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Proposing a Method for Assessing Fuel Consumption and Pollutants Emissions with the Use of
Continuously Variable Transmission in Town Cars
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ISenai Cimatec University Center; Salvador, Bahia; >Ford Motor Company Brasil; Camacari, Bahia, Brazil

The 21% century brings countless social, economic, environmental, and technological challenges to humanity
and, to face them, the United Nations (UN) created the Sustainable Development Goals (SDGs). The auto
industry, which is part of the private sector, aims to reach them. In this context, this study aims to evaluate the
consumption and emissions of pollutants by using an automatic transmission of the CVT (Continuously Variable
Transmission) type concerning the automatic transmission of the '"Planetary" type. This study will be based on
the Consumption/Energy Efficiency tables, published annually by INMETRO (National Institute of Metrology,
Quality, and Technology) and whose data will be processed and evaluated using the Quik Sense Software. Thus,
the work aims to appraise the advantages of vehicles with automatic transmission of the CVT type about fuel
consumption, energy efficiency and emissions, in markets such as Brazil, where these vehicles use ethanol or
a mixture of gasoline with up to 27 as fuel % Ethanol. This research can contribute to studies of emission
control and approval, benefiting the automotive industry in general, government agencies, the environment, the

economy, and society, contributing to the UN's SDGs achievement.
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Development.
Introduction

Nowadays, research and development of quality
products that meet the demands of consumers are
essential, in addition to the broad competition in
the market and the relevant legislation (Route
2030: Law No. 13,755). In addition, these
products must be within the Goals for Achieving
Sustainable Development (SDG), included in the
2030 Agenda of the United Nations (UN), which
Brazil ratified.

The Sustainable Development Goals (SDGs)
belong to a global agenda, adopted during
the United Nations Summit on Sustainable
Development, in September 2015, comprising
17 objectives and 169 goals to be achieved by
2030 (UN, 2015). This agenda includes global
actions in the areas of poverty eradication, food
security, agriculture, health, education, gender
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equality, reduction of inequalities, energy, water
and sanitation, sustainable patterns of production
and consumption, climate change, sustainable
cities, protection, and sustainable use of oceans
and terrestrial ecosystems, inclusive economic
growth, infrastructure, industrialization, among
others (UN, 2015). Among the 17 SDGs, three are
directly impacted by urban mobility and the use of
motor vehicles.

The SDG 03 "Good Health and Well-being"
aims "To ensure a healthy life and promote well-
being for all, at all ages" Within its objectives is
the target 3.9: "By 2030, substantially reduce the
number of deaths and diseases from dangerous
chemicals, contamination and pollution of air,
water and the soil", which this work will seek
to contribute when offering proof of which
transmission will pollute less.

The SDG 01, " Sustainable Cities and
Communities", seeks to "Make cities and
human settlements inclusive, safe, resilient and
sustainable. " Its goal 11.6: "By 2030, reduce the
negative environmental impact per capita of cities,
including paying special attention to air quality,
municipal waste management, and others; " and,
in particular, submit 11.6.2 "Average annual
level of inhalable particles (e.g. with particulate
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diameter less than 2.5 um and 10 pm) in cities
(weighted population)", which are also targets of
the contribution of this study.

And SDG 13, "Action Against Global Climate
Change", seeks to "take urgent action to combat
climate change and its impacts". Within this
objective, goal 13.2: "Integrate climate change
measures into national policies, strategies, and
planning"; and its goal 13.2.2: "Total greenhouse
gas emissions per year"; which are united nations
determinations that this research aims to privilege,
through the use of a more efficient product by the
consumer.

A solution to reduce fuel consumption and
pollutant gas emissions in automatic transmission
vehicles is the Continuously Variable Transmission
(CVT), imagined by Leonardo da Vinci more
than 500 years ago, which can simulate an
infinite amount of gait relationships. It contains
a system of two pulleys of different sizes, which
are interconnected by a high-strength metal belt,
rather than gears with certain sizes (Beltrdo, 2015).

There is a consensus that a CVT transmission
presents an advantage with fuel consumption when
compared to automatic planetary transmissions.
This is since CVT has a “continuous” gear shift,
making it possible to keep the engine working in
“optimal” regions of torque and power [14].

In a CVT transmission, torque transfer is done
by friction between a belt and two pulleys. The
torque transmission capacity of the CVT is directly
related to the axial forces of the primary and
secondary pulleys. These forces are the result of
hydraulic pressure from the transmission pumping
system. This hydraulic pressure plus the friction
of the metal belt with the pulleys are the main
points of efficiency losses: oil pump / hydraulic
actuation system that works between 50 and 70
bar (a Planetary automatic transmission is less than
half of this pressure) and the very high friction
torque transmission (to prevent slipping). Thus, the
efficiency of a CVT is 10% to -20% lower than an
automatic transmission by planetary [6].

