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Starting point

• Organizations always tend towards siloed working - in terms of concepts, design, engineering and associated 
analysis

• Critical challenges include slow development cycles, high development costs, limited creativity and innovation, 
and significant rework and rebuilding required at many stages of the design and development process

• The goal is to reduce the number of design/prototype iterations and have a positive impact that can be felt 
right through to production; to produce consistently high quality results, share learning and raise skill levels

• With so many teams and departments associated with driveline design - each area designing components and 
sub-assemblies - the challenge is to combine them effectively to deliver a single, robust, optimized product

• Taking a whole system approach is important, analyzing concepts earlier and examining interactions and 
interdependencies that can affect issues ranging from efficiency and cost to time-to-market, overall  
product quality and warranty

• Appropriate technology applied in the right way can assist in breaking down the barriers to more effective 
and streamlined development – enabling process improvements at every stage

• Such improvements support faster project delivery, reduced project costs, increased staff utilization and 
benefit future projects: there is no need to “reinvent the wheel” every time

• This is not only about the right software tools – it is also a process issue, which requires examining and 
optimizing the entire process in its various individual stages

6. Smarter and more focused working – not 
more complexity 

6. Next steps

7. Conclusion: a roadmap for process 
improvements

7. The Romax approach
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Introduction: back to basics

The design and development process for driveline and 
transmission is at a crossroads. Growing pressure, driven 
in part by increased competition, ever-tighter budgets and 
the green agenda, is causing organizations to rethink legacy 
approaches to design and development. 

The process from planning to manufacture remains long 
and drawn-out, with different departments using disparate 
systems; these teams don’t work together, and their CAE 
and CAD systems do not interface. 

However, the ideal approach is a seamless and fully 
optimized development cycle, one that enables data and 
model movement from one system to another without 
the need for rebuilds. Such an approach – with, crucially, 
appropriate analysis integrated throughout and brought in 
far earlier than is often the case today – could enable more 
streamlined cross-organizational processes that improve 
innovation and eliminate unnecessary re-work by breaking 
down internal and external barriers: accommodating 
seamless multi-directional collaboration and teamwork.

The Rght First Time approach described by this paper is 
about giving organizations and individuals the confidence 
and capability to “freeze” concepts and update designs at 
the right time - that is, at a point in the process when it is far 
less costly to do so, and you can make changes with relative 
ease based on the latest inputs covering the likely working 
of the whole system - for example, around performance 
and efficiency issues, noise, vibration, lubrication. You have 
opportunities to iron-out basic design issues that could 
otherwise come back to haunt development later in the 
process. Greater complexity can, of course, be brought 

in later as needed – but in a more measured way, layering 
in the detail required once the fundamentals have been 
worked through, properly understood and addressed.

Hence, the right time is as early as possible in the process. 
You need to understand what the important variables are, 
and in how much detail these need to be accounted for. 
If you do not have enough information then you can make 
the wrong decision; too much detail then you are arguably 
making a decision later than necessary and it will also 
involve more complex and slower analysis/investigation.

Optimizing design and development

The design and development process starts with product 
planning, followed by concept design, detailed design, 
prototyping, testing, refinement and eventually into 
production. A different department usually carries out each 
step, requiring a high volume of data exchange between 
systems and teams. Co-working is difficult if not impossible 
and the whole design process is lengthened. 

The standard way of working is to design based on 
experience, optimize components in isolation, prototype, 
test, and then fix issues that arise at too late a stage. A key 
issue, therefore, is that designs are often compromised 
as problems discovered later in the development cycle 
become more difficult to fix. This leads to sluggish 
development cycles, unacceptable development costs, 
limited innovation with “conservatism” in designs, and the 
need for significant re-work and rebuild at many points. 
Thus the majority of effort and resources are reserved 
for downstream design iterations and problem resolution, 
rather than trying, from the outset, to get it Right First Time.

Right First Time?

Right First Time is not a novel concept. It simply means 
having the ability to do the right thing at the right time 
and in the right way. Generally, this means being able to 
quickly consider important design variables and system 
interactions as early as possible, with just enough detail 
to have confidence in the chosen design direction. In the 
context of drivetrain design, this could be understanding 
how changing a certain gear ratio is likely to affect durability, 
efficiency, noise, vibration and manufacturability before 
much of the design actually exists.

