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Prefatory Note

Toward the Development of Competitive
Light Commercial Vehicles

Mitsuro Antoku
Corporate Vice President

Amid the rapid expansion of the global economy, the market of light commercial vehicles (LCVs),
which provide transport indispensable to economic activities, is expected to be an especially promising
market in the years ahead. At present, LCVs have approximately 20% share in Nissan’s unit sales, and we
aim to be the No.1 brand in Asia in the principal segments of pickups, vans and light-duty trucks.

As it is such a promising market, the competitive environment is becoming increasingly severe,
presenting us it is essential to strengthen the competitiveness of our products. In order for Nissans’ LCVs
to remain attractive to customers in global markets in the future, we must vigorously pursue three pillars
of our market strategy which are trust, intelligent mobility and top-level service.

First, with regard to trust, LCVs are vehicles for business usage. Comparing with passenger vehicles,
one distinct feature of LCVs is that, besides being mobility for people, they are also vehicle to be driven
long distances with loaded cargo. Consequently, the actual capabilities of LCVs under harsh market
environments are required, rather than their simple catalogue specifications. Though they may not be
stylish, but necessary quality, robustness, durability and other attributes to withstand tough usage
conditions are indispensable.

Developing products that embody enhanced technological capabilities to meet these fundamental
requirements of LCVs and do not disappoint customers’ expectations are the first element of trust. In
addition to business usage, pickups are immensely popular as vehicles for leisure activities. Nissan
pickups are built with a body-on-frame structure specifically designed for trucks and deliver excellent ride
comfort and outstanding off-road performance. Baring the technological capabilities to respond flexibly to
customers’ diverse needs, while adopting the same basic vehicle structure, is another key element of trust.

The second pillar is intelligent mobility. The LCV market is expanding everywhere in the world,
including in both developed countries and emerging countries. The vehicles must be designed and
engineered to comply with strict exhaust emission, fuel economy and safety standards such as the New
Car Assessment Program (NCAP), which differ in every country and region worldwide. Rather than
complying with the regulations and standards passively, it is essential to take a proactive stance of applying
advanced technologies to LCVs. This includes incorporating electrification technologies in LCVs, as
typified by those of electric vehicles (EVs), as well as advanced safety technologies like an emergency
braking system leading to autonomous driving. In the years ahead, a new level of competitiveness will be
attained by engineering LCVs with dramatically improved environmental performance, safety and
economy, with connected vehicle technologies.

The last pillar is top-level service. In the automobile business in the future, a key element of
competitiveness will be to enhance customer satisfaction in every aspect of the driving and ownership
experience. That will involve providing a comprehensive program of after-sales service to meet customers’
every needs, rather than settle vehicle sales as a goal.

Nissan has over 80 year history of manufacturing and selling LCVs, since early days of the company.
Through mutual complementation of innovative products with Renault in markets and regions where each
company has its respective strengths, we can meet severe price competition and promptly responds to
changing customer needs in global markets.

We will continue to contribute to further advancement of Nissan’s LCV history through the timely
application of LCV-specific technologies as well as existing technologies, including those for passenger
vehicles, based on the three pillars such as trust, intelligent mobility and top-level service.
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Overview of Light Commercial Vehicle Development
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Nissan Product Development Department No. 3

Takashi Fukui
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1. Introduction

Nissan’s light commercial vehicle (LCV) lineup
comprises vans (AD, NV200 Vanette and NV350 Caravan),
cab-over trucks (NT400 Atlas and NT500), microbuses
(NV350 Caravan and Civilian) and also pickup trucks
(Titan and NP300 Navara) and their derivatives (Patrol and
Armada). These LCVs are marketed to a wide variety of
customers all over the world, and they constitute one of
Nissan’s core businesses, accounting for one-fifth of the
company’s annual unit sales.

Until fiscal 2014, the work of developing LCVs was
shared among Nissan Shatai Co., Ltd., Nissan Motor Light
Truck Co., Ltd. and the Nissan Technical Center (NTC),
which was engaged in developing some models. Starting
from fiscal 2015, Product Development Division No. 3 was
formed at NTC to accumulate technical knowhow specific
to body-on-frame vehicles and improving the development
process focusing on global deployment of the NP300
Navara and the development of its derivatives. The work of
this division also includes initiating strategic and advanced
development activities specifically for LCVs.

