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Summary

The purpose of the project was to use the Design for Six Sigma methodology to find the best
solution to mitigate a noise in the EVAP system caused by the purge valve and develop new design
best practices for future applications in the vehicles of a well knows automotive company which
name will not be disclosed.

The EVAP system purge noise is a well-known problem cause by the pulsations of the cyclic
nature of the purge valve, and different technologies have been developed to address it. The DFSS
methodology allows us to evaluate several of them at the same time while being very efficient with
the resources.

After defining the Ideal Function, the Input Strategy, the Noise Strategy, the Designs to be used,
Laying out the Experiment, Proving the Experimental Strategy, Completing the Experiment and
finally Analyzing the Experiment results, the team was able to identify the most important factors
and characteristics that allow for a more robust system against the noises that cause variability in
the system.

By using one of the expansion chambers closer to the canister the noise is mitigated below the
point where the customer can hear it. Also, other alternatives were identified to allow for more
flexibility when it comes about packaging the best solution on the vehicle.
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Chapter 1: Background

This project was performed to address the needs of an automotive manufacturing corporation
which I will be referring to as “THE COMPANY” due to internal policies.

With the automotive industry being one of the most important in Mexico, THE COMPANY has
different manufacturing locations in different states. There are also other manufacturing locations
across the world, however one of the biggest tech centers for THE COMPANY lies in United
States, where different laboratories and facilities can be found.

Within those laboratories, THE COMPANY has an NVH lab. NVH stands for Noise, Harshness
and Vibration and is the group in charge of evaluating the customer perception of those
characteristics on a vehicle, and this lab is equipped with temperature chambers, sounds-proof
rooms and all the necessary tools to perform their assessments.

The team in charge of the development of the vehicles is the Product Development group. This
team works with designers or does the designs themselves. They also work very closely with
suppliers to choose the best solutions for THE COMPANY needs. Additionally, they work with
the same suppliers to validate their solutions; this way it is verified that the components meet the
requirements and standards with certain levels of confidence. Supporting the assembly plants
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when new vehicles are launched to make sure all the new components can be assembled without
any problems is another one of the everyday tasks the group performs, as well as addressing
warranty claims and complaints from the customers when changes need to be made to guarantee
the reported problems won’t happen again in the life of the vehicle.

Chapter 2: Diagnosis of the situation

There are different ways in which complains with the vehicle are brought into the team’s
attention. The most usual ones are through warranty claims directly from the customer for issues
that aren’t caught prior to launching the platform, or through other parties, such as the Reliability
group which can drive vehicles during the development phase prior to launch.

The Reliability fleet is a group of vehicles that are driven by an external company to accumulate
miles on cars that have been built on some of the early build phases, months before production
begins. During these early build phases, a lot of vehicles are assembled at different levels of
validation and readiness of both the components and the plant, to be used in several different
evaluation runs. These evaluations range from making sure that the assembly plants have all the
process and tools ready, to accumulating real driving miles on vehicles, as most of the validation
that had been run by that time was done either on a component or a system level, but not on a
vehicle level.

The group of people driving are usually the first ones to detect problems that are only present at
a vehicle level and not just component or system level. As such, they can raise their concerns
whenever something happens on a vehicle. Their claims cover a very wide range. From noises
they hear while driving, the feeling they get from being behind the wheel, if any of the surfaces
on the vehicle is too reflective and annoying as it mirrors the sunlight into their eyes, or
mechanical problems such as components not working as they should, engine warnings on the
panel, etc.

When a concern is raised, the Product Development team must act accordingly to provide an
explanation to the problem, find the root cause, propose a containment, and then implement a
permanent action. In the case of the first platform that presented the noise concern, the team was
able to identify the noise quickly as it is very characteristic of the purge valve. It was through the
release of a big expansion chamber within the evaporative system that the noise was brought
down to an acceptable level.

For anyone who has ever been inside a running car it is very clear that there are many different
noises. From the wheels on the asphalt, the engine roar or the suspension when hitting a pothole.
However, this particular noise had to do with the purge system.



To go deeper into the definition of the problem I will explain how the fuels and evaporative
system of any vehicle works.

Gasoline is a very volatile compound made of different hydrocarbon chains. As a consequence,
it evaporates constantly. Some factors can accelerate or slow down this process, but the main
contributors are temperature, pressure, and the internal composition of the gasoline and how
likely it is to evaporate, and this characteristic is measured through the Reid Vapor Pressure
(RVP).

At lower pressures and higher temperatures, the gasoline evaporates more quickly than at colder
temperature and lower pressures. As for the gasoline composition, since the weather conditions
in the United States varies significantly through the year based each state, during summer a
gasoline with a lower RVP is used to try to have as little evaporation as possible, however during
winter a higher RVP blend of fuel is used, otherwise it gets harder for gasoline to become
atomized in the injectors and starting a car in very low temperatures would be nearly impossible.

The gasoline is held in a reservoir called fuel tank which also contains a pump that sends the fluid
into the engine, directly to the injectors rail where then it is atomized and burned in the engine as
part of the stoichiometric mixture. See Figure 1 - EVAP System Diagram. Self-made

Atmosphere
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Figure 1 - EVAP System Diagram. Self-made

As mentioned previously, that gasoline within the fuel tank is evaporating all the time, and if the
vapors don’t have anywhere to go, then we would have a constant increase of pressure of the tank



until it would eventually begin leaking through one of the connections, or as a worst-case
scenario, explode.

As an alternative, the car manufacturers could release those vapors into the ambient, but that
would end up polluting the atmosphere, so it is not feasible. The most logical thing to do is burn
the vapors in the engine, because at the end of the day, it is still gasoline.

To do so the vehicles have the evaporative system, which runs in parallel to the fuel system, but
with some minor differences. The vapors from the fuel tank are transferred into a canister which
contains pellets of activated carbon which have a very high porosity and therefore a very high
surface area, and their purpose is to filter the vapors from the tank and trap all the hydrocarbons
from the gasoline. See Figure 2 - Carbon Canister. Self-made This way the car can have the
system open to the atmosphere for it to breath without releasing chemicals into the ambient.

The hydrocarbons that are being held into the canister will then be pulled into the engine due to
the vacuum that it draws. The evaporative system has a Purge valve, a solenoid used to regulate
the vacuum that the canister is exposed to, as the engine is drawing it all the time. Since the
process of having the correct stoichiometric mixture is very important, it is imperative that the
vapors are drawn into the engine at the right time.

Vapor Vapor Air
inlet outlet

Figure 2 - Carbon Canister. Self-made



Under specific conditions, the Engine Control Module (ECU) commands the Purge valve to open
in what is called Duty Cycle Purge, and this allows the vacuum to draw the vapors from the
canister into the engine.

The purge valve is controlled through Pulse Width Modulation at a high frequency. It is expected
to have more than two hundred million activations of the purge valve solenoid through the life of
the vehicle for example. It is due to this purge valve and its frequency that air pulsations are sent
through the vapor lines in the system. See Figure 3 - Purge Valve Operation. Self-made

Closed purge valve Open purge valve

.
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[

The purge valve is normally closed; therefore, the vapors
can’t flow even though the engine is always drawing
vacuum. The valve solenoid must be activated to allow flow.