It is important to note that, in a continuously
variable transmission (CVT), the ratio changes

between its maximum and minimum values
(Span), a characteristic that disassociates the
engine's speed (rotation) from the vehicle's
speed. This feature allows an additional degree of
freedom to accompany the ideal engine operation
line (OOL- Optimal Operation Line) and thus
operate in a region of greater efficiency. However,
for automatic transmission by planetary gears,
which have defined gears (“gear sets”), gear
changes can only contribute to the operation of
the engine in areas “close” to its ideal region. This
difference between them allows an improvement
of 5% to 15% in fuel economy for a vehicle with
CVT transmission - when we compared a vehicle
with automatic transmission for planetary (stepped
gears). Especially when the maximum speed of
the vehicle is relatively low; we observed that the
improvement in fuel economy is more significant
[14].

In addition, as the number of gears ("gear
sets") of an automatic planetary transmission
increases and the interval decreases, such as an
8/9 or 10-speed transmission, the influence of
the types of "gear changes" (planetary staggered
and continuously variable) in the efficiency of
the engine operation is reduced. In addition, the
improved fuel economy of CVT vehicles became
not very clear, as the efficiency of the planetary
transmission is higher due to its lower hydraulic
loss. [14].

In this context, the objective of this project will
be to compare CVT automatic transmissions with
automatic planetary transmissions in vehicles sold
in Brazil using E27 and E100 fuels and INMETRO
approval data for consumption and emissions and
to analyze the best correlation methodology. Thus,
the development of this research can contribute
to the goals of SDGs 03, 11, and 13 and the
Brazilian “NDC” (“Contribui¢des Nacionalmente
Determinadas”, like Rota 2030), which can bring
more savings to the consumer and contribute
to the sustainable development of the planet.
To exemplify, we present the Graphic 1 of the
“sawtooth diagram”, in which the scale of a
manual transmission (planetary transmissions
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presents a similar behave) can be compared with a
“smoother curve” of a CVT transmission.

Materials and Methods

We did a bibliographic search to identify the
results of studies that evaluate: fuel consumption
as a reason for choosing CVT transmission to
equip vehicles; comparisons of types of automatic
transmissions regarding fuel consumption and
atmospheric emissions, and efficiency studies of
CVT transmissions.

We used the data about consumption and
emissions from back 2011 through the annual
publication of vehicle homologation issued by
INMETRO (National Institute of Metrology, Quality
and Technology — “Instituto Nacional de Metrologia,
Qualidade e Tecnologia”)[11]. The choice ofthe "Fuel
consumption/energy efficiency table for automotive
vehicles", applied by INMETRO for vehicles sold
in Brazil, is due to the standardization of data from
various sources (automakers), such as the same test
procedures. Results are shown in km /I (kilometers
per liter) taken under the same standard laboratory
conditions (NBR7024) and adjusted for the most

common simulated conditions ofuse (applications).
We tabulated this data in an excel spreadsheet,
selecting vehicles and engines of most
commercialized versions; excluding manual,
hybrid, and automated transmissions. We also
excluded diesel engines and vehicles of specific
applications (sports and off-road use), focusing on
CVT and planetary transmissions and gasoline and
flexible engines with a maximum displacement
capacity of 2.0 liters and with torque and power
numbers within a specific range (Table 1).

Results and Discussion

Using the “Qlick Sense” software for the
consumption, efficiency, and emissions data, from
the sample resulting from the tabulation, we can
understand the collective behavior of each type of
transmission studied (planetary and Continuously
Variable). The analysis, also, has been validated
by statistical reviews and comparisons.
Finally, we create a dashboard per cluster system
to understand the collective behavior of each type
of transmission, associated with the type of fuels
and engines applications (Graphics 2 and 3).

Graphic 1. Sawtooth diagram (Manual transmission and CVT “smoother curve).
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In both "scatter plot" graphs we can see
that CVT transmission presents the lowest
consumption result for the city cycle in both
Ethanol and Gasoline when compared to planetary
transmissions. In the road cycle, the CVT achieves
consumption values similar to the best Planetary
transmission (A7 - 7 gears) when using Ethanol
and is among the lowest consumptions for the
road cycle when using Gasoline.

Conclusion

Through our study we were able to conclude:
1) Based on a summary of INMETRO
Homologation data for fuel consumption,
energy efficiency, and exhaust emissions for
PL6 (Brazilian market in the last 10 years),
CVT has been showing an advantage about the
fuel consumption, but planetary transmissions
launched in the last years it has been showing
good consumption figures in "Highways",
and like the "Dashboard", we will be able to
expand it to other vehicles and markets that use

homologation tables similar to those used in Brazil.
2) Further work may provide a view of the
Brazilian market, its competitors, and what are the
trends in the short and medium term.
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Graphic 3. Gasoline fuel consumption average scatter plot.
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