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Prefatory Note

e-POWER Represents a New Proposal
for Electric-drive Vehicles

Kazuo Yajima
Alliance Global Director

In November 2016, the new-generation Nissan Note brilliantly ranked first in monthly new car sales
among all brands in Japan for the first time in 30 years and 2 months. This latest Note model is equipped
with the e POWER powertrain that is the focus of this issue’s special feature. In other words, this suggests
that e POWER is a technology that has received the best market acceptance among the various technologies
Nissan has developed and brought out in the past 30 years. In the Japanese market, Nissan has been the
leader in electric vehicles (EVs), but has been seen as trailing others in promoting hybrid vehicles.

The first major mission entrusted to e-POWER is to make a large impact in the Japanese market based
on effective use of the technologies Nissan has accumulated through the development of EVs. In this
regard, it has accomplished its initial mission to a certain extent. At Nissan, our thinking has been that to
gain the acceptance of large numbers of customers, it is essential for them to understand the fascination of
a vehicle from the moment they sit behind the wheel and start to drive. ee POWER definitely embodies
such elements. The first ones are its excellent response and broad torque band produced by the drive
motor at vehicle launch as well as its new driving style featuring such as one-pedal control for adjusting
the driving speed by operating the accelerator pedal alone without touching the brake pedal. These
elements need no explanation once customers drive the Note. The electric powertrain that is capable of
100% electric motor drive and the associated mass production technologies were indispensable for making
e-POWER a reality. Fortunately, we were able to use unchanged the technologies that Nissan had already
accumulated with the Nissan LEAF. Put differently, mass production of EVs was the reason for the
creation of e-POWER. The electric powertrain technologies honed over the last six years for the Nissan
LEAF and backed by real-world use made it possible to put e-POWER on the market.

Moves toward electrification have spread rapidly in recent years along with R&D activities for
autonomous driving. The Renault-Nissan Alliance has led the way in the EV field and will continue to
emphasize the development of EV technologies. In addition, we believe that electric-drive vehicles,
representing EVs in the broad sense of the term, are capable of providing new value. We expect that
electric-drive vehicle technologies will evolve further in the Alliance that has now been expanded with the
addition of Mitsubishi Motors Corporation, which excels at plug-in hybrids based on electric drive. The
key to this advance in electric-drive technologies will be to promote the fusion of environmental
friendliness and fascinating driving performance that has been achieved by e-.POWER. The new e-POWER
system delivers both outstanding fuel economy and exhilarating acceleration, attributes that have
previously required a trade-off. We are confident that the Note is a product that can be fully enjoyed
without any hesitation regarding the environment, much like functional soft drinks as foods for specified
health uses.

A wide variety of underlying technologies were developed in the course of developing e-POWER.
These included the hardware and control technologies for the drive motor and inverter, the 3-cylinder
gasoline engine as the energy source for power generation, reducer and battery pack, among others. The
keys to the successful development of eePOWER were the overall system design for integrating all the
components and thorough energy management. This special feature explains these technologies in detail,
so it is hoped that readers will gain an understanding of e-POWER and perceive its significant potential for
further evolution in the future.
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1. Introduction

This special feature focuses on the new-generation
e-POWER hybrid powertrain that Nissan has recently
developed. In addition to the excellent fuel economy of
conventional hybrid vehicles, this new powertrain delivers a
pleasing sensation of overwhelming acceleration and driving
ease, thanks to its pure motor-drive technology. The aim
set for eePOWER was to elevate the general impression of
hybrid vehicles to a totally different dimension. This has
been achieved by sharing the control technology and parts
technology accumulated through mass production of the
Nissan LEAF electric vehicle (EV).

The newly developed e-POWER technologies are
described in detail in the articles contained in this special
feature. By way of introduction, this article presents the
background behind the development of e-POWER and the
distinctive technical features of this new system.

2. Strategic Background

Nissan is pursuing R&D activities along two strategic
axes of electrification and intelligence as shown in Fig. 1.
This strategy is aimed at building a sustainable mobility
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Fig. 1 Electrification and intelligence in Nissan’s R&D strategy
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Fig. 2 Nissan’s powertrain strategy

society by reducing the negative influences accompanying
the widespread use of vehicles. These technologies have a
high degree of affinity and can be effectively applied to
improve environmental issues and eliminate traffic
accidents, among other benefits. Electrification began from
the level of adding electric-drive elements to the traditional
internal combustion engine (ICE). The ratio of motor drive
in overall propulsion is being increased toward the goal of
EV mobility. The e-POWER powertrain described in this
special feature shares the drive system of the Nissan LEAF
and provides synergies effective for the full-scale diffusion
of EVs.

Figure 2 shows the direction of Nissan’s strategy for
powertrain technologies. Efforts are under way to address
environmental issues and enhance competiveness, with
emphasis placed on EVs and ICEs. e-POWER is a series
hybrid system that combines an EV drive system with an
ICE-based power generation system. It is constructed on
the basis of these two priority fields. The evolution of these
technologies will also continuously boost the potential of
this system, supported in particular by the improvement of
ICE and motor efficiencies and the enhancement of
battery performance.

3. e-POWER System

As noted above, e-POWER is one type of series hybrid.
While this type is the oldest in the history of hybrid
vehicles, there have been few examples of mass production.
That is because of problems related to motor/inverter
efficiencies and the system cost, including the battery.
Nissan has been working to resolve these issues, drawing
upon experience gained with the mass-market Nissan LEAF
EV. Indeed, thanks to remarkable technological progress in
the area of electrification, performance has been improved
and costs reduced, both to levels and at a pace unimaginable
just a few years ago.

The e-POWER powertrain described here is a pure
motor-drive system in which the power generation system
is mechanically separated from the propulsion system.
These two features are used to maximum advantage to
provide the following four benefits.

¢ Quick, smooth, linear acceleration feel: The control
technology honed with the Nissan LEAF and the energy
management flexibility allowed by the independent
power generation system are effectively utilized to
deliver EV-like driving performance at all times.

* New driving feel thanks to e-POWER Drive with one-
pedal control: The frequency of switching from the
accelerator pedal to the brake pedal is markedly reduced
by the expanded regeneration region and fine-tuned
deceleration (G) control matching the operating
conditions. This achieves a different dimension of
driveability in city driving and when traveling on winding
roads, among other situations.

H ZE # #’ No.8o (2017-3) 4



New-generation e-POWER Hybrid Powertrain in Nissan’s Electrification and Intelligence Strategy

e 1x¥)arbua—)b “eePOWER Drive” 12X 28 L
VOB RE - KR F T oo [l A SIS o 3k & RIS
U7 il GRIENC L ). 727 euns 7L —F
DB AR Z B % KIEIEGR L, e 1 v 7+«
VT B ETCEIRITTO I ER EH T S,

¢ EVS LWl - K# TOICEf 1L, ICE BB 7
O 7IEB O], H L OV o o F s & X
D, EVS LWl EEH T 5,

eIV NATT)ThY T T ADREMRE : A=
HIATHST L7 FE Y AT LI L0 b B s
VBN E 2 % EEIC T L. e-POWER Drive O a4
HIf L Abe TEWREMEER FEHT 5,

4. & b b [C

A ST — b LA v ePOWERIZ, SEIZIR~<72IUDD
NRATAY MIED1I~22 5 A FOFEMIZTE > TV DK
BrEHTEEEZT0D, ZTDePOWERDE K
FTHIETE—SREIO 7 7 V052 AR EEMLIC
BT 728 —7 A bR A2 E IR L 72V

e Characteristic EV quietness: EV-like quietness is
achieved with the ICE turned off at low vehicle speeds,
by suppressing floor vibration when the ICE is started
and by the improved noise isolation performance at the
vehicle level, among other measures.

¢ Class-leading fuel economy in the compact category:
Thanks to the mechanically independent power generation
system, preference is given to the engine operating point
with the lowest fuel consumption rate. This feature is
combined with regeneration control by e-POWER Drive
to obtain high fuel economy.

4. Conclusion

The aforementioned four benefits of the new-
generation e-POWER powertrain create the feeling that
one is driving or riding in a vehicle one or two classes
higher. It is expected that widespread penetration of
e-POWER will increase the number of motor-drive
enthusiasts and give rise to a movement toward full-
fledged electrification of vehicles.
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Summary

We developed a new powertrain, called e-POWER, for the new Nissan Note to provide

the pleasure of a motor-drive experience for larger numbers of customers. The drive motor (e-Motor)
and control system were originally developed for the Nissan LEAF electric car. The newly developed
e-POWER Drive mode provides a new driving experience for customers. In this mode, the driver can
easily control the vehicle speed just by operating the accelerator pedal alone.

Key words : Power Unit, power train, series hybrid vehicle, electric vehicle (EV)
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1. Introduction

e-POWER is a new electric powertrain that was
developed in Nissan’s electrification program, which forms
one axis of the company’s technology strategy. It was
developed for application to compact cars and is mounted
on the latest generation of the Note. This article explains
the development aims set for e-POWER, presents an
overview of the system, and describes its design and the
newly developed e-POWER Drive mode.

2. Development Aims

The Nissan LEAF pure electric vehicle that was
released in 2010 has continued to evolve through
extension of its driving range and improvement of
driveability, among other attributes. Cumulative global
sales have reached more than 200,000 units. The Nissan
LEAF is highly acclaimed for its excellent driving
performance achieved with a motor-drive system. It takes
advantage of the drive motor (e-Motor)’s ability to generate
maximum torque from a vehicle speed of 0 km/h and to
generate driving force directly at a fixed gear ratio over a
wide range of vehicle speeds. The e-POWER powertrain
was developed with the aim of providing this outstanding
driving experience to larger numbers of customers. To
accomplish that, it was develop for application to the
compact car class in terms of both cost and packaging.

N7 — kLA 7aY s b Powertrain Project Department “EV - HEV ¥ 2 7 4B %8%8. EV and HEV System Engineering

Department
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3. Overview of e-POWER

3.1 System configuration and principal specifications

Classified as a series hybrid, one of eePOWER’s most
significant features is that the drivetrain system and power
generation system are mechanically separated. The system
configuration is shown in Fig. 1. The e-POWER system is
controlled by the vehicle control module (VCM), which is
linked to the motor controller (MC), generator controller
(GC), battery management system (BMS) and the engine
control module (ECM). VMC performs energy management
and driving force control at all times though optimal
power generation.

The distinct feature that the drivetrain system and
power generation system are mechanically separated
provides the following significant advantages. (1) EV
technologies can be shared for the basic components and
control of the drivetrain system, and all driving force can
be generated by the e-Motor. (2) The speed and torque of
the engine used for power generation can be set flexibly
regardless of the operating state of the vehicle. The first
advantage enables the provision of excellent driving
performance obtained with the same motor drive as that
of an EV. The second advantage enables fuel economy to
be improved by operating the engine at the point for the
best fuel economy, and it also allows engine operation
advantageous for noise, vibration and harshness (NVH)
performance. The appearance of e-POWER is shown in
Fig. 2, and the major specifications of the constituent
units are listed in Table 1.

The maximum motor power and torque specifications
are the same as those of the current Nissan LEAF. Figure 3
compares the acceleration characteristics of the Note
e-POWER system and two other types of hybrid vehicles A
and B. It is seen in the figure that the Note e-POWER
system provides better acceleration response than the
other types of hybrid vehicles A and B. Acceleration G
rises quickly to provide smooth acceleration, like the
performance of the Nissan LEAF.