2. Tripartite development organization centered on
Product Development Division No. 3

Until fiscal 2014, Nissan Motor Light Truck
undertook the development work for the NP300 Navara
and launched production of this model in Thailand and
Mexico. In addition, it oversaw the global deployment of
this LCV, including the production launch in Spain, and
developed derivative model A. In parallel with those
development activities, Nissan Shatai developed derivative
model B and NTC’s Product Development Department No.
2 developed derivative model C. In short, four models
having the same platform were developed simultaneously
at three locations, which was inefficient. To improve that
situation, Product Development Division No. 3 was
established at NTC in fiscal 2015. That was done for the
following three purposes.

(1) To pursue development activities as one united team
there by gathering pickup truck development specialists
working at NTC, Nissan Shatai and Nissan Motor
Light Truck so as to strengthen LCV development

3 NISSAN TECHNICAL REVIEW No.79 (2016-10)
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capabilities.

(2) To progress part communization/systematization,
improve quality, reduce costs, manage knowledge and
improve the development process by strengthening
ties with other teams within and outside Nissan Motor
Co., Ltd. NML)’s development division.

(3) To carry out advanced development work strategically
and efficiently by focusing squarely on a future vision
of LCVs.

The members from Nissan Shatai and Nissan Motor
Light Truck joined NML's members to carry out the work
of Product Development Division No. 3 at NTC. Specifically,
that involves the global deployment of the NP300 Navara
and the development of its derivatives. In addition to
that, it also involves the accumulation of knowhow gained
through these development activities, investigations of
process improvements, studies on the part communization/
systematization for reducing unit costs in existing production
operations, and undertaking strategic advanced development
work for future LCVs.

Development work for the NP300 Navara that was

I i e e e e e e e e e g

Vans

Body-on-frame SUVs

R

W

M-1 FEMHBCHISLCV (NEEAE) O51VFvT

Fig.1 Nissan’s wide-ranging LCV lineup: Major global models
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already in production in Thailand, Mexico and Spain was
transferred to each of the local R&D teams. In addition,
development work for the Titan that went into production
in 2015 was transferred to Nissan Technical Center North
America. However, all of the progressing information is
gathered at Product Development Division No. 3.

Nissan Shatai is responsible for the development work
for the AD Van, NV200 Vanette, NV350 Caravan, Civilian
and Patrol. These vehicles are produced at Nissan Shatai’s
Shonan Plant, Nissan Shatai Kyushu Plant and the plant
of Auto Works Kyoto, a Nissan Shatai affiliated company.
Nissan Shatai having all Monozukuri activities, including
production and purchasing, are located together at one
place, enabling development work to be carried out
efficiently and speedily. Nissan Shatai has also gained
experience with global deployment through the development
and production of the NV200 Vanette. Thanks to their long
experience of developing vans, they possess abundant
knowhow regarding sliding doors, hinged double doors
and large back doors, among other things. They also have
ample knowhow regarding the development of body-on-frame
vehicles, based on their experience of developing the
Patrol and the Civilian. Through cooperation between the
Conversion development department and Auto Works Kyoto,
Nissan Shatai also excels at vehicle conversions that meet
customers’ specific needs.

Nissan Motor Light Truck handles the development
work for the NT400 Atlas and the NT500 produced at Auto
Works Kyoto Plant in Japan, the Avila Plant in Spain and
Zhengzhou Nissan Plant in China. Nissan Motor Light
Truck was established in 2003 as a joint venture between
NML and UD Trucks Corporation. Since then, the company
has mainly been involved in cab-over truck development
activities, including engines and drivetrain systems. And
it is a unique company among Nissan’s affiliated companies.
It has some track records of handling the needs of fleet
customers, including the development of battery-powered
refrigeration and freezer systems.

Since April 2015, LVC development activities have
been carried out under the current system described here.
We are engaged in continuous discussions for the purpose
of achieving higher efficiency and stronger cooperative
ties.

3. Conclusion

Nissan provides a wide range of LCV models and
variations with many different body types to customers
around the world. This special feature presents various
design innovations and vehicle models Nissan has developed
and deployed to meet the diverse needs of LCV customers.