At this stage in the process, overall accuracy can be traded 
for insight and flexibility to deliver the right design. Even 
the most powerful and revelatory analysis has only limited 
value if it is conducted at a point when it has already 
become extremely complicated and costly to put things 
right. So while powerful and focused analysis is one issue, 
the timing of analysis is equally important. 

Another consideration is the internal culture and drivers 
within an organization, including when and how designers, 
analysts and engineers are involved in the process. Typically, 
companies have different departments each tasked with 
looking at only their specific area – often a single aspect 

The alternative? 

If organizations continue with a fragmented silo 
approach, they miss out in a number of ways:

• Losing the opportunity to identify optimal 
concept designs

• Failing to innovate, resulting in more 
“conservative” designs

• Far more extensive, time consuming and costly 
physical testing

• Final product quality is sub-optimal, leading to 
sales impacts

• Problems are detected after launch with delays 
and warranty issues having a financial impact, 
with the risk of reputational damage

• Perpetuating a silo working approach – and 
fostering potential conflicts within the 
organization
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Real-life case studies 

The approaches proposed in this paper have already 
enabled: a top three Japanese automaker to reduce 
concept design time by 38%; a top two US automaker 
to reduce analysis time by 62%, increase analysis 
accuracy and speed - saving US$12m in one year; a 
leading driveline designer to improve efficiency by 
1.1% and reduce CO2 by 3.1g/km/vehicle.

Pitfalls and opportunities

In a highly competitive marketplace and with budgets 
under pressure, companies want to supply the best fit-for-
purpose products to their customers. For example, this 
means transmissions need to be:

• Reliable 

• Efficient

• Competitively priced

• Suitably sized

• Quiet

• Developed rapidly

Balancing these conflicting requirements is a big challenge 
in design and development, and it can be very difficult 
to achieve them all. Integrating design and analysis 
earlier in the process aims to provide the solution, as 
well as considering and addressing future manufacturing 
requirements as early as possible.

It may be useful to examine, in a little more detail, a typical 
design approach – in this case a gearbox. Gears are initially 
designed using Excel spreadsheets and usually without 
accounting for system information and system effects such 
as shaft and housing deflections. Shafts are designed using 
design guidelines or classical mechanics formulae, while 
bearing manufacturers will have quoted for supply before 
a gearbox is properly designed and optimized. Gears may 
be redesigned when centre distances change, with loading 
changes resulting from that redesign. Meanwhile, housings 
may have simply been carried over from previous designs, 
and ribbing patterns are not optimized - meaning noise and 
vibration issues can result. Parametric study is not possible, 
even with commonly used CAD and CAE software tools. As 
time draws on, deficiencies in the development process - 
including inappropriate design tools, or analyses left too 
late - can mean the cost of resolving problems increases 
based on the additional complexity (and subsequent effort 
involved), and rise even more sharply in prototyping and 
testing stages. 

Indeed, a gearbox supplier has complained that its design 
process, which involves at least six individuals working 
independently, is “slow, not visible, traceable or repeatable 
and, worse, gear quality was poor.” The process is far from 
integrated, with manual data transfer and re-entry at each 
stage and analysis coming late: Product Planning (client 
specification and target setting), the Chief Design Engineer 
(PowerPoint sketch and rules of thumb), Design Engineer 
(rough CAD model), Gear Designer (third party and in-house 
gear code) another Design Engineer (detailed CAD model) 
and CAE Specialist (Finite Element Analysis).

Such a conventional approach requires significant use 
of resources across the entire design process, with 

of a gearbox. When work is conducted in isolation like this, 
it becomes impossible to reflect coherently all the various 
inputs required to drive development and achieve the best 
results. There is little or no hindsight or foresight being 
employed. Unfortunately, with no broader perspective, the 
degree of design excellence applied to any single element 
can be rendered irrelevant by the time you get to the 
“bigger picture”. Indeed, models and simulations can be far 
too complex and specialized to provide the clarity in insight 
required at any particular point, and particularly in the early 
stages of design. 

Many designers, analysts and engineers will recognize 
these issues, particularly those working in the automotive 
industry. But those same individuals, looking from their 
siloed perspectives, can also feel “powerless” in terms 
of their ability to alter the status quo. As a result, design, 
prototyping and development cycles can stretch into 
months or even years. Even then, the outcome in terms of 
quality can be far from certain.
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prototyping and testing taking an inordinate amount of 
time and focused on revealing design errors rather than 
confirming design correctness. These errors require 
the transmission to be re-analyzed, and modifications 
implemented in a new prototype, which has to be tested - 
and so on. 