The power generation system consists of an internal
combustion engine (ICE) modified specifically for power
generation use combined with a generator. The engine was
developed based on the HR12DE engine mounted on ICE-

COOOOVOVOVOOVVVOVOVVOVVVOVOVVOVOVVOVVVOVOVOOVOVOOOOOO0

=-1 BRl1Zv bOEFEEF

Table 1 Specifications of e-POWER components

Drive Motor power 80 kW
system Motor torque 254 Nm
Generating | Generator power 55 kW
system Engine type Gasoline 1.3
Engine displacement | 1.2 L
Battery Type Li-ion
Capacity 1.47 kWh
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powered Note models. The battery is of the lithium-ion
type. A high-output type was adopted to provide quick
acceleration response. The e-Motor, generator and inverter
have an independent water cooling system separate from
that of the engine. The Li-ion battery has a dedicated air
cooling system provided inside the battery pack.

3.2 Packaging

Figure 4 shows the in-vehicle layout of the e-POWER
system including the battery pack. The gearbox houses
two gear trains within one package; one serving as the
motor-drive reducer and the other as the multiplier for
engine-based power generation. The drivetrain system and
the power generation system including the engine are
integrally assembled via the gearbox. The inverter is
attached to the vehicle body as a separate unit from the
powertrain. It is connected to both the e-Motor and the
generator via a three-phase wiring harness.

The battery pack features a compact design, enabling
it to be positioned below the front seats. This position does
not affect the occupant space and allows virtually the same
cabin space and luggage area as the ICE-powered Note
models. In addition, positioning the battery inside the
frame shared with the ICE-powered models achieves both
protection for the high-voltage components and occupant
safety without adding any new frame parts. This made it
possible to mount e-POWER on the compact B-segment
platform of the Note.

3.3 Configuration of e-POWER control system

The basic concept for the e-POWER system
configuration was to add an engine as the energy source
for power generation and a generator, thereby enabling
the battery capacity to be reduced and the battery charger
to be discontinued. This is in contrast to an EV that is
configured with an e-Motor, an inverter, a Li-ion battery

g g e e = e g

X-4 e-POWER QE@HLA 7Dk
Fig. 4 In-vehicle layout of e-POWER system
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and a charger. The structure of the control system
designed on the basis of this concept is shown in Fig. 5 in
comparison with that of the Nissan LEAF.

In this comparison of control system structures, in
order to replace the Nissan LEAF’s charging system with
a power generation system, the on-board charger (OBC)
was discontinued and replaced with the ECM and GC. The
drivetrain system has the same control configuration as
that of the Nissan LEAF. The structure of this control
system shares the motor-drive technology and components
honed with the Nissan LEAF.

4. System Design

4.1 Basic system design concept

The e-POWER system has the ability to propel the
vehicle on the power provided only by the Li-ion battery in
typical driving situations (blue and green points in Fig. 6).
The system is designed such that power for propelling the
vehicle is also supplied by the generator under continuous
high-load operation such as when traveling on mountain
roads, among other situations (red points in Fig. 6).
Combining the power supplied by the Li-ion battery and
that of the generator delivers powerful acceleration like
that of the Nissan LEAF.
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4.2 Top-level fuel economy

Figure 7 shows the fuel consumption rate of the
HR12DE engine used in the e-POWER system and the
frequency of engine operation in the practical fuel
economy mode (representative of customers’ driving style
in real-world driving). The fact that the drivetrain system
and the engine are completely separated is used effectively
to select the operating point for the best fuel economy
within the allowable range for various requirements. These
include power performance, driveability, NVH, emissions,
heat, cabin heating, brake negative pressure, parts
protection and diagnosis, among others. For that purpose,
the VCM calculates the target performance for each
component. As a result, e-POWER operates at the point
of the best fuel economy (near 2400 rpm and 70 Nm) with
an overwhelmingly high frequency compared with other
vehicles in this class.

4.3 EV-like quietness

To ensure EV-like quietness, the EV-mode driving
region, i.e., operation on power supplied by the Li-ion
battery alone, has been defined to encompass the low- to
medium-speed range where vehicles are frequently driven
in the Japanese market. In addition, it has also been
defined wider than that of other hybrid vehicles (Fig. 8).
Moreover, in the high-speed region as well, EV-mode
driving is continued as long as possible when the battery
state of charge (SOC) is high. When the SOC falls, power
is generated to charge the Li-ion battery to the extent that
engine noise does not become overly conspicuous, which
is a measure taken against noise.

Figure 9 shows the share of EV-mode driving in each
vehicle speed range for typical driving modes used by
customers in the real world, including driving on city,
mountain, congested and high-speed roads, among other
situations. EV-mode driving accounts for a high percentage
of the driving time, for approximately 90% at speeds below
25 km/h and for approximately 50% in the medium- to
high-speed range.

4.4 Engine speed suitably designed for various
driving situations

Figure 10 shows the target engine speed designed to
match the vehicle speed and acceleration G. In all vehicle
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speed ranges, the engine speed is designed to remain near
2400 rpm as much as possible for excellent fuel economy.
When the driver presses the accelerator pedal hard, the
engine speed is designed to rise to a high level to match
the increase in vehicle acceleration. In addition, in
the high-speed range where large power is needed for
acceleration, the engine speed is held high in preparation
for the next acceleration event.

5. e-POWER Drive Providing a New Driving Feel

A new drive mode has been defined that takes
advantage of the e-Motor used as ee-POWER’s only source
of motive power. Called e-POWER Drive, this mode
combines a new strong power regeneration system, slope
assist, slip-suppression control on low-u surfaces and
other advanced features intended to appeal to customers.
The following sections explain the control procedures and
their effects in this drive mode.

5.1 New driving style provided by e-POWER Drive

Approximately 90% of real-world driving can be
done in the e-POWER Drive mode by just operating the
accelerator pedal alone, thus providing a new driving style.
This requires the provision of the following two elements.
(1) Coasting torque generated by the driver’s operation of
the accelerator pedal must be designed for decelerating
the vehicle. (2) It must be easy to control deceleration until
the vehicle stops.

With regard to the first element of designing coasting
torque, effective use is made of the design flexibility that
is one strength of e-Motor propulsion. As shown in Fig. 11,
that makes it possible to cover more than 90% of the
deceleration events that occur in real-world driving. As a
result, operation of the accelerator pedal alone provides
sufficient deceleration, thereby reducing the need to
switch the foot to the brake pedal to depress it when
decelerating the vehicle.

As for the second element of easy control of
deceleration, an analysis was made of drivers’ operations
when decelerating by operating the accelerator pedal. The
results revealed three patterns that were focused on. One
is operation by ankle motion to produce slight acceleration

GO0V VVOVVVOVVOVOVVOVOVOVVOVOVOVOVOVOVOVOOOOOOOOS
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when following a preceding vehicle. Another is accelerator
pedal operation by using knee action to produce deceleration
for stopping at intersections, for example. The third one
is to lift the foot off the accelerator pedal to decelerate
when the distance to a preceding vehicle is too close. As
shown in Fig. 12, these operating patterns are combined with
the driver’s demanded deceleration to achieve easy control
of deceleration with e-POWER Drive through operation of
the accelerator pedal alone, similar to deceleration of an
ICE-powered vehicle by depressing the brake pedal.

The neutral position of the accelerator pedal with
acceleration of 0 km/h was designed on the basis of the
concepts noted below. This achieves the three points of
easy control of acceleration/deceleration, ease of steady-
speed driving, and little feeling of fatigue when continuing
to depress the accelerator pedal.

e Acceleration pedal effort allowing a stable driving
posture when accelerating.

¢ A sufficient accelerator pedal angle for controlling
deceleration.

e Attaining a natural acceleration pedal angle when
depressing the accelerator pedal.

To further enhance its attractiveness, slope assist
control, slip-suppression control on low-p surfaces, and
gliding control were also incorporated in e-POWER Drive.

5.2 Various control features supporting e-POWER
Drive
5.2.1 Slope assist control

The driving force control system detects constantly
changing road surface information, estimates the slope on
that basis, and provides torque compensation. This feature
is called slope assist control. This control enables the
vehicle to be launched and stopped on uphill/downhill
slopes with the same operation of the accelerator pedal as
on flat road. On downhill slopes in particular, deceleration
may be insufficient if torque compensation control is not
performed, thus requiring operation of the brake pedal for
controlling the vehicle speed. However, with this control
feature, the vehicle speed can be controlled by operating
the accelerator pedal alone up to a downhill slope of -3%.
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Figure 13 shows the effect of this slope assist control.
The results in (a) show that the driver’s demanded driving
force and the vehicle’s driving force coincided, resulting in
zero vehicle velocity and the vehicle stopped. These results
are for complete release of the accelerator pedal on a flat
road. In contrast, the results in (b) are for complete release
of the accelerator pedal on a -2% downhill slope. Owing to
slope assist control, the vehicle’s driving force was smaller
than the driver’s demanded driving force (due to torque
matching with the slope), resulting in zero vehicle velocity.
5.2.2 Slip-suppression control low-p road surfaces

The e-POWER Drive mode provides larger coasting
torque than the Nissan LEAF, so the control system was
improved to maintain stability on low-u road surfaces.
Specifically, as shown in Fig. 14, the previous system
limited coasting torque according to the slip rate. The
e-POWER Drive mode uses a reference model to vary the
coasting torque even at the same slip rate so that it matches
the change in the slip rate. As shown in Fig. 15, this
improved control procedure provides stable deceleration
even in cases involving larger deceleration than that of
the Nissan LEAF.

5.2.3 Gliding control

Repeated acceleration/deceleration by slight
operation of the accelerator pedal causes charging/
discharging of battery power. Attention was focused on
improving fuel economy by eliminating these tiny
conversions of energy. Specifically, the system detects the
desire for slight deceleration in steady-speed driving,
such as when following a preceding vehicle, based on the
driver’s operational inputs and vehicle data and makes
the motor torque 0 Nm. This control suppresses wasteful
charging/discharging of battery power and also suppresses
unnecessary deceleration, which leads to improved fuel
economy. It has the effect of improving fuel economy by
approximately 3-4% in real-world city driving compared
with that without the control. Figure 16 shows the
difference in the frequency of a 0-Nm increase in e-Motor
torque with/without gliding control.

As described here, the e-POWER Drive mode was
achieved through the coasting torque design, which takes
advantage of the design flexibility that is one strong point
of motor drive, and the addition of various control features.
This drive mode delivers a new driving feel and improved
fuel economy in the new-generation Note.
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6. Conclusion

The e-POWER system was developed and implemented
on the new Note with the aim of enabling larger numbers
of customers to enjoy an excellent driving experience
based on the features of motor drive. Toward that end, the
drive system shares the same control system structure and
motor drive control technology and parts with the Nissan
LEAF. It addition, the e-POWER Drive mode that facilitates
driving just by operating the accelerator pedal alone
provides a new driving feel, thanks to its easy control of
vehicle acceleration/deceleration.

Finally, the authors would like to thank everyone
involved within and outside Nissan for their invaluable
cooperation with the development of the new e-POWER
electric powertrain.
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This article describes the electrified powertrain developed for the new e-POWER
system. This powertrain requires a compact package, low cost, and high efficiency to secure
competitiveness against other compact HEVs. The cost of the drive motor (e-Motor) was reduced by
using rare-earth-saving magnets. The generator diameter was shortened by adopting a thin-walled
housing. The inverter has two inverter functions in one compact package, achieved by using power
modules with a new structure. This high-quality powertrain delivers powerful driving performance of
outstanding quality.

Summary

Key words : Power Unit, electric vehicle (EV), hybrid electric vehicle(HEV), motor, generator,
interior permanent magnet synchronous motor, motor drive system, inverter
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1. Introduction

e-POWER was developed as an electrification
technology that forms one pillar of Nissan’s technology
challenge for the future. In November 2016, the Nissan
Note went on sale in Japan, fitted with this new electrified
powertrain.

