leads to a judgment matrix C for the three dimensions—production cost, techno-
logical maturity and machining process, and safety—as follows:

A1 =

1 1 1/2
1 1 1/2
2 2 1

 (6)
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5.1.3. Determining Single-Level Relative Weights and Consistency Checks

The relative weights of the indicators in the AHP are typically calculated using the
sum method, the power method, or the square root method. In this paper, the square root
method is utilized as follows:

bi = ∏n
j=1 aij (7)

ck
i =

n
√

bi (8)

ck
i = ck

i / ∑n
i=1 ck

i (9)

where i = 1, 2, ..., n.
For the judgment matrix Aij, the largest characteristic root is calculated. When the

order of the judgment matrix is three or greater, a consistency test is required. The con-
sistency index CI is calculated as CI = λ−n

(n−1) , where n is the order of the judgment matrix.
The consistency ratio CR is determined by CR = CI/RI, where RI is the average random
consistency index shown in Table 13. A CR within acceptable limits indicates a consistent
matrix; otherwise, adjustments are necessary [32].

Table 13. Stochastic consistency value [32].

The Order of Judgment Matrix 1 2 3 4 5 6 7

RI 0 0 0.58 0.90 1.12 1.24 1.32

Based on the judgment matrices defined in Section 5.1.2, the relative weights of the
indicators are shown in Tables 14 and 15.

Table 14. Index relative weight.

Indicators B1 B2 B3 B4 B5 B6 B7

Index relative weight 0.5 0.5 0.63 0.11 0.26 0.50 0.50

Table 15. Index relative weight.

Indicators A1 A2 A3

Index relative weight 0.25 0.25 0.50

Given the order of the judgment matrices A2 and C, which is three or greater, consis-
tency testing is mandatory. The principal eigenvalue of the judgment matrix A2, pertaining
to technological maturity and machining process, is found to be 3.039, with a CR of 0.033.
The principal eigenvalue for the judgment matrix C, under the overall objective of the
comprehensive assessment of the structural configuration scheme of the pressurized cabin,
is 3.000, with a CR of 0. This indicates that both matrices pass the consistency test, affirming
their rational construction.

5.1.4. Weighting Calculation

The weights of subordinate indicator elements relative to the target hierarchy are
computed, facilitating a total ranking based on these weight values [32]. These weights are
derived from the following equation:

βi = c1 × c2 × c3 × · · · cn (10)

where i = 1, 2,..., n, and n represents the total number of indicators.
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The weights and overall ranking of the indicators at each level relative to the com-
prehensive analysis of the structural configuration schemes for the pressurized cabin are
shown in Table 16.

Table 16. Weighting and overall ranking of indicators table at all levels.

Target Layer Tier 1 Indicators and
Relative Weights

Tier 2 Indicators and
Relative Weights Weight Sort

Comprehensive assessment of
the civil high-speed rotorcraft

pressurized cabin scheme

Production cost
0.25

Manufacturing material cost 0.5 0.125 4
Manufacturing labor cost 0.50 0.125 4

Reliability and maintainability
0.25

Technology maturity
0.63 0.157 3

Material performance
0.11 0.028 7

Machining process
0.26 0.065 6

Safety
0.50

Weight
0.50 0.250 1

Safety margin
0.50 0.250 1

5.2. Determination of Mass Function by the Gray Relational Analysis

We determine the probability of scheme selection for each dimension using GRA,
combined with the weights derived from the AHP. This approach allows us to compute
a weighted probability matrix and address uncertainty across different indicators, thus
solving the Mass function [29,33].

5.2.1. Production Cost Comparison

Within the production cost dimension, the options are priced based on the current
market costs of manufacturing materials and labor. The probability of scheme selection is
detailed in Table 17.

Table 17. Selection probability of each scheme under the factor of production cost dimensions.

Scheme
Probability of Schemes Choice

The Cost of Manufacturing Materials The Cost of Manufacturing Labor

1 0.121 0.116
2 0.120 0.115
3 0.115 0.113
4 0.120 0.111
5 0.120 0.111
6 0.117 0.110
7 0.114 0.107
8 0.059 0.107
9 0.115 0.109

5.2.2. Comparison of Technology Maturity and Machining Process

In assessing the technological maturity and machining process dimension, the options
are evaluated based on current processing techniques and material properties used in the
aerospace industry. The selection probabilities are outlined in Table 18.
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Table 18. Selection probability under the technology maturity and machining process dimensions.