An optimized process dramatically reduces the risk of 
discovering design flaws during testing, thereby reducing 
the need for physical prototypes. This is widely known as 
Digital or Virtual Prototyping. A certain amount of physical 
prototype testing is of course still required to confirm the 
operations and performance of the transmission, however 
earlier design verification will, as stated, greatly reduce the 
risk, time and costs involved.

Integrating design, analysis and development

More closely integrating design and analysis, using analysis 
in smarter ways and earlier in the cycle, is the solution 
proposed by this paper. We can examine the process again, 
this time indicating how a new approach can be applied.

More focused analysis in the planning stage enables easier 
comparisons to be made with previous designs and with 
competitive products. It helps inform more realistic target 
setting as well as pointing designs in the right direction at 
a time when you still have multiple options and avenues 
to explore. It also provides an opportunity to explore 

Barriers to change include: 

Siloed teams and departments; rigid organizational 
and process designs; closed and incompatible 
software and tools, either in-house or commercially 
available; poor target setting not bought into or 
believed, or targets not being set/considered early 
enough; and management and shareholder pressure 
to bring product to market quickly.

Practical problem solving earlier in the process can 
help you:

• Shorten development cycles

• Reduce costs

• Achieve aggressive emissions targets

• Reduce cost of energy

• Meet customer demands for quality

• Better address warranty liability working 
approach – and avoid potential conflicts in the 
organization

“uniqueness” early – to focus on delivering a genuinely 
innovative and therefore more competitive product.

Moving into more formal concept design and detailed 
design, this new approach means you can explore optimal 
concepts and layouts earlier. Without creating overly 
complex models you can assess a range of designs for 
critical issues such as durability (of gears, bearings, shafts, 
etc.), efficiency and NVH performance. Understanding the 
performance trade-offs of these criteria will allow you to 
steer the design in the right direction and, by assessing 
many key factors as early as possible, avoid expensive dead 
ends. Indeed, you have far greater opportunities to ensure 
optimal component and system performance further 
down the line. Crucially, you can reduce the number and 
cost of prototypes, and further focus on reducing costs by 
avoiding “over-engineering”. In short, you can inform a new 
framework (a process improvement) that enables more 
effective, focused and cost-efficient designs.

Into the development stages, prototyping is still necessary 
- but earlier and more focused analysis already means 
prototypes are more “finished” and of a higher quality. 
Of course, appropriate analysis can also be deployed 
to support physical testing. During design, boundary 
conditions will have been assumed and these conditions 
may have changed during development, so targeted analysis 
now can support enhancements that continue to improve 
overall product quality and, if problems were encountered 
during development, can also provide an understanding of 
the root cause of a problem rather than simply removing 
the symptom.

Barriers to change include: 

Fully integrating analysis with design and 
development to speed up work; bringing analysis into 
the cycle earlier as a force for positive development 
– rather than reactive problem solving; more open 
and flexible software tools that facilitate sharing, 
iteration and collaboration; identifying and setting 
agreed and achievable targets earlier in the process.
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Smarter and more focused working – not 
more complexity

This, in part, is about better aligning business and 
commercial imperatives – faster time to market, lower cost 
development, assured product quality, a ‘green’ agenda – 
with the entire design and development process. It is also 
about having confidence in your results and, therefore, 
in the process itself. This is ultimately what the product 
development process demands: getting the right answer 
(ideally first time) and having confidence in your results. 
The cost implications can be enormous, both in reducing 
(or optimizing) development costs and in downstream 
profitability, because better products are coming to market 
in shorter time scales. 

Moreover, this approach does not mean performing a 
greater number and more complex calculations earlier in 
the process. It simply means doing the right thing at the 
right time, which provides you with a far greater likelihood 
of making the efficiency, cost and time-to-market gains 
promised by a Right First Time as opposed to a trial and error 
approach. Rather than “using a sledgehammer to crack a 
nut” - overly complex calculations and models leading to 
unnecessarily complex and inevitably confusing outputs 
- it makes far more sense to focus thinking and resources 
on the fundamentals. This means addressing key concepts 
and design issues on an “as needed” parsimonious basis: 
only doing what you actually need to do at any given time.