Figure 3 - Purge Valve Operation. Self-made

Said pulsations travel through the system until they reach the canister where the shell works as a
resonating chamber and makes a noise that can be heard by the customer. The customers often
describe this noise as a “helicopter” noise coming from the rear of their vehicle.

One of the main reasons that this problem has become more prominent through the years is the
tighter emissions and purging targets that are stablished by the government in different countries.
Among the strictest countries when it comes to said regulations is United States. There are two
main entities that are responsible to regulate the emissions of the automobile vehicles. The first
one is the Environmental Protection Agency (EPA) which is part of the federal government. The
other one is called California Air Resources Board, and as the name suggests, it isn’t federal but
belongs to the state of California.



Each state is free to stablish their own emissions restrictions and requirements as long as they fall
within the federal requirements. CARB requirements are more severe than EPA’s, since
California’s geographic conditions promote higher pollution concentration in that area, so they
keep tighter regulations to reduce ambient contamination.

Since more and more states tend to adopt CARB’s requirements, automotive manufacturers will
often design the vehicles to meet those regulations, and as they are becoming harsher every couple
of years, then the way that vehicles are design and calibrated change to meet said requirements.

To meet the lower emissions and higher efficiency requirements the automakers produce systems
that perform better when it comes to trapping the hydrocarbons within the system, therefore more
purging is necessary and as a consequence, the frequency at which the purge valve is activated
also increases. This means that as the years have gone by, it has become more common to run
into the problem of the purge valve being audible.

Also since the engine is the main source of noise on a vehicle and the technological advancements
have allowed more silent engines, then it is easier to pick up noises that were concealed by the
engine before.

Because of those two factors, it is more common for newer platforms to have that noise complaint
and as such, THE COMPANY has tried to mitigate the issue with different technologies using a
trial-and-error basis.

Since the noise is not detectable during the development of the vehicle because it involves the
interaction of all the components, it is very hard to design away from it during early development
stages. If a change is needed in the later stages of development, then it becomes harder and more
expensive to address.

As a conclusion for the diagnosis, the following key points where stablished:
- Hypothesis: If the team tests the different countermeasures used to mitigate purge
noises in the EVAP system, then it will be possible to identify which one performs
better and under what conditions.

- General objective: ldentify which of the countermeasures to the purge noise that are
already in production perform better when it comes to mitigate the noise of the purge
system while being subjected to the conditions that are considered to be the worst.

- Specific objectives:
1. Determine the best measurement methodology to be able to quantify the



performance of each countermeasure in an ambient that is both repeatable and
recordable.

2. Using the available resources within THE COMPANY and its various labs,
measure the performance level of the different countermeasures.

3. Identify the critical conditions that have a direct correlation with the noise
propagation test the different countermeasures under those specific conditions.
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Figure 4 - Countermeasure Location. Self-made

Chapter 3: Theoretical Framework

Within THE COMPANY, there are various methodologies to approach different problems. Some
are reactive in the sense that once a problem has occurred, they focus on tools to find the root cause
to later address the correct problem and not attacking just a symptom. There are also other
methodologies that are proactive, which means that they focus on the development process to
guarantee that problems won’t be found further down the life of the product.

Some of the most common methodologies used within THE COMPANY are the following:

a. Design for Six Sigma — A process used to design and develop new components or modify
existing one to achieve certain level of robustness and assure customer expectations are
met.

An example of this methodology being applied is designing a new fuel filler cap with
acceptable closing efforts in order guarantee customers won’t struggle at the moment of
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closing the cap, or that they won’t close it incorrectly by mistake. (A wrongly closed fuel
cap will trigger a Check Engine Light on the dash panel).

Quoting Creveling, Slutsky and Antis in their book Design for Six Sigma in Technology
and Product Development: “DFSS does not replace current engineering methods, nor does
it relieve an organization of the need to pursue excellence in engineering and product
development. DFSS adds another dimension to product development, called Critical
Parameter Management (CPM).” (Mader, 2002, p82).

This approach focuses on the customer, and consequently, on the design’s functions,
parameters and critical characteristics that help to fulfill the customer’s needs.
Additionally, the concept of DFSS has been evolving through the years, particularly
considering it has been around since the 1980’s. (Cudney, 2016).

We can also find the following definitions in literature:
e “While Six Sigma helps fix what is broken [...] Design for Six Sigma helps to

design things that don’t break in the first place, things that do more and cost less”
(Chowdhury, 20023, b).

e “The term ‘Six Sigma’ in the context of DFSS can be defined as the level at which
design vulnerabilities are not effective or minimal. Generally, two major design
vulnerabilities may affect the quality of a design:

o Conceptual vulnerabilities that are established because of the violation of
design axioms and principles.

o Operational vulnerabilities due to the lack of robustness in the use
environment. Elimination or reduction of operational vulnerabilities is the
objective of [...] Six Sigma” (Yang and El-Haik, 2003).

e “DFSS has three major components: product line management, design and new
product development project management, and the Six Sigma toolkit (define-
measure-analyze-design-verify (DMADV)) that is applied in the product creation
process. The definition of DFSS that we will use is: Design for Six Sigma is a
process to define, design and deliver innovative products that provide competitively
attractive value to customers in a manner that achieves the critical-to-quality
characteristics for all the significant functions.” (Watson, 2005).

b. Reactive — A process used to find the root cause of a problem on an existing part or system.

The main methodologies used are Red X by the Shainin Company and the Kepner-Tregoe
method.
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An example of this process is finding the root cause of excessive closing effort on a fuel
filler cap on certain platform and model year that the customers have been complaining for
only the last four months but not before.

Dorian Shainin developed a series of strategies and tools that are widely used in the
automotive industry. (Steiner, 2008, p37). This methodology, also called Statistical
Engineering, emphasizes the use of statistical tools to reach a certain level of confidence
when searching for what could be causing a problem. (Trimarjoko, 2019, p2421).

The tools most used for problem solving under the Shainin System are the Solution Tree
(Shainin, 2008, p42), the Multi-vari (Shainin, 2007, p1800), Isoplot and Component Search
(Steiner, 2008, p6). The focus is on doing “dictionary splits” which makes a very efficient
use of the resources when looking for the Red X, which is what the deviation that causes
80% of the problems is called, by using the previously mentioned statistical approach.

The team had already identified what the root cause of the problem was, therefore using a
tool to identify the main culprit wasn’t the one that best suited the needs of the team.

DMAIC Six Sigma — A process used to improve business or manufacturing processes to
reduce the variation.

An example of this process is reducing the variation in the fuel filler cap manufacturing
process to create more consistent fuel filler cap assemblies, which in turn will help tighten
the range of force needed to close the cap.