Continuing the technologies of the Nissan LEAF
electric vehicle (EV), this electrified powertrain is a low-
cost, high-efficiency system that is applicable to compact
cars. Further improvements were made to the motor
control technology to achieve powerful, high-quality
driving performance that only a motor drive can deliver.

This article presents an overview of the electrified
components and the distinctive technologies adopted for
this powertrain.

2. Electrified Powertrain

2.1 Overview

e-POWER represents a new electrified powertrain
system that was developed to achieve both the excellent
driving performance characteristic of an EV and an EV
that does not need charging. The configuration of the
e-POWER system is shown in Fig. 1. The eePOWER system

*EV - HEV I ¥R — %~ M %EEk,~ EV and HEV Component Engineering Department
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| VCM: Vehicle control module
ECM: Engine control module

BMS: Battery management system
K-1 e-POWER X5 LB

MC: Motor controller
GC: Generator controller
Fig. 1 Configuration of e-POWER system
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Fig.2 Appearance of e-POWER

incorporates two motors, one for propelling the vehicle
and the other for use as a generator. It achieves the
objective of freeing customers from the hassle of charging
the battery, while providing an outstanding EV driving
experience.

The appearance of the powertrain is shown in a cut-
away model in Fig. 2. The electrified powertrain of the
e-POWER system is mounted in the engine compartment
at the front of the vehicle. It consists of a drive motor
(e-Motor) that functions as the vehicle’s motive power
source, an engine and a motor that form a generator, and
an inverter that drives and controls the motors.

The power produced by the e-Motor is transmitted
to a reducer (reduction ratio: 7.388) inside the gearbox
and then via the drive shaft to the tires. The generator
is connected to the engine via a speed increasing gear
(increasing ratio: 0.6). The two motors and the inverter are
connected by a three-phase wiring harness. The exchange
of electrical energy between the battery and the two
motors takes place via the inverter. Figure 3 shows the
flow of electrical energy in the electrified powertrain. In
the scene of low driving force such as for starting the
vehicle and traveling at slow speed, the battery supplies
power to the e-Motor (blue arrow) and electrical power is
not generated. In the scene of large driving force such as
for powerful acceleration, the e-Motor is driven by both the
power generated by the generator and the power from the
battery (orange arrow). If the state of charge (SOC) of the
battery drops while the vehicle is at rest, power generated
by the generator is used to charge the battery (pink
arrow).

Figure 4 shows the N-T output characteristics of the
e-Motor. The e-Motor produces maximum torque of 254
Nm and maximum power of 80 kW, the same output levels
as the e-Motor of the Nissan LEAF. In the lighter Nissan
Note, this results in the same or even higher power
performance.

Figure 5 shows the combined efficiency of the
e-Motor and the inverter. Efficiency of approximately 96%
is achieved at the most efficient operating point and
average efficiency of more than 92% is attained under
Japan’s JCO08 test mode.
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Fig. 3 Energy flow in the powertrain
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3. e-Motor

3.1 Overview

Like the e-Motor used on the Nissan LEAF, the
e-Motor of the e-POWER system was designed and is
manufactured in-house. While sharing many technologies
and components with the former motor, the integrated
electro-mechanical structure of the former was changed to
a lead structure for the three-phase wiring harness so as to
make the in-vehicle package viable. The appearance of the
e-Motor is shown in Fig. 6 and its major specifications are
listed in Table 1.

3.2 Reduced use of heavy rare earth elements

Heavy rare earth elements of dysprosium (Dy) and
terbium (Th) are added to the neodymium magnets used
in automotive motors for the purpose of ensuring
coercivity under high operating temperatures. However,
because heavy rare earths are subject to quantitative risk
and the risk associated with uneven regional distribution,
it is desirable to reduce the quantities used as much as
possible. Therefore, the grain size of the neodymium
magnets used in the e-Motor was made finer than that of
previous magnets and also heavy rare earths are dispersed
only on the magnetic grain interface. These measures
made it possible to markedly reduce the quantities of
heavy rare earths used while still maintaining coercivity
equal to that of previous magnets. Figure 7 presents
micrographs comparing the grain size. This change
reduced the quantities of heavy rare earths used by more
than 50% compared with previous magnets, thus
contributing to a large cost reduction.

I g g e = e g

X-6 EF#hE—% (EM57)
Fig.6 EM57 e-Motor
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Table 1 Specifications of e-Motor

Max. torque 254 Nm

Max. power 80 kW

Max. speed 10500 rpm

Outer dimensions 260 mm dia. X 290 mm (L)
Mass 52.3 kg
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Fig. 7 Comparison of magnetic grain size
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Fig. 8 Generator

4. Generator

4.1 Overview

Figure 8 shows the appearance of the generator
adopted for e-POWER, and Table 2 lists its principal
specifications. This generator has the generation capacity
to produce the necessary power required by e-POWER for
delivering the system’s maximum power and for enabling
continuous uphill driving, among other requirements. In
addition, it also functions as a starter for cranking the
engine.

Like the e-Motor, an embedded-magnet synchronous
motor was adopted for this unit to achieve a compact size
and high output. Similar to the magnets of the e-Motor, the
crystal grains of the magnets were made finer to reduce
the use of heavy rare earths, which contributed to lowering
the cost and mitigating the resource risk.

4.2 Downsizing measures

Figure 9 is a side view of the system when installed in
the engine compartment. In order to mount the system on
the Nissan Note compact car, the outer diameter of the
generator was minimized by using a thin-walled water-
cooled housing, and it’s realized a 210-mm outer diameter
in relation to the 180-mm stator diameter. The aim here
was to shorten the center distance between the generator
and the e-Motor. The center distance to the e-Motor was
shortened by approximately 240-mm to satisfy the layout
requirement.

I g g e e e g
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Table 2 Specifications of generator

Max. torque 108 Nm
Max. power 55 kW
Max. speed 10000 rpm

Outer dimensions 210 mm dia. X 240 mm (L)

Mass 30.2 kg
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Fig.9 Side view of engine compartment
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Table 3 Specifications of inverter

356 Arms (30 s)
Max. output current

144 Arms (60 min)
Power source voltage 240-344V
Outer dimensions 422X 406 X 204 mm
Mass 16.9 kg
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5. Inverter

5.1 Overview

The appearance of the inverter is shown in Fig. 10 and
its major specifications are listed in Table 3. This inverter
adopts power modules featuring a new structure. The
inverter used on the Nissan LEAF has an indirect water-
cooled structure in which it is fixed to the aluminum heat
sink incorporating the cooling water passages via an
insulation sheet. The e-POWER inverter has a direct water-
cooled structure in which the heat sink of the power
modules is directly submerged in the cooling water. This
structure reduces the thermal resistance from the power
semiconductors to the cooling water, enabling the cooling
area of the power modules to be reduced by more than
50%. Two inverter functions are incorporated in one
package to achieve almost the same size and mass as that
of the Nissan LEAF inverter.

In addition, the characteristics of the semiconductors
were improved, inductance was reduced, and the drive
circuit was optimized to match the voltage, among other
improvements that were made to achieve the high
efficiency mentioned earlier.

5.2 Motor control

In the eePOWER Drive mode newly adopted on the Nissan
Note, the motor is used to generate large deceleration,
so the motor torque switches frequently between positive
and negative signs. That makes it necessary to suppress
the occurrence of shock caused by the backlash of the
reducer.

Therefore, the previous shaking vibration control was
improved and a new control system was built, taking into
account backlash. As a result, smooth, powerful acceleration
is obtained even in the eePOWER Drive mode.

Figure 11 compares the vehicle longitudinal
acceleration waveforms when torque was input to switch
from regeneration to the e-POWER Drive mode. The
results indicate that the vibration level was improved after
the reversal of the sign of the torque command value.
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Fig. 11 Backlash shock improvement
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6. Conclusion

This article has described the electrified powertrain
developed for the e-POWER system mounted on the
Nissan Note for producing maximum torque of 254 Nm
and maximum power of 80 kW as driving force and output
of 55 kW as generated power. All of the powertrain
components embody technologies for achieving at a
reasonable cost the performance demanded of this system
under a wide range of driving conditions. Efforts were
also made to further improve the quality of the driving
experience. We will continue our R&D activities for
providing more attractive vehicle performance at lower
cost with the aim of gaining widespread acceptance of EVs
in the marketplace.
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Development of a Li-ion Battery for eePOWER
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Summary Nissan has been developing environmental technologies aimed at achieving the ultimate
goal of "zero emissions" into the environment. e-POWER, which combines an engine for power
generation and Nissan’s advanced motor-drive system honed through use on the Nissan LEAF, is one of
these environmental technologies. This article describes the development of a Li-ion battery for

e-POWER.

Key words : Automotive General, series hybrid vehicle, lithium-ion battery
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1. Introduction

The e-POWER system consists of an engine for power
generation, a drive motor(e-Motor), a motor for power
generation, an inverter, a gearbox and a lithium-ion (Li-ion)
battery pack. It provides the quiet operation and smooth,
powerful acceleration that only a motor-drive system can
deliver. The Li-ion battery in this system serves to store
the electric power regenerated by the motor and that
generated by the engine and to supply it to the e-Motor.
A key point for ensuring quietness and improving fuel
economy with the e-POWER system is to reduce the
frequency of starting the engine. In this connection, the
Li-ion battery is required to have a higher level of charge/
discharge performance than that of batteries used on
previous hybrid vehicles. An important factor in satisfying
this required charge/discharge performance is the cooling
system design for the Li-ion battery.

This article describes the specifications, layout and
cooling system of the compact, high power Li-ion battery
developed for the e POWER system.

2. Overview of Li-ion Battery for e-POWER

2.1 Battery pack layout in vehicle

The e-POWER battery pack is installed under the
front seats. This layout was chosen to ensure interior
roominess and ease of use without sacrificing the rear-seat
space and luggage area capacity within the limited interior
space of a compact car. The battery pack was downsized to
enable installation in the limited space under the front
seats. Consequently, the battery pack can be installed on
non-e-POWER models by simply making minimum changes

*EV - HEV /Ny 7 1) — B3, EV and HEV Battery Engineering Department
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Fig.1 Battery pack layout in vehicle

to the body parts.

In addition, the vehicle frame for protecting the
occupants in a collision is present under the front seats.
Positioning the battery pack in this area surrounded by the
vehicle frame provides a structure that can lessen damage
to the battery in the event of a collision. The in-vehicle
layout of the battery pack is shown in Fig. 1.

2.2 Battery pack

The e-POWER Li-ion battery consists of one module
comprising 20 cells connected in series, and four modules
are arranged in series to make the battery pack. A new
welding technique was adopted to form the electrical
connections between the cells in the modules. There are a
total of 80 cells, which produce a nominal voltage of 292 V.
The interior of the battery pack has a two-level structure,
with the modules comprising the lower level and the
auxiliaries (battery management system, junction box,
service switch and DC-DC converter) positioned on the
upper level. This layout enabled the battery pack to be
downsized.

The battery case separates dustproof and waterproof
functions from the requirements for strength and stiffness.

B e o o o R

z1 NyFUNYIEBIRY T
Table 1 Main specifications of battery pack

Ttem Description

Cell Structure Prismatic type
Nominal capacity 5 Ah
Module [Number of cells 20 cells in series
Number of modules 4 modules in series
Pack Nominal voltage 292V
Total energy 1.47 kWh
Weight” 41 kg

*without DC-DC converter

Metal frame

Module

Metal frame Plastic case

Upper

Right
'71‘\‘Left

Front

®-2 NwF Uy IEm
Fig. 2 Battery pack architecture
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The case is composed of two parts, a plastic case and a
metal frame, for increased layout flexibility. That made it
possible to position the battery in the complex, and limited
space under the front seats of a compact car.