Scheme
Probability of Schemes Choice

Technology Maturity Material Properties Machining Process

1 0.113 0.039 0.136
2 0.113 0.059 0.136
3 0.113 0.118 0.106
4 0.112 0.078 0.121
5 0.112 0.157 0.121
6 0.112 0.137 0.106
7 0.110 0.157 0.091
8 0.107 0.137 0.091
9 0.108 0.118 0.076

5.2.3. Comparison of Performance of Pressurized Cabin Configurations

The weight and safety margins of the schemes are assessed through numerical sim-
ulation, and the probability of selecting each scheme under the structural performance
dimension of the pressurized cabin is presented in Table 19.

Table 19. Selection probability of each scheme under the conformational performance dimensions.

Scheme
Probability of Schemes Choice

Weight Safety Margins

1 0.107 0.107
2 0.105 0.133
3 0.108 0.118
4 0.108 0.113
5 0.111 0.100
6 0.112 0.103
7 0.116 0.094
8 0.117 0.134
9 0.116 0.097

5.2.4. Establishment of the Mass Function

The GRA is utilized to amalgamate information across different objectives within each
dimension to compute the Mass function [34].

The q-order uncertainty under indicator j is defined as follows:

DOI(Ij) =
1
m

∣∣∣∣∣ m

∑
i=1

(rij)
q

∣∣∣∣∣
1
q

(11)

where q = 2, rij represents the integrated gray correlation coefficient of (xij)m×n. The
integrated correlation method is employed to determine the correlation coefficient, thereby
avoiding the distortion that may arise from using either the optimal or the worst correlation
alone. This approach enhances the accuracy of the gray correlation. The correlation
coefficient rij is computed initially by identifying the optimal correlation coefficient r+ij and

the worst correlation coefficient r−ij as follows:

r+ij =

min
i

min
j

∣∣xij − X+
∣∣+ ξmax

i
max

j

∣∣xij − X+
∣∣∣∣xij − X+

∣∣+ ξmax
i

max
j

∣∣xij − X+
∣∣ (12)
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r−ij =

min
i

min
j

∣∣xij − X−
∣∣+ ξmax

i
max

j

∣∣xij − X−
∣∣∣∣xij − X−

∣∣+ ξmax
i

max
j

∣∣xij − X−
∣∣ (13)

where X+ = max
1 ≤ i ≤ m
1 ≤ j ≤ n

xij =
{

x+1 , · · ·, x+n
}

is the idealized optimal sequence and

X− = max
1 ≤ i ≤ m
1 ≤ j ≤ n

xij =
{

x−1 , · · ·, x−n
}

is the idealized worst sequence.

Setting ξ = 0.5, the integrated gray correlation coefficient is computed as follows:

rij =
1(

1 + r+ij /r−ij
)2 (14)

By substituting into Equation (11), the uncertainty DOI can be determined under each
indicator. From Equation (15), the Mass function for different targets under each indicator
is defined as follows:

mj(i) =
[
1− DOI

(
Ij
)]

yij (15)

where mj(i) denotes the Mass function of the target under the indicator.
Based on the above, the probability matrix G of the program being selected under each

indicator factor is outlined as follows:

G =



0.121 0.116 0.113 0.039 0.136 0.107 0.107
0.120 0.115 0.113 0.059 0.136 0.105 0.133
0.115 0.113 0.113 0.118 0.106 0.108 0.118
0.120 0.111 0.112 0.078 0.121 0.108 0.113
0.120 0.111 0.112 0.157 0.121 0.111 0.100
0.117 0.110 0.112 0.137 0.106 0.112 0.103
0.114 0.107 0.110 0.157 0.091 0.116 0.094
0.059 0.107 0.107 0.137 0.091 0.117 0.134
0.115 0.109 0.108 0.118 0.076 0.116 0.097


(16)

The factor weights of the indicators are expressed as follows:

β = (0.125, 0.125, 0.157, 0.028, 0.065, 0.250, 0.250) (17)

The weighted normalization matrix is formulated as follows:

