
Three High‑Impact Material Innovations for Bus Platforms.
A  T E C H N I C A L  R E V I E W  O F  S T R U C T U R A L ,  A C O U S T I C ,  A N D  T H E R M A L 
M AT E R I A L  A D V A N C E M E N T S  F O R  M O D E R N  B U S  E N G I N E E R I N G .

A B S T R A C T
Bus platforms must satisfy increasingly stringent requirements in rollover resistance, exterior noise emissions, and 
thermal durability. Traditional metallic reinforcements and monolithic insulation systems impose mass penalties 
and manufacturing complexity that limit platform efficiency. 

This study evaluates three material innovations—PHASTER® structural foams, InsituCore®/EFS™ hybrid acoustic 
systems, and high temperature thermo-acoustic insulation—developed to address these constraints. Mechanistic 
analysis, simulation, and experimental validation demonstrate that PHASTER® reduces reinforcement mass by 
approximately 300 kg while maintaining rollover compliance; InsituCore®/EFS™ nearfield encapsulation achieves 
more than 5 dB noise reduction under PBN relevant conditions; and multilayer insulation systems withstand 
temperatures up to 1000°C while providing measurable acoustic absorption. 

The results highlight the role of multifunctional materials in improving structural, acoustic, and thermal 
performance in modern bus platforms.
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C H E M I S T R Y  A N D  F O R M U L AT I O N  D E S I G N
This paper examines three material systems engineered to address these challenges. Each system is evaluated through 
its underlying mechanism, modeling approach, and experimentally validated performance. The objective is to quantify 
the engineering impact of these materials and establish their applicability to bus platform design.

1. PHASTER® rigid structural foams for rollover reinforcement

2. InsituCore® + EFS™ hybrid systems for nearfield acoustic encapsulation

3. High temperature thermo-acoustic insulation for powertrain environments

Figure 1. Cavity reinforcement for enhanced crash resistance
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E N G I N E E R I N G  C H A L L E N G E S  I N  M O D E R N  B U S  P L AT F O R M S

L I G H T W E I G H T  S T R U C T U R A L  R E I N F O R C E M E N T  U S I N G  P H A S T E R ®

Modern bus architectures are constrained by three dominant engineering requirements: structural integrity under rollover 
loading, compliance with pass by noise (PBN) emission regulations, and thermal durability in increasingly compact 
powertrain environments. These requirements interact at the system level. Structural reinforcements add mass that 
negatively affects emissions, battery range, fuel and energy consumption. Acoustic treatments often introduce thermal 
limitations; and thermal insulation can increase packaging constraints that influence structural design. As a result, 
platform level optimization requires materials capable of addressing multiple domains simultaneously.

PHASTER® is a proprietary two component, ambient curing reinforcement system that expands to fill cavities and bond 
to surrounding substrates. During expansion, the material forms a closed cell architecture whose stiffness and energy 
absorption characteristics are governed by cell morphology, density, and interfacial adhesion. The foam–substrate 
interface enables efficient load transfer, allowing the expanded material to function as a continuous reinforcement 
rather than a discrete insert. This mechanism differentiates PHASTER® from conventional foam in place systems, which 
typically lack the structural rigidity required for crash relevant applications.
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Parameter Metal Reinforcement PHASTER® Reinforcement Improvement

Mass 327 kg 9.3 kg ~300 kg reduction

Number of parts 129 0 Eliminated

Weld length 60 m 0 Eliminated

Rollover test result Pass Pass Equivalent performance
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M O D E L I N G  A N D  V A L I D AT I O N  A P P R O A C H
Finite element analysis (FEA) was used to determine reinforcement placement and predict deformation behavior 
under rollover loading. The model incorporated temperature‑dependent expansion kinetics and post‑cure mechanical 
properties. Full‑scale physical testing was conducted to validate simulation predictions.

The results indicate that PHASTER® achieves rollover resistance equivalent to metallic reinforcements while reducing 
system mass by approximately 300 kg, consistent with its intrinsic density advantage—75% lower than steel and 30% 
lower than aluminum. The material’s rigid, foaming architecture expands during thermal activation to form a closed‑cell 
structure that provides structural rigidity, strength, and stiffness comparable to welded metal assemblies. Because the 
reinforcement is generated in situ, 129 discrete components and more than 60 meters of welded joints are eliminated, 
removing geometric discontinuities that typically act as stress concentrators during rollover loading. The absence of 
welded interfaces reduces manufacturing variability, simplifies production flow by eliminating secondary processes 
such as welding and mechanical fastening, and decreases inventory requirements associated with metal brackets and 
sub‑assemblies.