Table 1 lists the main specifications of the battery
pack, and the architecture of the battery pack is shown in
Fig. 2.

3. Battery Cooling System Design

The battery cooling system consists of a battery
cooling fan, cooling air inlets and an outlet duct. The
negative-pressure cooling fan induces cooling air into the
battery pack from the air in the interior through the inlets
under the front seats to cool the battery cells and the
DC-DC converter, and the air is exhausted through the
outlet duct.

The architecture of the battery cooling system is
shown in Fig. 3, and the airflow inside the battery pack is
illustrated in Fig. 4.

Cooling air induced through the two inlets each on
the left and right sides of the battery pack flows between
the cells inside the modules; the flows are then combined
inside the battery pack and exhausted through the outlet
duct at the rear of the battery pack.

As mentioned earlier, the battery cooling design is
a vital aspect of the e-POWER system. If the modules are
not properly cooled and the cell temperature rises to a
high level, the battery will not be able to fully provide
charge/discharge performance. The cooling system of the
e-POWER battery pack is configured with four cooling air
inlets so that cool air from the vehicle interior is supplied
separately to each of the four modules in the pack. This
design enables effective cooling of each of the modules,
thereby ensuring that the Li-ion battery can satisfactorily
deliver the charge/discharge performance required by the
e-POWER system.

In addition, the battery cooling fan is controlled to the
optimal speed according to the cell temperature and the
vehicle background noise. This achieves outstanding
quietness simultaneously with the excellent charge/

OOV OVOVOOVVVOVOVOVOV0VOVOVOVOVOVOOVOVOOOVOOOOOOOO

Cooling fan speed
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Fig.5 Concept of cooling fan control
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Fig. 6 Mean effective power of Li-ion battery in different
driving situations

discharge performance of the Li-ion battery. The concept
for controlling the cooling fan speed is shown in Fig. 5 in
relation to the battery temperature and the acceptable
noise level.

The mean effective power of the Li-ion battery is
shown in Fig. 6 for various driving patterns that involve
different motor loads.

High levels of charge/discharge performance are
required of the Li-ion battery for reducing the frequency of
starting the engine in the ee-POWER system. The amount
of heat generated by the Li-ion battery is determined by
the power level and frequency of charging/discharging.
For that reason, driving on mountain roads with frequent
acceleration/deceleration is the driving pattern where the
mean effective power of the Li-ion battery becomes the
highest. The battery cooling system has been successfully
designed to provide both the targeted quietness and
charge/discharge performance even in this type of driving
pattern.

Figure 7 shows the cell temperature measured during
driving on a mountain road where the mean effective power
of the Li-ion battery is the highest as indicated in Fig. 6.
The cell temperature rose right after starting to
drive on the mountain road. Because each module was
effectively cooled, it is seen that no large temperature
differences occurred between the cells and the cell
temperature reached a saturation state.

This cooling effect seen for mountain road driving
was also confirmed in various other driving situations.
Because the cell temperature is properly maintained, the
Li-ion battery is able to display its maximum performance.

4. Conclusion

The interior roominess and ease of use of the new
Note compact car were maintained by positioning the new
compact, high power Li-ion battery developed for the
e-POWER system under the front seats. As described here,
the battery temperature is optimally maintained in all
types of driving situations to enable the Li-ion battery to

deliver its maximum performance.
B R o R R -

Cell temperature

Temperature [degC]

Intake-air temperature
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Fig.7 Cell temperature measured in mountain road driving
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Development of New Small 3-cylinder HR12DE Gasoline Engine for ee POWER
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Summary

A new small 3-cylinder 1.2L gasoline engine (HR12DE) was developed for the electric

power source of the new e-POWER powertrain. This engine achieves low fuel consumption to meet the
e-POWER requirement through thermal efficiency improvement and reduction of pumping loss and
mechanical friction because it serves only as the electric power source in this powertrain.

Key words : Power Unit, e-POWER, gasoline engine, thermal efficiency
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1. Introduction

There are strong demands for environmental
performance such low exhaust emissions in Japan’s small
car market owing to heightened awareness of environmental
concerns partly as a result of the appearance of hybrid
vehicles in recent years, among other factors. In order to
respond to such market demands, Nissan has launched the
Nissan LEAF and other electric vehicles (EVs), aiming
to attain zero emissions through vehicle electrification.
The new e-POWER powertrain has been put on the market
as one of Nissan’s electrification technologies.

e-POWER represents an all-new powertrain with
a pure motor drive system in which power for propelling
the vehicle is generated by running an engine instead of
relying on external charging. This system is intended to
enable many people to experience the excellent driving
performance of EVs. The engine is not directly connected
to the drivetrain, but rather serves as a power source
for generating electric power. The generated power is
used to charge the lithium-ion (Li-ion) battery and is
supplied directly to the drive motor (e-Motor) at times
for propelling the vehicle.

e-POWER puts the following requirements on the
engine.

(1) Output performance as the energy source for
generating electric power sufficient to meet the power
performance required of eePOWER.

(2) Acceptable fuel economy and emissions performance
as the only unit that consumes fuel.

(3) Compact size as an integrated powertrain.

TR T 3/ U447 Aichi Machine Industry Co., Ltd. **737 — b L 1 Vil %3, Powertrain Control Engineering

Department
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Table 1 Specifications of engines

Engine e’POWER HR12DE HR12DDR HR12DE

Inline 3 cylinder
Aluminum with

Inline 3 cylinder
Aluminum with

Inline 3 cylinder

Engine type Aluminum with

mirror bore coating | mirror bore coating steel liner
Displacement [cc] 1198 1198 1198
Borexstroke [mm)] 78.0x83.6 78.0%83.6 78.0x83.6
Compression ratio 12.0:1 12.0:1 10.2:1
Max. power [kW/rpm] 58/5400 72/5600 58/6000
Max. torque [Nm/rpm] 103/3600-5200 142/4400 106/4400
Variable valve INT: Hydraulic INT: Hydraulic INT: Hydraulic
timing control EXH: Without EXH: Hydraulic EXH: Without
EGR system Cooled EGR EGR EGR
Fuel injection MPI . DIG MPI

Dual injection Single injection

DLC* coating

Piston top ring/oil ring DLC* coating DLC* coating

Valve lifter DLC* coating DLC* coating No coat

Starter motor Without With With

Water pump Electric Mechanical Mechanical

A/C compressor Electric Mechanical Mechanical

Alternator Without With With

Accessory drive belt Without With With
*Diamond-like carbon
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The HR12DE engine was developed specifically for
power generation use in order to meet these requirements
imposed by e-POWER.

2. Development Aims

2.1 Engine selection

The e-Motor adopted for e-POWER has the same
rated output as the Nissan LEAF drive motor. The Li-ion
battery capacity was selected to facilitate vehicle
operation on the power supplied only by the battery in
typical driving situations. On the other hand, acceleration
performance equal to that of the Nissan LEAF was desired
in mountain road driving and other situations involving
continuous operation under a high load. That aim would be
met by running the engine to generate power by the
generator for supplying additional power to the e-Motor. To
accomplish that, the maximum output required of the
engine was set at 58 kW.

An engine in the 3-cylinder 1.2L HR12 series of
gasoline engines was selected as the unit capable of
providing optimal levels of fuel economy, emissions
performance, compactness and noise, vibration and
harshness (NVH) performance, while delivering the
required maximum output of 58 kW. Among the units in
this series, the HR12DDR engine with the highest potential
for thermal efficiency improvement was selected as the
base unit for the development of the e-POWER engine.

2.2 Engine development aims

In addition to satisfying the aforementioned three
requirements for the e-POWER engine (i.e., power
performance, emissions/fuel economy and compactness),
the following development aims were also defined for the
engine.

* Selection of specifications specifically for operating at
the point for the best fuel economy when driving the
generator.

¢ Optimization of the scope of changes in order to heighten
common use of parts and production facilities with other
HRI12 series engines.

COCOCOOPOCOCOOPOCOOPOCOCOOCOCOOOOCOO

H-1 IVIVHER
Fig.1 Appearance of HR12DE engine
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Fig.2 Characteristics of demanded torque and power

3. Major Engine Specifications

The major specifications of the HR12 series engines
are listed in Table 1 and the appearance of the HR12DE
engine is shown in Fig. 1. In line with the development
aims, the eePOWER engine continues the measures applied
to the HR12DDR engine to improve thermal efficiency, i.e.,
a compression ratio of 12.0:1 and mirror bore coating, as
well as the Miller cycle and other measures taken to reduce
pumping loss. In addition, it also adopts measures Nissan
has previously applied to improve fuel economy, such as
cooled exhaust gas recirculation (EGR), an electric water
pump, and an electric air conditioner compressor.

Because the engine was intended for the e-POWER
system that includes an e-Motor, measures for improving
power output such as direct fuel injection and a
supercharger were not adopted. In addition, the starter
motor and alternator were also discontinued because the
generator would be used to start the engine and the
voltage of the generated power could be changed before
use by the DC-DC converter. As a result, the fuel economy
of the engine for e POWER was optimally improved.

4. Features and Major Technologies Adopted

4.1 Operating modes of e-POWER engine

The engine and drive shaft in the new e-POWER
electrified powertrain are not connected mechanically, so
the engine is not directly related to driveability. That
allowed a certain level of torque to be defined for each
engine speed specifically for the required power generation
(Fig. 2). Moreover, when the engine is operating, it is
mainly controlled to a certain steady speed at an operating
point for good efficiency. The frequency of stopping the
engine has also been increased, which contributes to
achieving the quietness and high fuel economy that are
attractive features of e-POWER.

4.2 Fuel economy of e-POWER engine
The electric power that is the driving energy source of
e-POWER is mainly generated by burning fuel in engine

COCOOVCOGOOOOOOCOOOOGOOPOOGOGOOCOCOCOOO
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e e-POWER HR12DE
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Fig. 3 Comparison of fuel consumption
(engine speed: 2400 rpm)
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combustion to drive the generator, though it is also
generated by regenerative braking. Therefore, in order to
improve vehicle fuel economy, it was necessary to enhance
the fundamental nature of the engine, which is the only
unit that consumes fuel in this powertrain.

Efforts were made to increase thermal efficiency,
which is a basic technical approach to improving the
fundamental nature of the engine. Toward that end,
pumping loss and friction were reduced to lower energy
losses, enabling the fuel consumption rate shown in Fig. 3
to be achieved. The HR12DE engine developed for
e-POWER improves fuel economy by approximately 6%
over that of the HR12DDR engine at the operating point
for best fuel economy.

The technologies adopted for the HR12DE engine are
explained in detail in the following sections.

4.3 Technologies for improving thermal efficiency

In order to increase thermal efficiency, the intake port
and combustion chamber were designed for the optimal
static air flow coefficient (Cv) and tumble ratio, and the
same high compression ratio as that of the HR12DDR was
adopted. Direct fuel injection was not adopted for the
purpose of avoiding the drive losses of a high-pressure fuel
pump. Another reason is that one feature of eePOWER is
that the power and torque response required at low engine
speeds are low. On the other hand, dual injectors were
adopted for fuel injection outside the cylinders in order to
improve combustion stability by promoting atomization of
the fuel spray.

Mirror bore coating was also continued to improve
heat conduction from the combustion chamber. Combined
with the cooling effect of cooled EGR, which was adopted
for the first time in the HR engine series, that works to
prevent knocking even under the high load and heavy EGR
conditions where the engine is mainly operated. As a
result, the ignition timing was advanced for improving
thermal efficiency (Fig. 4).