DMAIC (Define, measure, analyze, improve, and control) is a meta-routine: a routine for
changing established routines or for designing new routines (Schroeder et al., 2008).
Originally described as a method for variation reduction, DMAIC is applied in practice as
a generic problem solving and improvement approach (McAdam and Lafferty, 2004). It is
instrumental in the implementation of Six Sigma as a process improvement methodology
(Chakravorty, 2009).

DMAIC would have also been a valid approach to the problem previously defined,
however due to the resources and knowledge available at the time, it was decided that the
DFSS approach was better.

Lean Six Sigma — A process used to improve business and manufacturing processes by

increasing the speed of the process by eliminating waste. In this case waste does not only
refer to waste in material, but also in time, space, and resources in general.
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An example of this process is increasing the line speed of the fuel filler cap manufacturing
line by eliminating wasteful movements, keeping all the stations where the part goes
through closer to each other while eliminating any unnecessary steps in between.

Lean Six Sigma is a business strategy and methodology that increases process performance
resulting in enhanced customer satisfaction and improved bottom line results. (Snee, 2010,
pl10). It is also being widely recognized that Lean Six Sigma is an effective leadership
development tool. Welch and Welch (2005) points out that “Perhaps the biggest but most
unheralded benefit of Six Sigma is its capacity to develop a cadre of great leaders.”

From a project perspective, green belt (GB) and black belt (BB) projects typically return
in excess of $50k and $175k per project, respectively, (Harry, 1998).

Since the purpose of the project wasn’t to optimize the process and reduce waste, Lean Six
Sigma wasn’t the best methodology to follow for this project.

From these four methodologies, the Design for Six Sigma approach is the one that makes most
sense since the objective is to meet the customer expectations that the system will be inaudible
while driving. The DFSS approach focuses on making the system more robust against the
variations that are inherit to the system itself.

As Douglas P. Mader mentions in his publication Design for Six Sigma “Many organizations
believe design for Six Sigma (DFSS) is a design process when really it is not. DFSS is an
enhancement to an existing new product development (NPD) process that provides more structure
and a better way to manage the deliverables, resources, and trade-offs”. (Mader, 2002, p82), and
that is exactly what the team needed.

Chapter 4: Proposed solution and implementation

To identify what was the most robust solution to the noise issue that the development team was
having, it was decided to use the Design for Six Sigma Methodology which consists of five
phases, which are Plan, Requirements, Concept, Optimization and finally Verification.

Plan Phase:

The objective of this phase is to confirm that the team is working towards something that is worth
working on from THE COMPANY perspective and that the customer will also benefit from the
results. This is done by answering the following questions:

- Why are we starting the project?
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- What will the project accomplish?
- How will the team approach the opportunity?

The answer must be a clear improvement in performance of a specific business need.

For this particular project, this was the information presented:
1. Why is the team starting the project?

The driver can detect a noise during the EVAP purge cycle during normal driving conditions.
From a development perspective, the noise is detected late during the development cycle, which
can drive additional costs and cause delays. THE COMPANY currently uses different
countermeasures without a clear direction of which ones perform better or where they should be
installed to achieve better performance.

2. What will the project accomplish?
The project will determine which countermeasures of the currently used performs better and
under which conditions and also will define the Engineering Design Practices for future
programs.

3. How will the team approach the opportunity?
Since the project will focus on taking solutions that already exist to avoid additional development
and validation costs, we will tackle this problem with only the Plan, Optimization and
Verification phases.

Optimization Phase

Moving on to the Optimization phase, the DFSS methodology defines ten different steps to
follow, however not all of them were used due to the nature of the project. Here are the steps for
a Robust Optimization:

Ideal Function

Input Strategy

Noise Strategy

Control Factors

Lay Out Experiment

Prove Experimental Strategy
Complete Experiment
Analyze Experiment

. Create Predictive Model

10. Confirm Model

©ooNe s WNRE
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1. Ideal
Function

10. Confirm
Model

2. Input
Strategy

9. Create
Predictive
Model

3. Noise 4, Control
Strategy Factors

6. Prove
Experimental
Strategy

8. Analyze 7. Complete
Experiment Experiment

Figure 5 - Robust Optimization Flow. Self-made

For this project, the team decided not to perform a Robust Optimization but instead chose a
Robust Comparison, and the steps change as shown in the diagram below.

1. Ideal
Function

2. Input
Strategy

3. Noise

Strategy 4, Designs

6. Prove
Experimental
Strategy

8. Analyze 7. Complete
Experiment Experiment

Figure 6 - Robust Comparison Flow. Self-made

The main differences lie in that the Robust Optimization tries to understand and quantify how
much each noise and factor contributes to the overall robustness of the solution, while the Robust
Comparison takes Designs already stablished instead of Control Factors, and the Create
Predictive Model and the Confirm Model steps are skipped. This way the team can obtain the
best performing solution under the stablished conditions from a previously selected alternatives,
which in this case were parts already manufactured.

The reason behind skipping those steps is that the Robust Comparison, not being a predictive
model, usually required to run all the iterations to understand how they contribute to the overall
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performance, so the Predictive Model and the Confirmation are not necessary.
1. ldeal Function

First, the team must define an ldeal Function of the system that directly correlates with the
problem. The ideal function is the way the team expects the intended function to behave in the
ideal world.

Through a few iterations and working with team members that had previous experience dealing
with similar situations, it was decided that the function was going to be Dampening the purge
system pulses. See Figure 7 - System Definition. Self-made

EVAP. Purge System
I
s
system pulses

{Using off the shelf components)

\ 4

c
o
g Transfer Vapor
S
@

\ 4

Robust Comparison
Concepts

Out of scope

Features

- Flow Rate
= Pressure Drop

eTransfer / Metric

Figure 7 - System Definition. Self-made

2. Input Strategy

After defining the function, the team then defined the Input Strategy. Based on the knowledge of
the system, the team knew that the pulsations were caused by the activation of the purge valve,
so that became the input: the Duty Cycle Purge (DCP). The DCP is controlled by percentages,
and it has been previously identified that the higher the DCP the worst is the condition, however
vehicles are limited within a certain threshold, which usually goes from 0% to 30%.
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As part of the Input strategy the team must define levels to see how the system behaves at different
input values, so it was decided to focus on the range of 20% to 30% as previous experience
showed this condition was already severe and on the margin of what a vehicle would experience.

With each input level the number of tests in the following steps of the process increases
exponentially, so it was decided to run three levels: 20%, 25% and 30%.

As the DCP is determined by the calibration of the vehicle based on various factors such as fuel
tank level, canister loading, which is how much vapor is held in the carbon canister at any given
time, temperature and pressure, it was decided to use a PCD drive box which allowed the team
to overwrite the calibration and set a specific DCP.

3. Noise Strategy

Then the team defined the Noise Strategy. For this step the team performed a brainstorm of all
the different factors that can cause variations in the system and the team doesn’t have control
over them in general.

In this case, the factors identified where the countermeasure location, the vehicle that was going
to be used, which powertrain that vehicle had, the passenger location, the ambient temperature,
and the canister loading.