G =



0.015 0.015 0.018 0.001 0.009 0.027 0.027
0.015 0.014 0.018 0.002 0.009 0.026 0.033
0.014 0.014 0.018 0.003 0.007 0.027 0.030
0.015 0.014 0.018 0.002 0.008 0.027 0.028
0.015 0.014 0.018 0.004 0.008 0.027 0.025
0.015 0.014 0.018 0.004 0.007 0.028 0.026
0.014 0.014 0.017 0.004 0.006 0.029 0.024
0.007 0.014 0.017 0.004 0.006 0.030 0.034
0.014 0.014 0.017 0.003 0.005 0.029 0.024


(18)

The idealized optimal sequence is yielded as follows:

X+ = (0.015, 0.015, 0.018, 0.004, 0.009, 0.030, 0.034) (19)
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The idealized worst sequence is expressed as follows:

X− = (0.015, 0.015, 0.018, 0.004, 0.009, 0.030, 0.034) (20)

The maximum difference and minimum difference are defined, respectively, as follows:

maxmaxi
∣∣xij − X+

∣∣= 0.010 (21)

minmini
∣∣xij − X+

∣∣= 0 (22)

maxmaxi
∣∣xij − X−

∣∣= 0.010 (23)

minmini
∣∣xij − X−

∣∣= 0 (24)

The gray comprehensive correlation matrix is the following:

R =



0.077 0.207 0.207 0.379 0.129 0.327 0.360
0.077 0.298 0.207 0.290 0.129 0.413 0.090
0.111 0.298 0.207 0.213 0.250 0.327 0.203
0.077 0.298 0.207 0.290 0.184 0.327 0.303
0.077 0.298 0.207 0.148 0.184 0.327 0.490
0.077 0.298 0.298 0.148 0.250 0.250 0.423
0.111 0.298 0.298 0.148 0.326 0.184 0.563
0.522 0.298 0.298 0.148 0.326 0.128 0.063
0.111 0.258 0.395 0.213 0.411 0.184 0.563


(25)

The uncertainty degree of each index is the following:

DOI(I1) = 0.0647, DOI(I2) = 0.0943, DOI(I3) = 0.0803, DOI(I4) = 0.0778

DOI(I5) = 0.0866, DOI(I6) = 0.0958, DOI(I7) = 0.1279

The target Mass function matrix for each index is formulated as follows:

M =



0.113 0.105 0.104 0.036 0.125 0.097 0.093
0.112 0.104 0.104 0.054 0.125 0.095 0.116
0.108 0.102 0.104 0.109 0.097 0.098 0.103
0.112 0.100 0.103 0.072 0.111 0.098 0.099
0.112 0.100 0.103 0.145 0.111 0.100 0.087
0.109 0.099 0.103 0.126 0.097 0.101 0.090
0.107 0.097 0.102 0.145 0.083 0.105 0.082
0.055 0.097 0.098 0.126 0.083 0.106 0.117
0.108 0.099 0.098 0.109 0.069 0.105 0.084


(26)

5.3. D-S Evidence Theory Deals with Mass Functions

D-S evidence theory is employed to synthesize Mass functions of different targets
under each index and to evaluate the schemes across multiple dimensions [35,36]. The
synthesis of multiple Mass functions can be expressed as follows:

(m1 ⊕ m2 ⊕ · · · ⊕mn)(A) =
1
k ∑A1∩A2∩···∩An=A m1(A1)m2(A2) · · ·mn(An) (27)

∑A1∩A2∩···∩An=∅ m1(A1)m2(A2) · · ·mn(An), A ⊆ Θ (28)

where m1, m2, ..., mn represent the Mass function on the identification frame Θ.
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Let the identification frame be Θ = {A1, A2, ..., A9}, and take
2Θ = {{A1}, {A2}, · · · , {A1, A2, · · · , A9}}, which is synthesized using the confidence
function of subsets within Θ from D-S evidence theory as follows:

Bel(A1) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A1) = 0.0563

Bel(A2) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A2) = 0.1022

Bel(A3) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A3) = 0.1366

Bel(A4) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A4) = 0.1006

Bel(A5) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A5) = 0.1842

Bel(A6) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A6) = 0.1413

Bel(A7) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A7) = 0.1224

Bel(A8) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A8) = 0.0769

Bel(A9) = (m1 ⊕ m2 ⊕ · · · ⊕m7)(A9) = 0.0793

In accordance with the size of the confidence function, the order of target dominance
is A5 > A6 > A3 > A7 > A2 > A4 > A9 > A8 > A1, and the uncertainty is 0.0017,
indicating that Scheme 5 holds the greatest advantage.