Once structural stiffness and energy‑absorption requirements are satisfied through a lightweight reinforcement 
strategy, the next dominant constraint in bus platform performance becomes exterior noise emissions, particularly 
under pass‑by noise (PBN) regulatory conditions. In practice, the reduction of mass in the superstructure increases the 
relative contribution of powertrain‑borne noise, making the control of nearfield acoustic pathways a critical next step in 
platform optimization.

Table 1. Structural Reinforcement Comparison

Figure 2. Rollover deformation comparison between metal and PHASTER® systems
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N E A R F I E L D  A C O U S T I C  E N C A P S U L AT I O N  U S I N G 
I N S I T U C O R E ®  A N D  E F S ™

Engine generated noise propagates through dominant nearfield paths before radiating to the exterior. Nearfield 
encapsulation is therefore more effective than midfield or body shape treatments because it intercepts acoustic 
energy before geometric spreading reduces treatment efficiency. The InsituCore®/EFS™ hybrid system combines 
a structural foam barrier with fiber-based absorbers, creating impedance mismatches that dissipate airborne and 
structure borne noise. The thermal stability of the hybrid architecture preserves acoustic performance in high 
temperature zones, enabling compliance with PBN and BS VII regulations without imposing significant mass penalties.
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Figure 3. Illustration of nearfield encapsulation system
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Nearfield encapsulation demonstrated the highest acoustic efficiency due to its proximity to the noise source. The 
hybrid material system-maintained performance at elevated temperatures, supporting compliance with PBN and BS 
VI regulations without imposing significant mass penalties. With structural and acoustic constraints addressed, the 
remaining limiting factor in bus platform performance is thermal fatigue resistance in high temperature zones.
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Figure 4. Examples of parts for heat and noise insulation

Configuration Noise Reduction Weight Temperature Resistance

Baseline - PU 1.5dB+ with same thickness High High

Nearfield Encapsulation 5+ dB Low High

M O D E L I N G  A N D  T E S T  M E T H O D S
Acoustic modeling was performed to identify dominant noise paths and evaluate encapsulation geometries. Nearfield, 
midfield, and body shape configurations were compared. Thermal acoustic testing measured absorption coefficients and 
temperature resistance under PBN relevant conditions.

Table 2. Acoustic Performance Summary

H I G H  T E M P E R AT U R E  T H E R M O - A C O U S T I C  I N S U L AT I O N
Powertrain and exhaust components generate localized temperatures approaching 1000°C, particularly near 
turbochargers, exhaust manifolds, and aftertreatment systems. Adjacent FRP panels and interior components are 
vulnerable to thermal degradation under these conditions. The multilayer insulation system evaluated in this study 
incorporates high temperature fibers, reflective barriers, and acoustic absorption layers to mitigate radiative and 
conductive heat transfer. Layer sequencing is optimized to reduce surface temperatures while simultaneously improving 
acoustic absorption in frequency ranges relevant to powertrain borne noise.
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E X P E R I M E N TA L  M E T H O D S
Thermal conductivity was measured across a range of temperatures. Surface temperature mapping was conducted on 
FRP panels to evaluate heat transfer. Acoustic absorption coefficients were measured using impedance tube testing.

Figure 5. Temperature distribution on FRP outer surface with insulation applied

Parameter Value

Maximum temperature resistance 1000°C

Acoustic improvement 4-5 dB (compared to conventional glass based solutions)

Table 3. Thermal & Acoustic Performance

The insulation system maintained structural integrity and acoustic performance under extreme thermal loads. Its 
lightweight construction supports integration into both ICE and electrified platforms, where thermal management is 
increasingly critical.
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C O N C L U S I O N 
The three material systems evaluated in this study demonstrate the potential of multifunctional materials to address 
structural, acoustic, and thermal challenges in bus engineering. PHASTER® provides mass efficient reinforcement 
for rollover compliance; InsituCore®/EFS™ systems deliver nearfield acoustic attenuation with thermal stability; 
and multilayer insulation systems withstand extreme temperatures while improving NVH performance. Collectively, 
these materials reduce platform level trade offs, simplify manufacturing, and enable greater design freedom in both 
conventional and electrified bus architectures.
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