From these factors, the team decided to compound the vehicle and powertrain noises by choosing
a single configuration. The canister loading was also removed, as this would only be relevant if
the vehicle was purging based on the calibration previously stablished, but as mentioned before
during the Input Strategy step, the team had already chosen specific DCP ranges and the PCD
drive box was going to be used.

The same way that levels are defined for the input strategy, so it is done for the noise levels given
few exceptions. For the countermeasure location, three levels had originally been defined. First
was installing the countermeasure close to the purge valve, then close to the canister, and then in
the middle of the system, however as the instrumentation and set up of the tests was further
developed, it was decided to remove the iterations with the countermeasure in the middle, leaving
only two levels. See Figure 8 - Countermeasure Location Relative to the Vehicle. Self-made
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Front

Passenger side

Driver side

Canister

Fuel tank

Figure 8 - Countermeasure Location Relative to the Vehicle. Self-made

Rear

For the vehicle noise level, two platforms were chosen with a specific powertrain which this
document will refer to as Platform 1 and Platform 2. Both platforms had already been identified
as being noisy in previous evaluations performed couple years before.

For the passenger location two levels were also chosen. First row and second row. This didn’t
increase the number of tests that had to be run as the NVVH team could just instrument the vehicles
at both locations during a single run. This would cut the number of tests required in half. See
Figure 9 - Microphones Locations. Self-made

Front

Passenger side

First row Second Row

Driver side

Third Row
(if available)

Figure 9 - Microphones Locations. Self-made

Rear
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Finally, for the ambient temperature, two levels were also chosen. The first one was at 60F and
the second one at 90F. The values where the limits that the sound chambers with temperature
capability could reach during the summer, as that was the time of the year when the trials were
run.

A summary of all the different noise factors along with the control levels is included to allow
for a quick visualization of all the data. See Table 1 - Factor Analysis. Self-made

Factor Analysis Worksheet for ALL DESIGNS
Notes / Comments
Fa.ctor. et Definition Influence Factor Type | Level 1 Level 2 Level 3 .f .
(Brief Nickname) (why not including factor)
Position of the By the
Countermeasure| countermeasure relative | Location of countermeasure . By the
1 ) . Noise ' purge -
location to the canister/purge effects pressure pulse/wave. canister
valve, valve
2 Vehicle Differ_ent vehicle Routing, Pressure, Flow impact| Noise Best Worst _ will mEfge VEh-iI:Ie and.Powertrain
architectures. NVH. into a single noise.
Different engines have - 0 a
- Platfi hi th . - . . will Vehicle and Powert
a1 Powertrain SHorms ,ave morg 30 different purge valves, routing Noise Engine 1 | Engine 2 | Engine 3 . me'.ge € !C € an . ertrEin
one engine as option. _ into a single noise.
and behaviors.
Vehicle and  [specific powertrain within| Each vehicle and powertrain
4 . P P . . P Noise Platform 1|Platform 2
powertrain a family behave differently
Something that is audible in
Passenger Wh th .
5 I .g :;:[_Ii ThEeEZ:;n € | the front might not be in the Noise 1" row 2" row
ocation back and vice versa
Ambient High and low workin System performance changes
6 8 & [ystem per € Noise 60 F %0 F -
temperature temperatures according to the temp
We will not consider the canister
. loading a noise during the analysis
Stored thi
7 |Canister Loading Omca‘;:;c;rrm ®  |Actsasaback pressure toflow|  Noise Empty Full - as that will be overwritten by the
’ Duty Cycle parameters we've
chosen.

Table 1 - Factor Analysis. Self-made

After defining all the different noises and levels that the team was going to be working with, then
the team had to choose the noise strategy to go along with them. There are several strategies on
how to apply noise to the experiment, and the most common ones are:
e Predominate: uses a single noise that has a dominant effect on the output.
e Compound: Groups more than one noise into two outputs: Lower Output — when less of
the energy is going to the intended output; and Higher output — when more of the energy
IS going to the intended output.
e Full Factorial: Applies all the combinations of the defined noise factors and levels to the
experiment.
e Orthogonal Array: A type of Design of Experiment (DoE) that are used to set up a
multifactor experiment with each element showing an equal number of times across the
matrix.

The team steered away from any Compounded strategy because the effect of the noises was

unknow. This is a critical point because knowledge of the directionality of each noise is needed
to make sure they are compounded correctly.
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After discarding both the Predominate and the Compound strategy, the team decided to do a Full
Factorial because the number of tests required and the sampling time was something manageable,
and this would give a higher confidence at the time of analyzing the data collected. See Table 2
- Noise Levels. Self-made and Table 3 - Full Factorial of Noises. Self-made for a summary of the

Noises previously identified with their respective levels and the Full Factorial created from
matching all the noises levels with each other.

Factor Name Level 1 Level 2 Level 3
N1 Duty Cycle 20% 25% 30%
N2 Countermeasure location By canister By purge valve =
N3 Ambient Temp 60F S0F -
N4 Passenger Row 1 row 2" row -

Table 2 - Noise Levels. Self-made

Full Factorial Noise Table

1 2 3 a 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Duty Cycle 20%  20% @ 20%  20% @ 20% 20% 20% 0% 2%  25% 25k 25% 2% 25% 25% 25% 30%  30%  30%  30%  30%  30% 0% 30%

Countermeasure By By By By By purgeBy purge By purge By purge By By By By By purge By purge by purge By purge By gy L By By purge By purge By purgeBy purge
Location canister canister canister canister valve walve walve  walve canister canister canister canister valve walie W valve canister canister canister canister wvalve wvalve vale  valve

Ambient Temp 60F 60F 20F B0F 60F 60F B0F S0F E0F 60F SOF S0F 60F 60F SOF S0F GOF 6OF 90F 90F GOF 60F 90F aoF

Passenger Row 1% row 2%row 1row 2¢row 1“row 2%row 1“row 2row 1“row 2*row 1“row 2Yrow 1*row Zrow 1“row 2"row 1%row 2™row 1%row 2 row 1row z*row 1%row 2" row

Table 3 - Full Factorial of Noises. Self-made

4. Control Factors

After stablishing the Noise strategy, the next step is defining the Control Factors. They are the
design or process parameters that can be used to stablish the functional performance of a system,
sub-system or component during the development of the product, or in other words, these are the
design parameters used to improve the current solution.