The benefits 

Fully integrating design and analysis, and bringing 
analysis earlier in the process, can enable you to: 
reduce time to market; increase product quality; 
achieve lower CO2 emissions; and avoid conflict 
within the organization, and between manufacturers 
and suppliers.

The modelling and simulations you use at the start of 
the process might seem basic, but the idea is that you 
can develop, refine and enhance your approaches as 
you proceed through the various steps of design and 
development. This is a continuum: building on what you 
already have using a new toolset and a new mindset that 
sit across the entire process, rather than being forced to 
engage with a highly inefficient Stop/Start process. This is 
about looking at the whole system when it is appropriate 
to do so, applying the right models and methods to 
understand precisely what you need at that stage. And 
if you do require individual component analysis at any 
point, that should be an option – but starting from a highly 
detailed, granular and needlessly complicated view does 
not make commercial, technical or financial sense. 

It is also important that your approach in technology 
terms is as open as possible: able to incorporate different 
approaches, tools and methodologies whilst providing 
an overarching Right First Time enhanced approach to 
design and development. There is no reason to be locked 
into proprietary software or systems. On the other hand, 
why try to develop or extend your CAD and CAE tools in-
house if external tools already exist, based on assured 
engineering expertise? Perhaps the optimal route is to 
better understand and embrace the best-of-breed tools 
which you need to get the job done faster.

Next steps

Fully integrating analysis with design should form one 
element in an ongoing program of improvement that sees 
everyone within the organization increasingly working 
together towards shared goals. For such change to be 
sustained, it must be driven from the top. Other elements 
can include:

• Clearly defining targets for a successful product

• Doing more up front - and doing it smarter

• Gaining the ability to refine and optimize designs 
more quickly

• Constantly exploring new and better ways of working

• Improving simulation to identify the majority of 
problems before prototyping

• Reducing prototyping – to reduce time, costs and 
effort

• Comparing design/ prototype /production with targets 
at every step

• Manufacturing and assembling products to the 
necessary standards

• Continuously monitoring, updating and developing 
processes

• Increasing corporate knowledge – building a more 
effective corporate/design/engineering “memory”
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Getting the technology – and process - right

To enable a more streamlined and optimized 
development process, analysis tools and 
approaches should:

• Be easily accessible and useable by all designers 
as part of their daily work - not only specialist 
“analysis experts” called on reactively to solve 
problems

• Make robust, application-specific functionality 
available right from the concept stage

• Support rapid modeling, analysis and results 
interpretation – so driving optimization through 
the ability to study all conditions, tolerances, etc.

• Allow results to be presented and shared in ways 
that can directly influence the design 

• Enable genuine co-operative working between 
individuals and within organizations

• Facilitate easy collaborative working between 
OEMs and their suppliers

• Ideally form part of a common platform, across 
the development process – or at least be part of 
an open non-proprietary approach

A roadmap for process improvements

Positive change can be achieved step-by-step once an 
organization has shared goals, is armed with the right 
technology and has a deeper appreciation of the gains 
to be achieved. This paper does not propose a “big bang” 
approach – rather, it suggests working towards a new, 
more open and flexible platform in achievable incremental 
steps, and so drive more efficient and profitable design 
and development.

1. Educate & Evangelize: senior management up to the 
highest levels need to understand the benefits provided 
by early analysis and its strategic importance in design and 
development.

2. Assess: complete a full audit of your design and 
development process – to understand the scale of the 
challenge, and better target activity.

3. Identify: find the “quick win” areas where analysis can 
add immediate value.

4. Implement: deploy appropriate analysis tools in the 
area(s) identified – and do so with commitment based on 
senior management buy-in and sponsorship.

5. Focus: ensure you have effective analysis tools at the 
concept design stage that are able to consider layout, centre 
distance, gear and bearing sizing, loads, packaging, NVH.

6. Improve: continuously monitor, update and develop your 
processes – continuous improvement will consolidate and 
extend the gains being made.

The Romax approach

Romax provide expertise, tools and services specifically 
designed for automotive, aerospace, off-road, rail,
bearings, marine, wind energy and R&D. We help our 
customers transform their operations: solving engineering 
and process challenges by providing integrated Right First 
Time solutions that combine expertise, best practice and 
field experience with advanced simulation software and 
engineering services.
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