5.4. Multidimensional Comprehensive Evaluation and Analysis Results

Utilizing the AHP, GRA, and D-S evidence theory, this paper conducts a comprehen-
sive evaluation of the structural configuration schemes for the pressurized cabin of a civil
high-speed rotorcraft. The evaluation considers three critical dimensions: production cost,
technology maturity and machining process, and configuration performance. The findings
are summarized as follows:

(1) In the dimension of production cost, Scheme 1 features the lowest cost concerning
manufacturing materials and labor.

(2) In terms of technology maturity and processing technology, Schemes 1–3 exhibit
the highest levels of technology maturity. Schemes 5 and 7 are noted for possessing
superior material properties. Schemes 1 and 2 demonstrate significant advantages in
processing technology.

(3) In the dimension of configurational performance, Scheme 8 excels in weight op-
timization while satisfying the structural configuration requirements. By incorporating
the PRSEUS structure, it effectively withstands high bending stresses, maintaining the
strength, stiffness, and stability of the structure, thereby maximizing the safety margin.
Additionally, the application of composite materials in pressurized cabins significantly
reduces the structural weight.

(4) For Scheme 8, on the other hand, due to the pursuit of the optimal weight ratio, its
geometry is difficult to fabricate in industry, and its economic cost and machining difficulty
increase. Scheme 1 has the lowest processing difficulty and is suitable for industrial and
economic applications, but has weak structural fatigue resistance, high structural weight,
and high economic costs. Schemes 3, 5, 6, and 7 not only excel in reducing the structural
weight but also utilize materials that are extensively employed in the aviation industry.
This ensures reduced economic costs and enhanced reliability.
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(5) A comprehensive assessment across the three dimensions describes the advantages
and disadvantages of each configuration design. Scheme 5 is the most favorable. Scheme 5
adopts a hybrid composite and aluminum alloy configuration that is currently widely used
in aerospace, and its geometry is best suited for industrial and economic applications.

6. Summary

In this paper, we propose a novel configuration for the pressurized cabin design of civil
high-speed rotorcraft. We explore nine different structural configuration schemes in depth
and compare simulation results at a cruising altitude of 3000 m to analyze the proportion of
each component within the schemes. Employing the AHP and integrating both GRA and
D-S evidence theory, we assess the structural configuration of the pressurized cabin across
four dimensions: production cost, technology maturity, processing technology, and safety.
This approach allows us to quantify and analyze the influence weights of various elements
in the structural design of the pressurized cabin of civil high-speed rotorcraft. Key findings
include the following:

(1) Targeting specific cruising altitudes of civil high-speed rotorcraft, this paper pro-
poses nine pressurized cabin design schemes. These schemes are tailored for practical
use in civil high-speed rotorcraft, incorporating commonly used materials in the aviation
industry and integrating PRSEUS technology. This enhances the performance of the pres-
surized cabin’s structural configuration and provides a reference for designing booster
cabin structures in related fields.

(2) The analysis of each component’s contribution to the structure reveals that frames
typically constitute 8% to 19% of the total structural weight, and increasing this proportion
can reduce the overall weight of the structure. The weight ratio of stringers and beams
in the pressurized cabin structure varies significantly across different schemes, generally
accounting for 15% to 50% of the total weight. The separating surface, which bears the
pressure differential load, requires stringent stiffness and strength, contributing 4–29% to
the weight ratio. The skin accounts for 11% to 25% of the weight, with a thickness ranging
from 1.0 to 2.0 mm.

(3) The simulation results of the nine schemes were analyzed across the dimensions of
production cost, technology maturity, processing technology, and safety. Using the AHP,
GRA, and D-S evidence theory, we process various decision factors both qualitatively and
quantitatively. The results indicate that the hybrid configuration using 7075 aluminum
alloy and T300 composite material offers the most advantages. This research introduces a
multidimensional comprehensive evaluation method to quantify and analyze the influence
weights on the structural design of the pressurized cabin of civil high-speed rotorcraft.
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