In this project, which is called a Robust Comparison, the team took designs that already exist and
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compare one against the others as the name suggests. Instead of having Control Factors the team
used already stablished Designs. Nonetheless there were still a few options with some variance
that the team investigated. See Table 4 - Designs. Self-made

DESIGNS

Definition Influence Factor Type | Level 1 Level 2 Level 3

Notes / Comments
(why not including factor)

Factor Name
(Brief Nickname)

. . This is actually a constant for each
Distance between canister] Changes volume between . K
3 | Hose length and puree valve canister and puree vale Design vehicle and may be better as a
pure purs | control factor for the rubber hose.
Rubber hose property of | A stiffer or softer hose will This is actually a constant for each
4 |Hose durometer| durometer determines |have a different behavior with Design vehicle and may be betteras a
the stiffness the pulsations. control factor for the rubber hose.
Check valve Different designs have
5 EMEA valve or Lee valve Design  |Supplier 3|Supplier 4
design different performance g PP PP
. Big Small
Expansion Use different expansion Different designs have R . R
7 . . i Design |expansion|expansion
chamber size chamber sizes different performance
chamber | chamber

Table 4 - Designs. Self-made

Finally, a total of five different design alternatives were chosen plus one more for the baseline
without any sort of countermeasure. See Figure 10 - All Countermeasures. Self-made

*\ [ =
] e
= l
U o
Small expansion Big expansion Check valve Check valve

Figure 10 - All Countermeasures. Self-made
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Once the team had defined the function, input, noises and designs, then it was time to go back to
the ideal function to determine the type of response that was needed.

The team decided that Smaller the Better would be the one that best described the intent of the
project. The Smaller the Better function tries to reduce the variation as much as possible as well
as bringing the nominal values of the output closer to zero. As the team wanted to get rid of the
noise, it made sense that the closer the value of noise perception was to 0 the better it would be.
See Figure 11 - Ideal Function. Self-made



Also, after working with the NVH team, it was decided that the Output response for the project
was going to be the NVH modulation data. This is a value obtained through a sweep of different
frequencies over a noise spectrum and is defined in one of THE COMPANY corporate documents
officially published internally.

The smaller the modulation data, the less noise the microphones pick up, which means the
customer won’t be able to hear the noise.

Initial Design

Reduced Variability

Ideal

Output = Modulation data

Figure 11 - Ideal Function. Self-made

Here concludes the first series of steps of the Optimization phase.
5. Lay out the Experiment

The fifth step in the Optimization phase is Lay out the Experiment. This means putting together
two key elements from the previous steps: The Control factors (in this case the designs) and the
Noise factors along with the noise strategy.

A matrix is created with the designs to be tested and then the noise strategy in front of those
designs. When we compare this table to the Full Factorial mentioned before, it can be noted that
the Rows noise has been removed. This was the case because the lab where the tests were going
to take place could perform both at the same time, so the team chose to declutter the chart to avoid
confusions, as there would be only one test performed instead of two per the row noise. See Table
5 - Laying Out the Experiment. Self-made

22



Temp 60 F Temp 90 F
By the purge valve By the canister By the purge valve By the canister
DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP
Concepts 20% | 25% | 30% | 20% | 25% | 30% | 20% | 25% | 30% | 20% | 25% | 30%
1. No countermeasure
2. Big expansion chamber
3 Check Valve Supplier 1
4. Check Valve Supplier 2
5 Small Expansion Chamber
6. Rubber Hose

Table 5 - Laying Out the Experiment. Self-made

6. Prove Experimental Strategy

Before going through all the iterations, which can consume a lot of time and resources, it is
recommended to first run a few trials to make sure everything is going according to plan. If a
specific condition is known to be the worst performer, then it is suggested to run that one along
one of the better performing to have a good contrast between the two. If the expected worst
performer outperforms the best solution, then something is wrong.

Since preparing the vehicle, having it at the required temperature along with the climate chamber,
and counting with the assistance of the right team would take a lot of coordination and time, it
was decided from the beginning that the NVH lab team was going to run the first trials and if
everything went well then, they were going to do the rest of the iterations right away.

The Lab team had to run over 60 trials on the vehicle, so the plan was to have all the parts and
configurations readily available and in a manner that wouldn’t take them more than a couple
minutes to run each test. For this reason, Platform 1 was chosen. The locations where the
countermeasures were going to be introduced were easily accessible without the need of any
special tools or a hoist to access the bottom of the vehicle and it would only take couple seconds
to swap between one and the other, which meant that a series of test that could take up to weeks
if the vehicle had to be moved to a hoist every time something had to be replaced, could be
performed in a matter of a few days.

To help the NVH lab performs all the trials correctly, working instructions with diagrams were
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shared with them to make sure all the correct iterations were run in the most efficient way. See
Figure 12 - Experiment Instructions 1. Self-made

E = Towards Engine J ST I TFaC OO E = Towards Engine
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Figure 12 - Experiment Instructions 1. Self-made

needed Jumper oo tront of the chambor

As mentioned before, the team had already identified the Platform 1, which had a history of being
noisy, so the two trials to be ran were the Platform 1 with the Small expansion chamber, as that
IS what it was currently using and what was known to perform well, and also the same Platform
1 without any countermeasure, as this would guarantee a good contrast between the best and the
worst performers.

It was during this step that the team realized that the Platform 1 with or without any
countermeasure didn’t perform very differently one from another. This proved to go against the
assumptions from the team: that a vehicle that couple years ago displayed said behavior would
still show it at the time.

After obtaining a few other vehicles of the Platform 1 the same conclusions were drawn. The
latest models of the Platform 1 no longer presented the noise condition. This could be a
consequence of calibration changes through the years, as well as design changes in both the
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EVAP system and on the rest of the vehicle.

From this point forward the team decided to work with the Platform 2 as there was a study that
had been performed couple months before the project that presented evidence that the noise
condition was still there.

Working with Platform 2 was more challenging because the location where the countermeasure
was located was only accessible through a hoist because it sat by the fuel tank.

To address this concern, the team decided to use a metal line instead of the countermeasure and
then a new location was chosen to introduce the different designs. Also new diagrams were made
to match the new system, location, and connection points because from vehicle to vehicle that
changes. See Figure 13 - Experiment Instructions 2. Self-made

~ By the purge valve Configs

By the purge valve Configs

E = Towards Engine

E = ; v . E = Towards Engine
C = Towards Canister 4 — T —— 1 P C = Towards Canister

c
3. Check Valve 2 Wrong R E z.u.- -—4- c
Roplace Big expansion chamber E s —_— -
wih Check valve 2 Lo Straight l
line on Engine Side and QC jumper Comeet
on the Ganstar side. Et&—— T— 5. Small Expansion Chamber
E h_ c Check Valve 1 wit

y the canister Configs

« Towards Engine s e b SR » | = | ~ [ el Kl B £ = Towards Engine
= Towards Canister PS—— orRnn e . C = Towards Canister

E
Cc

N —— T B e e L

!
2. Big expansion chamber Comrect
Add Big expansion chamber E - ._.;4 c 5. Small Expansion Chamber
with 5 QC jumper Roplaco Check Valve 1 wit
tor Sk Small Expansion Chamber
Use QC jumper on Cansster E eotees _4.; (]
£ —e—] C e & Rubber Hose
Reptace Small Expansion
3. Check Valve 2
R Big Chamber wih Rubber Hose
with Check valve 2

Figure 13 - Experiment Instructions 2. Self-made

After all the required preparations, the NVH team performed the evaluation on the first
configurations, the one without any countermeasure and then with the Big expansion chamber.
As expected, the no countermeasure solution performed worse than with the countermeasure, so
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the team moved forward with the rest of the iterations.