4.4 Technologies for reducing pumping loss

Similar to the HR12DDR, the Miller cycle and intake
valve timing control (VTC) were adopted as measures for
reducing pumping loss. The application of heavy EGR by
the cooled EGR system adopted for suppressing knocking
also contributes to reducing pumping loss.

4.5 Reduction of friction

Sliding parts were improved in a thoroughgoing effort
to reduce friction. A diamond-like carbon (DLC) coating
is applied to the valve lifters, piston top ring and piston
oil ring as a surface treatment. As another measure, the
width of the piston second ring and the main bearing was
narrowed to reduce the area of contact. In addition, the air
conditioner compressor was electrified by taking advantage
of the high voltage generated by the generator. Because
the high voltage can be reduced by the DC-DC converter
to a lower voltage for the 12V battery, the alternator was
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also discontinued. Additionally, the water pump was also
electrified, thereby reducing load losses. The accessory
drive belt was also discontinued because it was no longer
needed.

These measures reduced mechanical friction by
approximately 35% compared with that of the HR12DDR
(Fig. 5).

4.6 Engine starting method

The generator incorporated in the e-POWER system
is used for starting the engine, making it possible to
discontinue the starter motor and ring gear adopted for
engines previously.

The large 55-kW output of the generator is used to
increase the engine speed faster and higher at engine
start, which works to suppress the vibration transmitted
to the body, together with the effect of the Miller cycle.
This method of starting the engine was selected for the
purpose of accentuating the quietness of e-POWER.

Starting the engine by using the high output of
the generator reduces the starting torque produced by
combustion at engine start to a lower level than that for
engine start by a conventional starter motor. That
facilitates fuel-efficient engine start because low-speed,
high-load engine operation can be avoided. Figure 6
compares the engine start profiles.

4.7 Exhaust emissions

Although the engine does not propel the vehicle in
the e-POWER system, the combustion energy of the engine
is used for power generation. This means that exhaust
emissions must be controlled just as is necessary for
conventional engine-powered vehicles.

As done previously, emission control performance at
engine start is enhanced by retarding the ignition timing
so as to warm up the catalyst more quickly for faster light-
off. In addition, because the engine and the drive shaft are
not connected mechanically, the optimal engine operating
point for emissions can be set irrespective of the vehicle
speed.

On the other hand, repeated starting and stopping of
the engine affects emissions performance, but the engine
in the e-POWER system operates less frequently than the
engine of previous hybrid vehicles. Once started, the
engine is controlled to operate mostly at a steady speed
and battery charging proceeds efficiently. Consequently,
excessive exhaust emissions are suppressed during engine
operation. This obtains clean emissions performance
comparable to that of engine-powered vehicles.

4.8 Engine control

The entire powertrain of the e-POWER system is
controlled by the vehicle control module (VCM). Energy
management driving force control are performed at all
times through optimal power generation. In particular, the
engine speed and torque are controlled as explained below.
(1) The engine speed is set to match the speed of the
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generator, which is controlled by the demands from the
VCM.

(2) The engine torque is controlled by the engine control
module (ECM) according to the demands from the
VCM.

One characteristic of e-POWER is that it can flexibly
control the engine operating point. Unlike engine-powered
vehicles in which driving force is demanded based on
operation of the accelerator pedal, it is necessary for the
engine to closely trace the operating point according to
energy management demands regarding the electric
power balance. Therefore, e-POWER requires higher
torque accuracy and response than conventional engine-
powered vehicles. That requirement has been met by
discontinuing some accessories and improving the control
procedure. In addition, the engine was optimally calibrated
to satisfy the required accuracy and response by making
full use of a virtual and real simulation (VRS) bench.

5. Conclusion

A 3-cylinder 1.2L gasoline engine featuring high
power performance and fuel economy was developed as
the power source for electric power generation in the
e-POWER system. This engine enables the high power
performance and environmental friendliness that are
obtained by motor drive and typify the attractiveness
of e-POWER. Based on the HR12DDR engine, the new
HR12DE engine can deliver these performance attributes
as a result of selecting and improving the engine
specifications specifically for power generation.

In addition, engine speed control and torque control
accuracy and response were also improved in order to
meet the fine-tuned demands for electric energy
management. It is expected that the high-precision engine
torque control and energy management system developed
for the e-POWER engine will also contribute to improving
the attractiveness of engine-powered vehicles in the future.

Finally the authors would like to thank everyone
concerned within and outside the company for their
invaluable cooperation with the development and
commercialization of this engine.
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Development of a New Gearbox for eePOWER
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Summary We developed a new gearbox that integrates two gear trains functioning as a reducer
and a multiplier. It was designed with a narrower width to enable installation in an existing compact
engine compartment. It adopts a lubrication system that balances low noise, a low-cost structure, high

durability and high efficiency.

Key words : Power Transmission, electric vehicle (EV), power train, gear box
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1. Introduction

A new gearbox was developed in order to construct
the e-POWER powertrain. It was necessary to satisfy
certain special requirements in order to deliver the
attractive performance that characterizes motor drive.

This article presents a technical overview of the
gearbox (Fig. 1) developed specifically for the e-POWER
system mounted on the Nissan Note.

2. Development Aims for New Gearbox

The following four development aims were defined
and achieved for the new gearbox based on the vehicle
concept.

(1) The overall structure should allow a compact layout.

(2) The gear specifications and noise, vibration and
harshness (NVH) levels should achieve outstanding
quietness.

B R e R e R

Gearbox

/ \ L,
Car front Left i

Engine for e-Motor

power generation

X-2 e-POWER %#7
Fig.2 Appearance of e-POWER powertrain
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(3) The lubrication system should achieve low friction and
optimal lubrication.

(4) The electric shift control system should provide a new
shift feel.

3. Overview of Gearbox and Compact Design

The appearance of the e-POWER powertrain is shown
in Fig. 2. The engine for power generation is located on the
right side of the vehicle and the drive motor (e-Motor) and
generator are positioned on the left side. The gearbox is
laid out in between as if to connect them.

As shown in Fig. 3, the gearbox consists of a three-
shaft, two-stage reducer (gear ratio: 7.388) for transmitting
the power of the e-Motor to the drive shaft and a three-
shaft, two-stage multiplier (gear ratio: 0.6) for transmitting
the engine power to the generator. Based on the reducer
used on the Nissan LEAF pure EV, the reducer has a gear
arrangement suitable for the e-Motor that is positioned
higher than the corresponding motor on the Nissan LEAF.
The multiplier has a gear arrangement suitable for the
layout from the engine to the generator. In developing
the new gearbox, it was necessary to minimize its width
in order to position the engine, gearbox and motors in
a single row in the existing engine compartment. The
distance between the bearings supporting the gearbox
was shortened by approximately 30 mm from that of the
reducer used on the Nissan LEAF, and a double-mesh idler
gear was adopted for the multiplier. These measures made
the desired layout possible (Fig. 4).

4. NVH Design for Outstanding Quietness

In order to provide the outstanding quietness that is
one distinctive feature of e-POWER, engine noise during
power generation must be suppressed, in addition to
having an overwhelming sensation of quietness during
motor drive. That requires rigorous suppression of gear
noise to a low level. A remarkably quiet gearbox was
successfully achieved as a result of applying the gear
design knowhow gained in developing the dedicated
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Table 1 Specifications of reducer gears

Input Main Main Final
#1 #2
Number of teeth 21 59 27 71
Total gear ratio 7.388
Thickness of teeth 27.5 26.0 325 28.0
QOutside dia. 61.9 159.6 76.9 191.0
Root circle dia. 48.8 146.3 63.6 178.1
Dia. of shaft D30 D43 O35 —
Center distance 104.8 128.0
(mm)
Surface finishing | Honing | Grinding | Honing | Grinding
K- 1R mERT
Table 2 Specifications of multiplier gears
Input Reduction Output

Number of teeth 35 51 21
Total gear ratio 0.6
Thickness of teeth 28.5 23.0 28.5
Outside dia. 82.2 115.6 51.3
Root circle dia. 711 104.5 40.6
Dia. of shaft D32 D40 D32
Center distance (mm) 94.0 | 78.7
Surface finishing Honing ! Honing ! Honing
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reducer of the Nissan LEAF and effectively utilizing
NVH simulation technology. The principal specifications
of the reducer and multiplier gears are given in Tables 1
and 2, respectively, and the techniques that were used are
explained below.

4.1 Optimization of meshing orders

Because this gearbox has two gear trains, gear noise
can worsen in cases where their meshing orders interfere
with each other. To avoid that, the numbers of teeth were
selected so that meshing order interference would not
occur, while still maintaining the required gear ratios.

4.2 Assurance of contact ratio

Although the width of the gearbox was narrowed,
the maximum gear width was assured and the gear
specifications and contract ratio were set equal to those
of the dedicated reducer of the Nissan LEAF.

4.3 Application of tooth surface finishing

A tooth surface finishing process was added for all
tooth surfaces after the heat treatment in order to improve
robustness against gear noise variability induced by mass
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Fig. 7 Oil loops for lubrication

production and alignment error resulting from reduction
of the gear width. As a result, gear specifications were
achieved that combine strength and durability equal to that
of the start-off gear in a manual transmission with the
quietness of the high-speed cruising gear (Fig. 5).

4.4 Powertrain NVH performance

As a result of conducting an NVH simulation for the
entire powertrain, an optimally shaped gusset (Fig. 6) was
added to improve connection rigidity between the engine
and the gearbox, in addition to reducing the NVH levels of
the gearbox itself. This measure helped to achieve a high
level of NVH performance for the powertrain, including
motor noise.

5. Low Friction attained with Optimum Lubrication
System Design

The gearbox was developed based on the following
concept of a system in which churning of the oil by the
rotation of the gears lubricates all parts of the gearbox.

(1) Optimal minimization of the oil quantity to reduce loss
due to oil churning.

(2) Discontinuation of the oil pump to eliminate oil pump
drive losses.

(3) Optimal rib placement so that oil also reliably reaches
the highest positions.

(4) Assurance of lubrication performance for combined
operation of the reducer and multiplier in all types of
driving situations.

5.1 Oil circulation plan

Large oil loops were planned based on the focal points
of the oil supply destination, churning method, flow
passages and method of circulation relative to the layout
of each gear (Fig. 7). Priority was given to the examination
of three points: oil loop 1 (part A) for efficient churning
of the oil by the final ring gear during driving; oil loop 2
(part B) for efficient churning of the oil by the reduction
gear during power generation; and assurance of flow passages
(part C) for oil circulation.
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In line with this plan, the placement of lubrication ribs
(guides) for controlling the flow of oil was determined. The
ribs were achieved using the thin rib shapes of the cast-
iron case without adding any additional parts (Fig. 8).

5.2 Defining a viable oil level for various driving
situations

In examining lubrication inside the gearbox, it is
necessary to consider situations when the engine is
running while the vehicle is at rest and not just the times
when the vehicle is moving. For example, in the vehicle
attitude shown in Fig. 9 when traveling uphill, lubrication
oil tends to collect on the reducer side and decreases
around the multiplier gears. Driving conditions like this
that are specific to e-POWER were identified, and the
minimum necessary oil quantity was defined for ensuring
an oil level churnable by the gears in every driving
situation. That was accomplished by setting a suitable
clearance between the gears and the ribs and by adding a
slit in the top of the ribs for securing oil passages. These
and other measures worked to reduce oil churning
resistance.

As a result, gearbox friction was reduced by
approximately 1% compared with that of the reducer used
on the Nissan LEAF, which contributes to improving fuel
economy (Fig. 10).

