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Expert consultancy and advanced
system analysis for aerospace
gearboxes and drivelines




Romax Services for Aerospace

Our innovation today; world’s mainstream tomorrow

Romax Technology offers technical consultancy, design services
and software for gearboxes, drivetrains and bearings. We
provide a unique blend of practical design experience and
advanced analytical techniques through our expert Engineering
Team and conceptually advanced software. Our knowledge and
expertise can grant you confidence in all aspects of drivetrain
design, analysis and dynamics for aerospace applications.

We can help you increase your competitive advantage through
our range of offerings:

= Expert assistance on design and analysis of drivetrain
components for durability or dynamic performance

= Simulation and analysis tools for all aspects of drivetrain design
to predict behaviour under various load and speed conditions

= Technical due diligence such as supply-chain audits and trouble
shooting for resolution or prevention of problems

= Investigation of influence from build and manufacturing
tolerances on gearbox performance
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Benefits

= Reduce costly iterations by making the right decisions early in the
design stage

= Optimise system performance and maximise product robustness

= Gain an unparalleled understanding of system dynamics and
component attributes

= Understand product issues and faults
= Utilise analytical data to create more effective products




Romax Analysis Capabilities
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Design Analysis

System Deflections
Component Durability
Duty Cycle Application

Structural Influence

Fault Identification
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All-In-One

Optimisation

Sensitivity Study
Design for Experiments
Efficiency Analysis
Robust Design
Weight Reduction

Dynamic Behaviour

Transmission Error
Mode Shapes
Vibration and Noise

Quasi-static &
Transient loading

Gear tooth load distribution

Bearing roller contact stress

Transmission error sensitivity

Radiated noise from housing




Helicopter Complete Drivetrain Model

Total drivetrain engineering

Extraordinary results come from attention and understanding of the smallest details.
Our expert team has the knowledge and experience to understand that the smallest
alteration in a component can have a profound effect on the reliability and efficiency of
the whole system.

Our ‘whole system’ approach facilitates a vital understanding of each component in the
helicopter drivetrain and it's interactions that lead to more reliable and robust design.

Main rotor gearbox model
showing system analysis




Tail rotor drive showing
system analysis

Accessory transmission
showing system analysis



Case Study:
Helicopter Split-Torque Gearbox

The issue - Equal Load Sharing

Helicopter gearboxes with multiple load paths need to be
designed to ensure equal load sharing. This can be achieved by
setting the correct amount of backlash in the gear pairs to
account for elastic deformation from torque application.

Consideration is required for deformation from gear tooth
bending and contact, rolling bearings contact, gear shaft, gear
blank and housing deflections. Accounting for all these factors is
difficult with conventional FE tools.

The solution - Accurate Simulation Assessment Helicopter split-torque gearbox model
We are able to calculate the relative compliances of all the

assembled components and deduce their relative deformations.
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Torque sharing results compared to test data

Advanced Gear System Design

Equal load sharing within gear systems is important to ensure
reliability and low vibration, Romax can predict this taking into
account the effects of structural deflections, speed, assembly and
manufacturing tolerances.

The influence of tolerances and clearances can be investigated to
minimising the variance in load sharing. Romax can also analyse
and optimise gear geometry by assessment of durability,
Transmission Error (TE) and gear contact patterns.

Capabilities
= Calculation of load sharing, contact patterns and misalignment
accounting for structural deflections

= Evaluation of total TE of a planetary gear set and relative phasing
through gear meshes

Aerospace planetary gear arrangement

= Investigation to minimise noise and vibration by dynamic analysis E . I
and micro-geometry optimisation % 1] S l 5
Benefits o . BB

We can provide more reliable gearbox designs with: ;o
- improved load sharing and reduced misalignment e |
- optimised tooth contact patterns to reduce stress and TE ® - -w -m -1 o5 &
- manage the effects of manufacturing and assembly tolerances Fisce Dstance i

- minimised drivetrain noise and vibration

Gear load contact pattern analysis




Case Study: Geared Turbofan
Development

The issue - Environmental Considerations

The requirements on the aircraft industry in terms of reducing pollutants
and fuel consumption are becoming much more severe due to global
concerns about the environment and energy costs. Transmission
engineers continually need to develop new and innovative solutions

to improve efficiency.

The solution - Optimisation

Using our consultancy and expertise can give many benefits in allowing a
large number of different concepts to be assessed quickly and accurately
early in the design phase in terms of durability and efficiency.

One example is in the development of geared turbofan or turboprop
arrangements which introduce a transmission system within the aero
engine. The gearbox is utilised to power a propeller at controlled speeds
to remove excess power from the turbine and increase efficiency. By
development of such systems significant reductions can be gained in fuel
burn, engine noise, CO2 and NOx emissions.

Case Study: Accessory Gearbox

The issue - Weight Saving

Weight is an important consideration for any component within an
aerospace application. Larger deflections from weight reduced thinner
sectioned components can lead to misalignment of the gears and bearings,

reducing life and increasing vibration. Understanding the influences of these

deflections is an essential part of the design analysis.

The solution - Optimisation

We have used our experience and advanced analysis to evaluate an
accessory gearbox considering complex weight reduced component
shapes within the transmission design. Deflections and mode shapes of
these components could be assessed under various static and dynamic
load conditions.

The influence of the deformations on the gear mesh misalignment and
bearing rolling contact could then be identified. Further optimisation of the
structural components as well as gear or bearing micro-geometry could
then take place using this procedure.
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Efficiency map from gearbox analysis

Aerospace accessory gearbox model
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Typical deflections of the drivetrain and components
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About Romax Technology

Romax Technology offers integrated solutions for noise, vibration, harshness [NVH] and bearings analysis through software
tools, process, training and engineering services to major OEM and Tier 1 suppliers in the automotive, aerospace, wind
energy;-industrial equipment, rail and marine industries around the world.

Romax Technology’s pioneering full-system flexibility and integrated software package encompasses 20 years of development
and benchmarking-in partnership with major OEMs and extensive research in conjunction with top academic establishments.
Romax’s-customised and ‘off-the-shelf’ software provides customers with the tools for ‘right-first-time’ transmissions and
driveline design and-analysis.

Romax Technology's-engineering teams are integrated with its advanced transmission software development which

encompasses 20 years of expertise-and benchmarking. Service offerings include benchmarking, concepts generation, issue
investigation and resolution, analysis and-detail design through to production. Romax offers agile issue resolution with a
flexible-team approach-dedicated-to- individual projects with execution available remotely in the UK or locally with the
customer. Local co-ordination of engineering-programs-is undertaken through offices in USA, Korea, Japan, China, India,
Germany and the-UK.