7. Complete Experiment

The Complete Experiment step focuses on running the rest of the iterations after having

confidence through the Prove Experiment Strategy step that things will go as expected.

Since 1-6 had already been run, the team performed the evaluation of 7-66 through the series of
a few days since the temperature chamber had to be adjusted and let the vehicle soak there for
some time to make sure everything was at the same temperature. See Table 6 - Complete

Experiment. Self-made

It is worth mentioning that for the No countermeasure row there are only six instead of twelve
tests. This is because not having a countermeasure applies to both the purge valve side and the
canister side simultaneously, therefore the results is exactly the same for both tests.

Also as mentioned previously, the NVH team will have twice as many data points because of the
Passenger row level which is not in the table.

Temp 60 F Temp 90 F
By the purge valve By the canister By the purge valve By the canister
DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP | DCP
Concepts 20% | 25% | 30% | 20% | 25% | 30% | 20% | 25% | 30% | 20% | 25% | 30%

1 Mo countermeasure 1 2 3 - 34 35 36
2 Big expansion chamber 4 5 6 19 20 21 37 38 39 52 53 54
3. Check Valve Supplier 1 T 8 9 22 23 24 40 4 42 55 56 57
4 Check Valve Supplier 2 10 11 12 25 26 27 43 44 45 58 59 60
5 Small Expansion Chamber 13 14 15 28 29 30 45 47 48 61 62 63
6 Rubber Hose 16 17 18 kY 32 33 49 50 51 64 65 66

Table 6 - Complete Experiment. Self-made

The NVH team performed all the tests and presented the results in the form of a chart. See Table

7 - Results. Self-made
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Vehicle Location 1st Row 2nd Row
Temperature 60F 90F 60F 90F
Countermeasure location By purge valve By canister By purge valve By canister By purge valve By canister By purge valve By canister
Design 20% 5% 30% | 20% | 236 30%| 20% | 2536 30| 20% | 2536 0% | 20% | 256 05| 20% | 254 303 20% | 254 3% 20% | 25| 306
b o o o o o o o o o o o o o o o o o o o o o o
No countermeasure 296 296 293 293 265 265
Big Expansion Chamber
Check Valve 1
Check Valve 2 292
Small Expansion Chamber 28.7 278
Rubber Hose 217 286)28.0
- Acceptable (<=25%) Borderline, not objectionable (225% > <=30%) - Unacceptable (x30% >)

Table 7 - Results. Self-made

Within the table there are two different types of data. One is the Modulation Data that the NVH
team obtained through the microphones and is depicted as a percentage within the boxes. The
second one is qualitative, since it is the perception of the NVH lab technician while he was taking
the measurements and he classified them into three different categories.

The first one, which are the ones highlighted in green, are Acceptable. This meant the technician
couldn’t hear any noise.

The next one is yellow, which he classified as Borderline. To get clarification of what this meant,
the team reached out to him, and he confirmed that it was something he could hear but barely.
The NVH team and their technicians have a trained ear to detect noises that most people can’t
notice, so the technician confirmed the noise was so low almost no one else other than specialized
people could hear.

Finally, the red boxes are Unacceptable. And at this point what the technician could hear would
go from low noises to loud ones, but since the criteria is that there most no be any noise, then
even if it is barely audible it is still unacceptable.

This approach was also very important because the team needed a way to correlate the Modulation
Data to what the customer can hear, since that was the most critical aspect. Thanks to the
subjective evaluation, it was possible to determine the ranges of modulation where the customer
can hear the noise.

The next step in the methodology is 8. Analyze Experiment, which will be covered in the next
chapter.
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Chapter 5: Results, Analysis and Implementation
8. Analyze Experiment

After running all the tests and obtaining all the data, the team must then analyze the results. Since
during the early steps of the project it was already defined that the approach was a Smaller the
Better function, we want to evaluate which of the designs was more robust.

For this the team used the Signal to Noise Ratio (S/N), which is a measurement of robustness and
has the following characteristics:
1. Itis measured in Decibels (dB).
2. When evaluating the different S/N values within a project, a higher S/N value is always
better.
3. Itis a project specific index, which means that it is relative. You can’t compare the S/N
ratio of one project to that of another project.

For STB the ideal output is hon-negative with a target of zero and as small variation as possible.

Defining y as the average of the output and o as the standard deviation, STB tries to achieve y =
0 and o = 0. Since that could only happen under ideal circumstances, the purpose is to get as
close as possible to those values. See Formula 1 - Mean. Self-made, Formula 2 - Standard
Deviation. Self-made, and Formula 3 - Signal to Noise Ratio for Smaller the Better. Self-made
for the method on how to calculate the respective performance index.

Data Points (n): count of the number of data points per run

Mean (y): average of the output

- (ZI lya _ (yl +}'2 + e V-1 + }’n)
y —
n n

Formula 1 - Mean. Self-made

Standard deviation (0): measure of data set spread from the mean

G = E(ye y}z (}'1_37)2+ (yz_J_’)z ---(.yn—l_?)z+(yiz+?)2

T n—1 n—1

Formula 2 - Standard Deviation. Self-made
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Signal to Noise Ratio (S/N):

S/NSTB — _10 Log()_/-z + 0-2)

Formula 3 - Signal to Noise Ratio for Smaller the Better. Self-made

Since the team wanted to quantify the performance of the qualitative data, then the following
scale was proposed, and the matrix was filled out to match those values. This wat there were two
different sets of quantitative data that the team was then able to evaluate using the S/N values.

See Table 8 - Subjective Evaluation. Self-made

Condition

Score

Acceptable

1

Borderline

3

Unacceptable

5

Table 8 - Subjective Evaluation. Self-made

The table was analyzed separately for the values obtained when the countermeasure was installed
by the purge valve and those values obtained when the countermeasures were installed by the

canister.

In another table, the values obtained by installing the countermeasures by the purge valve are

presented. See Table 9 - Signal to Noise Ratio for Purge Valve location. Self-made
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Vehicle Location Front Seat Rear Seat

Temperature 60F 0F G0F 90F
Countermeasure location By purge valve By purge valve By purge valve By purge valve
Design DCP |DCP |DCP|DCP | DCP |DCP|DCP |DCP [DCP|DCP | DCP | DCP
20% | 25% | 30% | 20% | 25% [30% | 20% | 26% | 30% | 20% | 25% | 30% | Mean [y} | STD |S/MN STB
Mo countermeasure 296|341 |49.7|238 293 70 | 265|333 48 | 302|376 (897 41.83|19.01f  -33.2
Big Expansion Chamber 221(219(439]|194|202|586|234|229(524]|199|216|78.6 33.7418.95| -31.8
Check Valve 1 19.1 | 17.7 | 3251314 (33.1(38.7]|181|18.3|47.4|19.3|21.8|523 29.14(11.60[  -29.9
Check Valve 2 19.1|20.8| 51 | 196|206 (55.8]|21.3|20.8)|52.5|21.7 252|705 33.24(17.75| -31.5
Small Expansion Chamber 21 |36.7|516| 22 (208 (449|179 |346|47.1| 18 | 278|636 33.83|14.50[ -31.3
Rubber Hose 374|356|673]19.7| 20 [52.3]21.3|366|65.8|34.1|27.7|657 40.29|17.34| -32.8
Vehicle Location Front Seat Rear Seat
Temperature G0F 0F G0F 90F
Countermeasure location By purge valve By purge valve By purge valve By purge valve
Design DCP |DCP |DCP|DCP | DCP |DCP|DCP |DCP [DCP|DCP | DCP | DCP