6. Adoption of Electric Shift Control System

The electric shift control system used on the Nissan
LEAF was adopted to achieve performance characteristic
of ee-POWER even for shifting operations (Fig. 11). This
electric shift control provides a new shift feel whereby
shifting is actuated immediately with just one touch of the
shift lever. In addition, structurally it also contributes to
a more compact layout and lighter weight by eliminating
the need for a mechanical cable to operate the gearbox.
The layout space was also improved by integrating the
electric shift control module with the vehicle control
module (VCM).

7. Conclusion

The following points were accomplished through the
development of the e-POWER gearbox.

COCOCOOPOCOOOOPOCOOPOCOCOOCOCOOCOCOO

Parking brake actuator

Selector lever

VCM (incorporating
shift control module)

Gearbox

K-11 &E&l>7 3 bO—-ILY AT LA
Fig. 11 Electric shift control system
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(1) Two gear trains functioning as a reducer and a
multiplier were positioned compactly between the
engine and the motors.

(2) NVH performance providing excellent quietness was
attained by applying the design knowhow gained with
the Nissan LEAF gearbox, NVH simulation technology
and high-accuracy tooth surface finishing processes.

(3) A low-cost lubrication system with low energy losses
was developed that satisfies the operating conditions
specific to e-POWER.

(4) A more compact gearbox and a new shift feel were
achieved by adopting an electric shift control system.
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Summary

The new e-POWER electric powertrain was adopted on the new Nissan Note to further

popularize fuel-efficient vehicles. It achieves highly competitive noise and vibration performance. This
article describes the noise and vibration reduction technologies employed, especially those related to
e-POWER’s unique engine control, taking into account the features of the system from noise and

vibration perspectives.

Key words : Performance, Noise, Vibration, power train, series hybrid vehicle
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1. Introduction

Reducing carbon dioxide (COz2) emissions is an urgent
issue in the development of new vehicles. In this regard,
Nissan launched mass production of the Nissan LEAF
electric vehicle (EV) and put it on the market in 2010.
The new e-POWER electric powertrain was developed
and adopted on the new-generation Note with the aim of
further popularizing vehicles having a low environmental
impact. This article describes the features of eePOWER
from the perspectives of noise and vibration and explains
the technologies adopted to achieve outstanding quietness.

D R e =

K-2 e-POWER Y5 LBIE
Fig.2 e-POWER system
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2. e-POWER Overview

Various types of electric powertrains have been
developed and are being sold today, including series
parallel hybrids, plug-in hybrids, battery electric vehicles
(BEVs), range extenders (REs), fuel cell electric vehicles
(FCEVs) and bio-fuel cell vehicles (BFCVs), among others.
e-POWER differs from all of them in that driving force
is generated by a drive motor(e-Motor) alone, and the
necessary energy is provided by a generator set consisting
of an engine and a motor. This represents a new type of
series hybrid system. A major feature of this system is that,
like some range extenders, driving force is not limited in
most driving situations even if the battery state of charge
(SOC) drops. This feature combines the excellent driving
performance of motor drive, especially its quietness, with
the convenience of not having to charge the battery (Fig.

D.

2.1 System overview

The e-POWER configuration adds an engine and a
motor for power generation use to the e-Motor, inverter
and battery that were developed for the Nissan LEAF and
for which much technical know-how has been accumulated.
Excluding the battery, all of the components are mounted
in the engine compartment, which minimized the scope
of the changes made compared with the gasoline-engine
Note models. A pendulum type of anti-vibration structure
and a noise damping structure were designed to match
the e-POWER system (Fig. 2).

2.2 Operating modes

This section explains the operating modes of
e-POWER. The only unit producing driving force is the
e-Motor. The electric energy produced by the generator
set, comprising a gasoline engine and a motor, is supplied
to the e-Motor and the battery.

The flow of energy for propelling the vehicle has the
following three patterns for the supply of electric energy
to the e-Motor (Fig. 3).
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Fig.3 Operating modes of e-POWER
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Table 1 Noise and vibration characteristics of e-POWER
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(a) Only the energy stored in the battery (when the
battery SOC is high and the driving load is low) (Fig.
3-(a))

(b) Only the energy generated by the generator (when the
battery SOC is low) (Fig. 3-(b))

(©) Energy from both the battery and the generator (high-

load driving situations)

In addition, like other electric powertrains, kinetic
energy is regenerated by the e-Motor and stored in the
battery during vehicle deceleration. Because the drive
wheels are connected mechanically only to the e-Motor,
highly efficient energy regeneration is possible with little
energy loss (Fig. 3-(c)).

3. Principal Noise/Vibration Phenomena

This section explains the principal noise and
vibration phenomena produced by e-POWER. Besides
motor noise and other phenomena that occur in common
with the Nissan LEAF and HEVs, the noise and vibration
phenomena produced by e-POWER also include engine
noise and vibration during power generation as well as
motor noise (Table 1).

In addition to conventional design measures against
noise and vibration, the noise and vibration performance
design took into account engine control, for which there
is greater flexibility because the engine is operated
specifically for power generation use. This article
especially explains the latter measures that were newly
taken to deal with the noise and vibration phenomena
produced by e-POWER.

4. System Features from Noise and Vibration
Perspectives

Before explaining the concepts of the noise/vibration
design, this section describes the features of eePOWER
from the perspectives of noise and vibration.

The engine speed and torque can be set arbitrarily as
desired regardless of the vehicle speed and drive state
because the engine is completely separated from the drive
shaft and is used only as the energy source for power
generation. In conventional powertrains, the engine speed
and torque have been limited within the range of the
reduction ratio of the transmission. While e-POWER has
a high degree of design flexibility, when viewed from
the perspectives of noise and vibration, it has conditions
that are advantageous and disadvantageous compared
with conventional powertrains. As typical examples, the
following discussion explains two advantageous conditions
and one disadvantageous condition (Fig. 4).

One advantageous condition is that the vehicle is
propelled by the e-Motor alone with the engine turned off
at relatively low vehicle speeds and also low loads, which
typify operating conditions in city driving, for example.
This is possible because the drive shaft and the engine are
completely separated, and it allows outstanding quietness
to be achieved (Fig. 4-(a)).
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Another advantageous condition is that engine noise
can be suppressed and made less conspicuous by masking
it with background noise such as tire noise and wind noise
(Fig. 4-(b)). This is possible because of the greater design
flexibility allowed for setting the engine speed and torque
at relatively high vehicle speeds and medium load levels
like the conditions of expressway driving.

On the other hand, one disadvantageous condition
is that the engine speed may become higher than that of
conventional gasoline-engine vehicles at relatively low
vehicle speeds and high loads such as the conditions
typified by rapid acceleration. That is because of the
demand for battery charging in addition to power generation
for providing the energy needed to propel the vehicle. (Fig.
4-(0)).

5. Concepts for Noise/Vibration Design

This section explains the concepts for the noise
and vibration design with respect to the three typical
conditions described in the preceding section.

The basic concept is to improve quietness by
controlling the engine speed and torque so as to expand the
advantageous conditions and curtail the disadvantageous
condition. That is accomplished by effectively using the
greater design flexibility allowed by e-POWER for setting
the engine speed and torque relative to the vehicle speed,
as mentioned above.

With regard to the first advantageous condition of
motor drive at low vehicle speeds and low loads, the time
when the vehicle is propelled only by the e-Motor with the
engine turned off has been expanded within the range
where the energy balance between vehicle propulsion and
power generation is viable (Fig. 5-(a)).

With regard to the second advantageous condition
while operating at high vehicle speeds and medium loads,
the system is designed such that engine noise becomes
smaller relative to the background noise by regulating
engine control. At that time, the control procedure also
gives priority to torque so that more electric energy can be
generated while suppressing the engine speed as much as
possible. This control takes into account sensitivity to the
engine noise level as will be described later (Fig. 5-(b)).

Lastly, with regard to the disadvantageous condition
of a higher engine speed during high load operation,
electric energy generated at high efficiency and stored in
the battery is used effectively so as not to operate the
engine as much as possible or to control the engine speed
to a low level if it is operated. This design works to reduce
the engine noise level (Fig. 5-(c)).

The following sections explain in detail these three
design concepts and the outstanding quietness attained
as a result.

5.1 Maximization of motor-drive region

Generally, background noise levels such as tire noise
and wind noise are low and engine noise tends to be
conspicuous when traveling at low vehicle speeds (Fig. 6).
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e-POWER has been designed to keep the engine turned
off over a wider vehicle speed range than previous hybrid
powertrains (Fig. 7), which results in a lower level of
engine noise. Accordingly, this gives e-POWER an advantage
over powertrains that run the engine while propelling the
vehicle.

5.2 Power generation that masks engine noise with
background noise

In contrast to the condition in the preceding section,
background noise is large when traveling at high vehicle
speeds. With conventional powertrains, the balance
between background noise and engine noise is fixed to
a certain extent because the reduction ratio of the
transmission is limited. However, with e-POWER, this
balance can be intentionally varied because there is no
limit on the reduction ratio range. The system is designed
such that engine noise becomes smaller relative to the
background noise, thus making it less conspicuous (Fig.
8).

Specifically, the control procedure puts priority on
increasing engine torque, which has less impact on engine
noise than the engine speed, thus attaining outstanding
quietness while still obtaining the required output (Figs. 9
& 10).

Power generation is therefore designed to be
advantageous toward quietness by maximizing the use of
engine speed and torque characteristics in relation to the
engine noise level. This enables much electric energy to be
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generated for expanding the motor-drive region while
making engine noise as inconspicuous as possible.

5.3 Not operating the engine or raising the engine
speed

The control procedure is basically designed to
minimize engine operation as much as possible and to
keep the speed low when it is operated. This reduces the
engine noise level when engine operation is necessary in
disadvantageous situations involving a low vehicle speed
and a high load such as during rapid acceleration. High-
efficiency power generation from the perspective of engine
noise assists the energy balance between vehicle propulsion
and power generation and is an effective technique under
this disadvantageous condition.

5.4 Quietness achieved

This section presents typical examples of test results
that confirm the quietness attained with the above-
mentioned design concepts. Verification tests were
conducted using driving patterns consisting of several
combinations of vehicle speed levels and acceleration/
deceleration, which were envisioned for real-world driving
situations. The results confirmed that the design concepts
explained above achieved the targeted quietness, as
intended.

The first point concerns the expansion of the motor-
drive region. Under the driving patterns used, the test
vehicle was propelled with the engine turned off for over
70% of the time, and outstanding quietness was attained
during that period (Fig. 11-(a)).

The second point concerns the noise level during
engine operation. Although the superior quietness
obtained with the engine turned off was not attainable,
the noise level was equal to or better than that of same-
segment vehicles, while still generating power under high
engine torque (Fig. 11-(b)).

The third point concerns a situation of engine
operation and rapid acceleration. The increase in the noise
level accompanying the rising engine speed was kept to a
minimal level (Fig. 11-(c)).
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6. Issue in e-POWER’s Unique Design

Finally, this section describes an issue accompanying
the electrification of the unique e-POWER powertrain.

One of the design concepts explained in section 5 is
that engine operation is minimized as much as possible or
the engine speed is not raised under high-load conditions
such as that of rapid acceleration. However, depending on
the battery SOC and other conditions, there are situations
where the vehicle is accelerated rapidly by the e-Motor
while at the same time the engine is operating at a low
speed and under high torque. Such situations involve a
balance between an acceleration condition not found in
conventional powertrains and the input frequency of the
engine vibration (Fig. 12).

For example, engine mount insulators are influenced
by the driving force generated by the e-Motor (top graph
in Fig. 13). In this condition disadvantageous to the
vibration damping characteristic (middle graph), large
engine vibration induced by the high engine torque is
input into the low frequency region where the natural
frequency of the vehicle body and powertrain exists
(bottom graph). As a result, it causes body vibration (Fig.
14).
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Because the e-POWER system has greater design
flexibility for setting the engine speed and torque relative
to the vehicle speed, it can give rise to a condition that is
extremely disadvantageous with respect to such noise and
vibration phenomena.