20% [ 25% | 30% | 20% | 26% [30% | 20% | 25% | 30% | 20% [25% | 30% | Mean (y) | STD |S/N STB

Small Expansion Chamber
Rubber Hose

3.17| 191 -11.4
3.83| 1.72 -12.5]

No countermeasure 3 5 5 1 3 5 3 5 5 5 5 5 417 1.28| -12.8|
Big Expansion Chamber 1 1 5 1 1 5 1 1 5 1 1 5 2.33| 1.89 -9.5]
Check Valve 1 1 1 5 5 5 5 1 1 5 1 1 5 3.00| 2.00f -11.1
Check Valve 2 1 1 5 1 1 5 1 1 5 1 1 5 2.33| 1.89 -9.5]

1 5 5 1 1 5 1 5 5 1 3 5

5 5 5 1 1 5 1 5 5 5 3 5

Table 9 - Signal to Noise Ratio for Purge Valve location. Self-made

It is worthwhile to note that the S/N values of both tables are very different because one refers to
the Modulation data and the other one to the subjective evaluation and the rating that the team
gave it.

As mentioned before when stablishing the properties of the S/N, it was explained that a larger
S/N is better. Based on this, when looking at the Modulation data the best performer is the Check
Valve 1, and the worst performer is the system without any countermeasure, which made a lot of
sense considering the worst condition tested was the system without countermeasures.

When looking at the subjective data from the Lab technician it is noticeable that the best
performers are the Big expansion chamber and also the Check Valve 2.

The results that the team obtained in this scenario are different from the previous table, and the
reason is that the subjective scale doesn’t care for the magnitude of the noise, just that it iS present.
Both the Big expansion chamber and the Check Valve 2 only present the noise concern at the
highest DCP range, but when the noise is present, it is significantly louder than in the cause of
the Check Valve 1 that overall has a lower noise threshold, even though it is audible more often.

In the next table are presented the values obtained by installing the countermeasures by the
canister. See Table 10 - Signal to Noise Ratio for Canister location. Self-made
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Vehicle Location Front Seat Rear Seat

Temperature G0F 90F GOF 90F
Countermeasure location By Canister By Canister By Canister By Canister
Design DCP |DCP|DCP|DCP | DCP |DCP|DCP |DCP | DCP|DCP | DCP | DCP
20% | 25% [30% | 20% | 25% | 30% | 20% [25% | 30% | 20% [ 25% | 30% | Mean {y) | STD |5/N STB
Mo countermeasure 296 |341(49.7|238 293 70 |265(33.3| 48 | 30.2|37.8|89.7 41.83|19.01)  -33.3
Big Expansion Chamber 19.9 224 (509|218 (192 (485|153|23.3| 53 |245|209|68.5 32.35(16.94| -31.2
Check Valve 1 414 |36.8|375]|228|229|485|47.4)|40.9|40.7|355|245|67.3 38.85|11.99| -32.2
Check Valve 2 292(258(229]|18.9|195|19.8|18.7|17.4|23.7| 249|221 |244 22.28| 3.37| -27.J
Small Expansion Chamber 28.7(201(32.2|194|186|225| 20 |20.7|355|228|233|216 23.78| 5.19| -27.7
Rubber Hose 348|245| 59 |21.7(229(228|20.7|18.2|60.8]256| 28 |253 30.61|13.73| -30.5
Vehicle Location Front Seat Rear Seat
Temperature 60F 90F 60F 90F
Countermeasure location By Canister By Canister By Canister By Canister

DCP |(DCP|DCP|DCP|DCP |DCP|DCP|DCP |DCP|DCP (DCP | DCP

Design 20% | 25% | 30% | 20% | 25% | 30% | 20% | 25% | 30% | 20% | 25% | 30% | mean (y) | sTD |s/n sTB

No countermeasure 3 5 5 1 3 5 3 5 5 5 5 5 4.17| 128 -12.8
Big Expansion Chamber 1 1 5 1 1 5 1 1 5 1 1 5 2.33| L.B9 -9.5]
Check Valve 1 5 5 5 1 1 5 5 5 5 5 1 ] 4.00) 1.73)  -12.8
Check Valve 2 3 1 1 1 1 1 1 1 1 1 1 1 1.17| 0.35 -2.2]
Small Expansion Chamber 3 1 5 1 1 1 1 1 5 1 1 1 1.83| 1.52 -7.5
Rubber Hose 5 1 5 1 1 1 1 1 5 3 3 1 2.33| L70 -9.2|

Table 10 - Signal to Noise Ratio for Canister location. Self-made

From the evaluation of the values obtained with the countermeasures installed by the canisters, it
was observed that, according to the Modulation data, the best performer was the Check Valve 2
followed by the Small Expansion Chamber.

In this case, when looking at the subjective data the results do match, since the best performer is
also the Check Valve 2 followed by the Small expansion chamber. Again, the worst performer
was the system without any countermeasure as expected.

Since the team can decide where to implement the countermeasure if required early during the

development cycle of a new platform, then the team was not only interested in the best local
performers, but the best performer overall.
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Vehicle Location Front Seat Rear Seat
Temperature GOF 0F B0F 90F

Design DCP|DCP (DCP|DCP |DCP (DCP| DCP | DCP | DCP|DCP | DCP | DCP
20% | 25% [30% | 20% | 25% |30% | 20% | 25% | 30% | 20% | 25% | 30% | Mean {y}| STD |S/N STB
Mo countermeasure - CANISTER 296|341(497]|238|293| 70 | 265|333 48 | 302|378 |89.7 41.83|19.01)  -33.2
Big Expansion Chamber - CANISTER 199 (22415091218 192 485153233 | 53 |245(209|685 32.35(16.94| -31.2
Check Valve 1 - CANISTER 414 |368(375]|228 (229 (485|474 (409|407 355|245 |67.3 38.85(11.99| -32.2
Checlk Valve 2 - CANISTER 202|258(229]|189|195 (198|187 (174 |23.7|249|221|244 22.23| 3.37) -271
Small Expansion Chamber - CANISTER 287|201(322]|194 |186 (225 20 (207|355]228|233|216 23.78| 5.19| -27.7
Rubber Hose - CANISTER 38 |245] 59 |21.7|229|228|20.7 (182 |608)28.6| 28 |253 30.61|13.73] -30.5
Mo countermeasure - PURGE VALVE 2906|341(49.7|238|293| 70 |265(333| 48 | 302|375 |897 41.83|19.01)  -33.3
Big Expansion Chamber - PURGE VALVE 2211219(439]|194 202 (586|234 (229|524]19.9|216|786 33.74(18.95 -31.5|
Check Valve 1 - PURGE VALVE 191 (177325314331 |38.7]|181|183 (474193 (218|523 29.14(11.60| -29.9
Check Valve 2 - PURGE VALVE 19.1(208) 51 |196|206|55.8])21.3 208 |525])21.7 (252|705 33.24|17.75 -31.5]
Small Expansion Chamber - PURGE VALVE 21 |36T|A16| 22 (208 |44 9179|346 |47 1] 18 | 278|636 33.83|14.50| -31.3
Rubber Hose - PURGE VALVE 374 |356|67.3|19.7| 20 |52.3]|213|366 (658341277657 40.29|17.34|  -32.8|
Vehicle Location Front Seat Rear Seat
Temperature 60F 90F 60F S0F
. DCP|DCP (DCP|DCP |DCP (DCP|DCP |DCP | DCP|DCP | DCP | DCP
Design