This unique condition can be resolved by designing
the characteristics of the engine mount insulators in
combination with the engine speed. However, this is just
one example of the many more conditions exceeding the
conventional design realm that are caused by the increased
complexity resulting from electrification of the powertrain.
For that reason, it is necessary to try to envision all the
possible combinations and conditions without sticking
to conventional design wisdom and to strive to resolve
potential issues one by one.

7. Conclusion

The features of e-POWER were made clear from
noise and vibration perspectives that differ from those of
conventional powertrains and were incorporated in the
engine control design to achieve a unique level of
quietness.

A new issue that occurs with the diversification of
electric powertrains is that many new conditions are
produced by the combination of various operating ranges,
owing to more complex systems and operating modes,
with the vehicle characteristics. Consequently, there are
many times when unexpected issues can occur as a result.
With the traditional development approach in which
individual vehicle systems and performance attributes
are designed and simulated independently, it is difficult
to predict such issues and incorporate the necessary
countermeasures against them at the planning stage.
There is a need to develop prediction techniques capable
of tying all the systems together.
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Summary

The updated Note (E12) has been developed mainly for the markets of Japan, U.S. and

Latin America. This article presents a product overview of the updated Note as a global model and the

e-POWER system for Japan.
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1. Introduction

Both the first and second generations of the Nissan
Note have provided value to global customers as an
optimally balanced compact car that embodies four distinct
strengths. These are its “smart driving performance,”
“stylish design,” “excellent safety and visibility supported
by advanced technologies,” and its “spacious interior
allowing families to sit comfortably along with providing a
large luggage area.”

The newly updated Note (E12) was planned for the
markets of Japan, North America, and Latin America.
However, its new e-POWER electric powertrain is being
deployed mainly in Japan where the Note has become a
mainstay brand with annual sales of over 100,000 units.

In Japan’s compact car market, demand for hybrid
vehicles (HEVs) have grown backed by new introduction
of HEV from competing company. Amid stagnant market
growth, the structure of the market has changed in 2016,
with HEVs that are positioned in the high price range now
accounting for over 50% of overall compact car sales.

Nissan has so far responded to this trend by putting
an eco-supercharger engine on the market. However, eco-
friendly technology and superb quietness that symbolize
hybrid engines are also becoming persistent customer
demands in the compact car market.

Amid this competitive environment, Nissan decided to
launch a new HEV system that draws upon electric vehicle
(EV) technology as a replacement for the eco-supercharger
with the aim of gaining a wider range of customers (Fig. 1).

* S — TP A %6, Product Planning Department No. 1 ** 75 > N5, BRAND Promotion Department
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2. Product Concept

Studies for the updated Note were based on the
concept of a “clean, dynamic and innovative compact,” with
the principal consideration being to ensure competiveness
in each market. It was decided to adopt Nissan’s e-POWER
series hybrid powertrain, a new environmentally friendly
electrification technology packed full of advanced technical
features. Along with the Nissan LEAF, the Note would
symbolize electrification technologies, which together with
intelligent technologies comprise the two specific pillars
Nissan has defined for the company’s technology strategy
in its business in Japan (Fig. 2).

3. Appealing Qualities

3.1 Design

The design was developed around the theme of a
“cool, tech compact” consistent with Nissan’s IDS Concept
that symbolizes the expression of Nissan’s zero-emission
innovation, while continuing the Note’s distinctive
character of providing a spacious interior in a compact
body size.

The exterior design has evolved into an expression
of dynamism and refinement, embodying the car’s iconic
front and rear signature styling that is immediately
recognizable as the new Note. Specifically, the front end
design imparts a bolder impression, thanks to the “V-Motion”
shaped grille, a common design motif of the Nissan brand,
and the black projector headlamps.

Similarly, the rear combination lamps adopt Nissan’s
“boomerang-shaped lamp signature” that gives the rear view
a unique design instantly recognizable as the Note when
the lamps are illuminated at night (Figs. 3 and 4).

In addition, a blue color has been added for effect on
the inside of the V-Motion grille to give the front a unified
image of belonging to Nissan’s electric powertrain family.

The interior design emphasizes horizontal movement
that creates a feeling of lateral expansiveness as a way of
strengthening perceived roominess. Nissan’s new steering
wheel and corresponding dedicated e-POWER instrument
graphics have been adopted along with the shift lever
shared with the Nissan LEAF to create a distinctive design
(Figs. 5 and 6).

Thirteen body colors in total, including four newly
added ones, are offered. Paint is applied by a “super shine
painting” technique whereby an atomized paint coat is
overlaid on the clear coat. This painting technology is used
for Infiniti cars and it enhances the perceived quality of
the exterior body color.

3.2 Driving performance with a new driving feel
obtained with e-POWER

The Note’s e-POWER system uses motor-drive
technology that is characteristic of series hybrids, in
contrast to previous hybrid models. This system is mainly
differentiated by the following two points.

The first point is its acceleration feel. Because it
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provides powerful start-off and passing acceleration like
an EV, the Note accelerates smoothly without any feeling
of delay in relation to depression of the accelerator pedal.
As aresult, drivers experience a powerful, stress-free,
pleasing acceleration feel like that of an EV when
overtaking or merging with traffic in expressway driving
and when changing lines on trunk highways.

The second point concerns the adoption of e-POWER
Drive that enables drivers to start/stop and accelerate/
decelerate by simply operating the accelerator pedal alone,
thus providing a new driving feel.

The system provides two types of drive modes. In the
S-mode, drivers experience a crisp driving feel with a
sensation of strong acceleration/deceleration according to
how forcefully the accelerator pedal is depressed or
released. The ECO-mode enables fuel-efficient driving by
controlling the engine speed for optimal fuel economy.
Together with normal driving, three drive modes can be
selected by pushing the drive mode button (Figs. 7 and 8).

The S-mode in particular reduces the driver’s
accelerator pedal workload for enjoying sporty driving with
powerful acceleration and quick response by just operating
the accelerator pedal on winding roads with continuous
curves in suburban areas. That effect is also demonstrated
in other situations such as when starting off from rest at
traffic lights and merging with expressway traffic.

I e e e e e e e

-5 47U7 (e-POWER XFURX - TUZ7 L
IRDA b FUT )Ny —)
Fig. 5 Interior (e-POWER Medalist, Premium white
interior package)

®-6 A2FU7 (XFUXK)
Fig. 6 Interior (Medalist)
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3.3 Improved quietness

As part of this minor model change, sound insulation
measures were also applied to the vehicle body of the
grades fitted with the e-POWER system. These measures
are expected to improve and enhance noise and vibration
performance at low to medium cruising speeds in city
driving.

For the upper-grade e-POWER Medalist in particular,
measures were taken to impart a premium-quality feel to
this grade of compact car. In addition to sound-absorbing
windshield glass, the thickness of the door window glass
on the sides and rear was increased and sound-absorbing
material was applied around the opening of the back door
of the luggage area. These and other sound-insulation
measures achieve a degree of interior quietness equal to
that of cars in the segment one class higher.

3.4 Fuel economy

The new Note achieves class-leading fuel economy of
37.2 km/L (e-POWER S), as measured under Japan’s JC08
test mode, thanks to the adoption of the e-POWER system.
This effect is expected to improve practical fuel economy
especially in the everyday driving situations in which
compact cars are used such as frequent stop-and-go driving
in cities and residential areas.
R e e e e e e A e g e ey
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3.5 Improved compact car safety rooted in advanced
technologies

All grades, except e-POWER S, are equipped with
intelligent Forward Emergency Braking (FEB) and Lane
Departure Warning (LDW) as standard equipment. In
addition, Emergency Assist for Pedal misapplication
(EAP) and an intelligent Around View Monitor with Moving
Object Detection (MOD) are available as options. Safety
and security equipment features have been improved and
expanded to cover a wide variety of driving situations.

Nissan’s smart rearview mirror (SRVM) has also
been added to the updated Note (Fig. 9). This feature
enables the driver to clearly recognize the circumstances
behind the vehicle even in situations where rearward
visibility is difficult such as when large objects are loaded
in the rear seat or when driving in the rain.

This feature along with EAP and the intelligent
Around View Monitor with MOD are available in a package
of factory-installed options on all grades except the entry-
level S and e-POWER S grades.

4. Conclusion

This article has presented an overview of the updated
Note, focusing mainly on the features emphasized in
planning the vehicle.

The e-POWER series hybrid system is only available
on the Note sold in Japan. It represents one of Nissan’s
proposed electrification technologies for the compact hybrid
engine market. In addition to securing new customers, we
are confident that existing customers will also be satisfied
with this new technology.

Finally, the authors would like to thank everyone
involved in the product planning, design, development,
production, marketing and sales of the new Note and
e-POWER system for their invaluable cooperation.

- N
H R AERT H o % & M ERT [E S S - s TP TR
Sachiko Aoki Yuuki Tanaka Mamiko Tanimura Hiroyuki Asano Kenjiro Nakano

H ZE # #’ No.8o (2017-3) 52



¥EEFE7Y. New Model

AL S EmiE

Product Overview of the All-new Serena

uofE o
Hirofumi Yojo

KO OE
Junichi Nagai

% 7

ML) (C2TE) 13, HAFHEZ XA PEELZHO—2L LTHESIT S, EIZHA

mE sy =7y bELTRES Nz, SREESRH E22H B L FIE, S04 74 7RG 1) BOEmD
D7 EOA ML ARARIET 5 HERERREAR 70851 0y bEAHAREE LT L2130, N X7 —
F=FATARNRTRT2T NN 7 FTRE HWBEFORSLBRL TV, RETEFELL FOMH

i A 5.

Summary

The all-new Serena is targeted at contributing to Nissan’s business in Japan as one of the

company’s mainstay models and has been developed mainly for the Japanese market. This 5th
generation all-new Serena is the first Japanese model to adopt Nissan’s autonomous driving technology
called ProPILOT. In addition, the Serena also provides improved ease of use such as by adopting a
hands-free auto sliding door and a dual back door system. The article presents a product overview of

the new Serena.

Key words : Automotive General, new car, active control, autonomous driving, Serena
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Fig.1 All-new Serena

1. Introduction

Since its debut in 1991, the Serena has continued to
present new proposals as it has constantly evolved in
pursuit of the core values of a family minivan in terms of
being big inside, easy to drive and fun to use. The all-new
Serena is the fifth generation in this series (Fig. 1).
Beginning with the second-generation model (C24),
attention was focused on communicating a message of
“memories rather than things” and more on experienced
value. The aim was to present a vehicle in which families
could create many irreplaceable memories. That Serena
model established a solid position as the No. 1 minivan in
the Japanese market.

The fifth-generation model (C27) was developed with
the aim of creating a minivan for filling various types of
families with happiness, amid the initial decline in Japan’s
population and the ongoing diversification of the structure
of families.