20% | 25% | 30% | 20% | 25% [30% | 20% | 25% | 30% | 20% | 25% | 30% | Mean (y)| STD |S/N STB
4.17| 1.2 -12.8

Mo countermeasure - CANISTER

Big Expansion Chamber - CANISTER 2.33| 1.89 -9.5|
Check Valve 1- CANISTER 4.00| 1.73| -12.8
Check Valve 2 - CANISTER 1.17| 0.55 -2.2]

Small Expansion Chamber - CANISTER 1.83| 1.52 -7.5]
Rubber Hose - CANISTER 2.33| 1.70 -9.2]

MNo countermeasure - PURGE VALVE
Big Expansion Chamber - PURGE VALVE
Check Valve 1- PURGE VALVE
Check Valve 2 - PURGE VALVE
Small Expansion Chamber - PURGE VALVE
Rubber Hose - PURGE VALVE

4.17| 1.28 -12.8]
2.33| 1.B9 -9.5]
3.00( 2.00 -11.1]
2.33| 1.89 -9.5]
3.17| 1.91 -11.4]
3.83] 172 -12.5

mla|ala|w|lw]m|w|w|m|=]w
mlm|mm || ||
ala|lala|la|lw]la|lala|m| =]
mlm|ala|x(m]la|lala|m|=]m
m|m | m ;o o || = o [ om | em
mla|lafla|a(m]w|a=a|m|=]m
wWlw|lala|lalm]w|ala| =]
mlm|mm|mm]a|al=|m|m]|m

3
1
1
1
1
1
3
1
5
1
1
1

||| o | = o[ om | em
ala|lalm|a|la]la|lala| o] =

5
1
]
1
1
1
]
1
1
1
]
5

Table 11 - All Signal to Noise Ratios. Self-made

When putting all the different countermeasures in the different locations it is clear that the best
performer overall is the Check valve 2 by the canister when looking at both the Modulation data
and the subjective evaluation. The next best performer is the Small expansion chamber also by
the canister. See Table 11 - All Signal to Noise Ratios. Self-made

It is also worth mentioning that if there were constraints that wouldn’t allow the team to introduce
a countermeasure by the canister, then the best alternative is to introduce the Big expansion
chamber by the purge valve.

This marks the last step of the of the Optimization for a Robust Comparison. Step 9. Create
Predictive Model and Step 10. Confirm Model are not used in this case, only in Robust

Optimization.

The next and final phase in the methodology is the Verification Phase which will be covered in
the next chapter.
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Chapter 6: Conclusions

Verification Phase

The Verification Phase, which is the last one of the methodology, reduces the risk of selecting a
concept that does not meet the requirements of the system in all the other aspects that had not
been considered and it is for this reason that it is required for Robust Comparison projects and
not just for Robust Optimization. It also helps the team verify that the objectives have been met.

During the Verification Phase, which is the last one, the team must answer the following
questions:

1. Have the objectives and failure modes from Plan Phase been addressed?
Yes, the team was able to address the noise complain on the vehicles and was also able to identify
the best possible solution from the designs chosen. In addition, the team was able to define new
practices for

2. Have important requirements been met?
Yes, the team took the current solutions that are available and evaluated which ones performed
better and where, knowledge that will be used moving forward.

3. Has there been any negative impact or harm to other systems?
This question is critical when discussing the results of the project. From the results obtained, one
of the conclusions was that the Check Valve 2 was the best performer when mounted by the
canister. Although this remains true, it is very important to mention that the Check Valve 2 is not
fully compatible with the Emissions Regulations from some countries, so there are limitations to
where it could be used, while the expansion chambers don’t fall into any restrictions.

In addition to answering the questions, the team was able to draw the following conclusions from
the project:

e Quantifying the performance of the different countermeasures in different locations
allows for more flexibility, as packaging constraints are something the design
development team must always consider. The team has the alternative to use the Small
expansion chamber by the canister, and if not possible, then the Big chamber by the purge
valve for vehicles that will be sold in certain markets, or the Check Valve 2, ideally by
the canister, in vehicles for a different market

e Although the check valve 2 has the best performance, it has some limitations when it
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comes vehicles that use Natural Vacuum Leak Detection systems for OBD compliance,
therefore the team would look into using the Small expansion chamber in those cases.

e Specifically for the Platform 2, the Small expansion chamber performs better when
mounted in the rear, so the team will investigate replacing the Big expansion chamber
with the Small one for a weight and cost reduction of the system.

e Originally, the team was going to use Platform 1 but the “no countermeasure” wasn’t
audible across various vehicles, so now a cost reduction investigation is moving forward
to remove the Small expansion chamber altogether.

Next steps:
e Remove the Small expansion chamber investigation:
o Small expansion chamber cost: $3.16
o Small expansion chamber weight: 0.2001b
e Use Small expansion chamber in Platform 2 investigation:
o Big expansion chamber cost: $3.73
o Small expansion chamber cost: $3.16

Chapter 7: Suggestions for future works
Institutionalization:

What document will be updated? Engineering Best Practices for fuel lines, protecting for Small
expansion at the rear as worst case scenario or Big expansion chamber at the front if packaging
constraints don't allow the Small expansion chamber to be used. Ideally use Check valve 1 on
those vehicles that don’t use natural vacuum leak detection systems.

Additionally, for future works along the same lines, it would benefit THE COMPANY to work
with the Check Valve supplier 1 because it seems that the valve has capability to reduce the
pulsation across a wide range as well, but the attenuation must be higher, so it isn’t audible at all.

Another line of investigation is broadening the search field for different expansion chambers with
different sizes and configurations, as well as different valves and solutions all together that are on
the market even if not necessarily from suppliers that are in the same country. With globalization
and an increase presence of global suppliers and technologies, there are surly to be more solutions
out there.

To reduce the amount of time the project could take, taking this project as a framework with the
methodology would help complete the evaluations in a shorter period of time.
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