2. Product Concept

The new Serena was developed around the concept of
a “family magical playground” providing a comfortable
space all family members can enjoy without sacrificing
anything for the family’s sake. The Serena’s basic values
of being big inside, easy to drive and fun to use were
thoroughly refined. The aim was for the Serena to establish
a position as the minivan leader and as one of Nissan’s
mainstay models in Japan. Development priorities were
especially put on the perspectives of women, who play
central roles in three-generation families, including elderly

* Sfr
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Fig. 2 Interior (Premium Chic)

parents, and among groups of friends.
3. Appealing Qualities

3.1 Design

The new Serena was designed with the aim of
embodying freshness and the Serena’s characteristic DNA
in a next-generation minivan. The front end adopts the
distinct V-Motion styling that symbolizes Nissan’s next-
generation designs, featuring a flowing motif from the
more powerful-looking front grille to the headlights and
around toward the sides. Added to this unique look is
the horizontal bar grille that symbolizes the Serena.
Continuing along the side view is the floating roof design
created by blacking out the A-pillar and the D-pillar so
that the roof appears to be floating. In addition, the new
Serena continues the flowing spur lines that also symbolize
this model. The rear styling adopts the boomerang lamp
signature that also symbolizes next-generation Nissan
models. The design is focused on the center of the rear
end, which imparts a sense of speed and sharpness.

Like the exterior design, the interior design adopts
the gliding wing motif that is another one of Nissan’s next-
generation design themes (Fig. 2). Expanding from the
center console toward the sides, the design imparts a
feeling of spaciousness and openness. Blending a soft
tactile sensation with a high quality impression, a tricolor
synthetic leather and a double wrapped stitch finisher
are featured on the dashboard for the first time in this
class. This provides an impression of superb quality that
heightens the joy of ownership.

A selection of 13 body colors is offered, including
the first two-tone scheme in this class (Fig. 3). The body
color is another a key element that is especially important
to women, whose perspectives were thoroughly considered
as mentioned in the product concept section. The idea was
to give families the pleasure of picking a body color
together.

Five interior trim color packages are available,
including cheerful and pleasant Relaxful Cozy, Urban
Casual, Stylish Sporty, Dignified Rich and Premium Chic.

3.2 Interior roominess

The new Serena provides class-leading interior length,
interior width and luggage compartment spaciousness
(Fig. 4). All seating positions enable passengers to travel
in relaxed comfort, as typified by knee room of 784 mm in
D e R L o i = - R

11}

W

®-3 RF4DhS—F14VFvT
Fig. 3 Body color lineup
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the 2nd-row seats. That can be further expanded to 900 mm
by using the ultra-long sliding and lateral sliding seat
functions, thereby creating the roominess of a vehicle one
class higher.

Both the 2nd- and 3rd-row seats provide greater
roominess. For the 3rd-row seats in particular, the seat
slide mechanism can be used to create roominess equal to
that of the Elgrand, allowing passengers to sit comfortably
with their legs crossed.

Attention was also paid to visibility, which has a large
effect on perceived roominess. Forward visibility was
expanded by substantially suppressing the height of the
dashboard design in the lateral direction, and visibility
through the triangular front corner windows was increased
by slimming down the A-pillars. Many other measures
were also taken to ensure excellent visibility such as by
adopting see-through headrests, raising the hip point in
the 3rd-row seats by 20 mm, adopting seat-mounted seat
belts, and using roof trim with a streamlined shape.

3.3 Ease of use

The new Serena comes with a “hands-free auto sliding
door” that has been adopted for the first time in Japan and
is one equipment feature in which Nissan takes special
pride (Fig. 5). When carrying a child or with both hands
full of bags, users can enter the vehicle smartly without
using their hands. Hands-free sensors are installed in two
places, at the side and bottom of the auto sliding door, for
enhanced safety. They judge that a person is about to enter
the vehicle by simultaneously detecting movement of the
shins and the tips of the feet. Care was thus taken so that
the door does not open on account of the motion of animals
like a cat or the swaying of grass or other plants.

Another notable equipment feature on the Serena is
the “dual back door” that opens in approximately one-half
of the space and with roughly one-half of the effort usually
required. This provides heightened convenience when
opening/closing the door in tight places and also for
loading small items.

Efforts were also made to improve the convenience
of using the 3rd-row seats so as to create a minivan that
all family members can more fully enjoy. For improving
ingress and egress in particular, seat-mounted seat belts
were adopted to enable easy entry even with a child seat
installed in a 2nd-row seat. For easy egress as well, the
2nd-row seats can be slid forward from the 3rd-row seats
by means of a foot pedal or the seat slide lever. Sliding
door switches that can be operated from the 3rd-row seats
are also provided to enable passengers to enter/exit freely.
The effort needed to slide the 2nd-row seats has also been
reduced by about one-half compared with the previous C26
model.

Driving information is presented in an easy-to-
understand manner by the newly designed meters and
gauges. The center console incorporates a 7-inch color
display that minimizes the driver’s eye movement, and the
steering-wheel switches can be operated in four directions.
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Fig. 6 Intelligent parking assist activated by
pushing dedicated switch

These features enable control changes to be made quickly
and simply.

The intelligent parking assist has been further
enhanced. It is activated by one touch of its dedicated
switch, enabling the driver to confirm the parking position
easily. The Serena is perfectly parked by simply pushing
the start button (Fig. 6). The Around View Monitor has
also evolved and now incorporates a new function for
displaying the predicted path of the inside wheels so as to
help prevent objects from getting caught under the vehicle
due to the different path traced by the inside wheels.

The performance of the smart rearview mirror has
also been improved over that of the previous model.
Resolution was improved by the installation of a high-
resolution digital camera, and the frame rate was
substantially improved to present natural images more
smoothly. High dynamic range (HDR) imaging is used to
improve visibility even in places with strong contrast.

As many as six USB sockets can be installed so that
all passengers can charge their personal devices without
any hesitation toward anyone else.

The Serena also features the first cap-less fuel filler
in this class, mainly intended for women drivers based on
comments about getting one’s hands dirty when refueling
at self-service gas stations and forgetting to replace the cap.
As there is no need to unscrew the inner cap, refueling can
be done simply and easily.

3.4 Driving performance

Considering that minivans are typically used by wives
on weekdays and for family outings on weekends, the new
Serena combines a light steering effort in city driving
with a firm steering feel for high-speed driving. Optimum
measures were taken to suppress unsteadiness when changing
lanes in expressway driving such as by strengthening body
stiffness, increasing the size of the shock absorbers and
improving the stiffness of the suspension attachment points.
The increased size of the shock absorbers in particular
achieves both a firm feel in the handling region and a
comfortable sensation in the ride comfort region.

Development of the new MR20DD engine began with
a review of the combustion chamber. The strong point of
the previous engine in that it reconciled output power
with fuel economy has been continued. In addition, fuel
economy was further improved and exhaust emission
performance was achieved that complies with the super
ultra-low emissions vehicle (SULEV) regulations in the
U.s.

The reduced friction of many parts, including the
adoption of a new belt tensioner, contributed to improving
fuel economy to a level of 17.2 km/L, compared with 16.0
km/L for the previous C26 model.

Particular attention was paid to ensuring quietness
so0 as not to interfere with the conversations of family
members or friends. Sound-insulating materials are
positioned with a better balance so as to enable
conversations even between 1st- and 3rd-row passengers.
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3.5 ProPILOT

Nissan has defined two pillars for the company’s R&D
activities. The first is to achieve zero emissions, which is
the ultimate goal for environmental performance. The
second is to achieve zero fatalities in traffic accidents
involving Nissan vehicles, which is the ultimate goal for
safety. To accomplish these two goals, Nissan is advancing
R&D work on electrification technologies and intelligent
technologies as cutting-edge disciplines.

ProPILOT is positioned as the first step toward
autonomous driving technologies that are aimed at
attaining the ultimate safety goal. This autonomous driving
technology is designed for use on expressways and in
single-lane traffic on vehicle-only motorways (Fig. 7). The
new Serena is the first Japanese vehicle to adopt ProPILOT
for the purpose of reducing irritation over traffic jams and
stress, for example, due to worries about being able to
drive home from an outing. This technology will make
family drives and leisure trips more enjoyable for
everyone.

Drivers feel the workload of expressway driving when
driving in congested traffic or when cruising for a long
period of time. In these two situations, driver workload
can be reduced through autonomous control that lets the
vehicle execute all the actions for accelerating, braking

R e e g

\ ey i
L;‘Q{ |2

[ ERRE A S — T

Maintains the headway distance

D T
Keeps the vehicle in the center
of the lane

*1RIZETTAIN~YEE=F L, BLFTRT 7R, TV —F%HEI T2V
be— LTHIDZ Vv & OERMEMELROFITE LET,
ProPILOT automatically controls the accelerator and brake pedal to help
keep an adequate distance from the vehicle in front. If the car stops during
heavy traffic, ProPILOT will hold the stopping position.

REAREET=F L, RLTIBRRATTY I EAEBTaY br—L, HAGEK
FbbAHA, =T ITBNTHOETEROPREETT LTI EZLET,
If there are lane markers on both sides of the lane, steering control keeps
the vehicle in the center of the lane on straight roads and corners to reduce
driver workload in heavy traffic.

X-7 BEnEEEdh [T0/\q0y K
Fig.7 Autonomous driving technology, “ProPILOT”

X-8 TJON«/0Ovy b&RREATTZYIIRAVF
Fig. 8 Display screen for ProPILOT and
steering-wheel switches
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and steering. There are examples of other Japanese cars
that offer autonomous steering control, but the unique
feature of ProPILOT is that it provides the benefit of
steering control at low speeds in congested traffic when
the workload is high.

ProPILOT can be operated easily via a dedicated
switch on the steering wheel or by touching a switch on
the 7-inch display screen (Fig. 8).

4. Conclusion

We are confident that the new Serena provides the
most important values required of a minivan, having
evolved as a vehicle that optimally meets the diverse needs
of families.

Finally, the new Serena was finished to such a high
level of perfection precisely because the ideas of everyone
involved in its development, production, marketing and
sales were given concrete expression. That fine cooperation
is deeply appreciated.

Ko —
Junichi Nagai
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Editorial Postscript

Nissan is promoting a technology strategy along two major axes of intelligence and electrification for the purpose
of building a sustainable mobility society and mitigating the negative impact associated with the global penetration of
vehicles.

This issue focuses specifically on Nissan’'s newly developed e-POWER electric powertrain. e-POWER is a series
hybrid powertrain in which an internal combustion engine (ICE) is used as the energy source for generating electric
power for a motor drive (e-Motor) system that propels the vehicle in the same manner as an electric vehicle. eePOWER
incorporates various hardware technologies related to the powertrain units, including the ICE, transmission, e-Motor,
battery pack and inverter, among others, as well as control technologies for managing the electric energy balance and
driving force through integrated control of these units. It would be safe to say that the development of the eePOWER
system was a challenge for our overall powertrain technologies that Nissan has accumulated to date. I am confident
that this special feature will enable readers to understand that e-POWER pursues not only excellent fuel economy
but also driving pleasure and comfort and that it achieves an optimal balance of environmental performance and
marketability at the highest possible level.

In promoting our extensive electrification strategy that also includes hybrid vehicles, it is indispensable to
advance mechanical technologies for conventional engines, transmissions and other power transmitting devices, in
addition to the latest electrical and electronic technologies. I hope that the articles in this special feature may provide
a useful reference for efforts to promote further technological evolution by research and development engineers
both within and outside the company who are involved in various technical fields related to vehicles and powertrain
systems.

Keiji Kawamoto
Member of the Nissan Technical Review Editorial Committee
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The most salient structural feature of e-POWER is that the engine is
mechanically separated from the drivetrain system. The graph in the cover
design that plots the engine operating point distribution shows that this feature
is used effectively to enable the engine to operate mainly around its point of
optimal efficiency regardless of the vehicle speed. The photograph showing the
appearance of e-POWER is placed in the center as a direct expression of the
passion of all the members of the e-POWER development team that is
crystallized in this powertrain. e-POWER produces driving force that lets
customers enjoy the novel fasciation of an electric drive system, including
class-leading fuel economy and its highly acclaimed acceleration feel that inspires
love at the first depression of the accelerator pedal.
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