We hope that readers will truly enjoy seeing the
fascinating world of LCVs.

5 NISSAN TECHNICAL REVIEW No.79 (2016-10)
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Summary

Light commercial vehicles (LCVs) have evolved according to differences in intended

uses, usage environments, utility to customers and other factors; the legal/regulatory requirements and
homologation categories differ from one market to another. This article outlines the categories, basic
vehicle packages and mandatory requirements of LCVs based on the products in Nissan’s lineup in

major markets.

Key words : Automotive General, light commercial vehicle, regulation, category, mandatory
requirement, standard requirement, package
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Passenger vehicles Commercial vehicles

Passenger use Microbus use Cargo use

Minivehicles

Light-duty cargo
vehicles (yellow No.)
Lgwe PN
[ =T

NV100 Clipper ~ NT100 Clipper

Overall length: up to 3400 mm
Overall width: up to 1480 mm
Overall height: up to 2000 mm
Engine displacement (except
diesels): up to 660 cc

Seating capacity: up to 4 persons
Must satisfy all of the above

more persons S
= E=

NV350 Caravan Civilian

NV350 Caravan

=
LY

NV350 Caravan ~ NT450 Atlas

Small cars Small cargo vehicles gvera}} 19';321: up to 4770%0 mm
verall width up to 1700 mm
MNo.5) (N": 9 wa > | Overall height: up to 2000 mm
=y y Engine displacement (except
G =B85 | diesels): up to 2000 ce
NV200 V:
ﬂ bl ,& Must satisfy all of the above
NV200
NV350 Caravan Atlas
Ordinary Ordinary microbuses| Ordinary cargo Overall length: over 4700 mm
passenger (No. 2) vehicles (No. 1) Overall width: over 1700 mm
vehicles (No. 3) | Seating capacity: 11 or Overall height: over 2000 mm

Engine displacement (except
diesels): over 2000 cc
Must satisfy one of the above

Light-duty cargo vehicles: OEM supply

H-1 WREBEE—E (HA)
Fig.1 List of LCV model types in Japan

1. List of homologation categories and major market
model types

This section outlines the legal/regulatory and
homologation definitions of LCV categories and describes
Nissan’s LCV lineup in selected major markets as of end-
June 2016. In carrying out vehicle development work, it is
necessary to confirm the details of the relevant laws and
regulations in the target markets.

1.1 Japan

In terms of legal/regulatory and homologation
categories, the LCV segment in Japan includes cargo vehicles
designated as No. 4-type vans and No. 1-type vans based
on the vehicle dimensions and engine displacement, No.
2-type microbuses classified by their seating capacity and
which can be operated with a driver’s license for medium-
sized vehicles (with restrictions lifted), and also, among
passenger vehicles, hired cars and taxis used for business
purposes and vehicles carrying a large number of passengers
like No. 3-type 10-seaters mainly used as courtesy vehicles
(Fig. 1).

From the perspective of customer usage and
regulations, small cargo-use and regular-size cargo-use
vehicles are further subdivided into the categories of light-
cargo (less than 1,700 kg), medium-cargo (1,700 to less
than 3,500 kg) and heavy-cargo vehicles (over 3,500 kg).
These categories are used in establishing fuel economy
and other standards (Fig. 2).

*Nissan 55 —#4i,

BA%6#B,/ Nissan Product Development Department No. 3
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Japan Open cargo area | Enclosed cargo area
Mini cargo use LB LTTam
P 1 gt —
e = =

NT100 Clipper NV100 Clipper

Small- Light-duty

cargo use cargo (less
than 1700 kg)

Medium- ) | <D
duty cargo : —
- (up to 3500 ke) NV200 Vanette, P
Ordinary-
cargo use NV350 Caravan
Heavy- —
duty cargo =
(over 3500 kg) ﬂ!
NT450 Atlas Civilian
X-2 U5X—E (B#)
Fig. 2 List of LCV classes in Japan
Category M Category N

(mainly for transporting
passengers and their luggage)

M1

(mainly for transporting cargo)

lP300 Navara

(‘VWup 035t

Zose

NV200
M2 N2
Seating capacity: 9 or more GVW over 8.5t NV400 NT400 Cabster
passengers (excluding driver)
M3 N3
GVW over 5 t GVW over 12 t

NV400: OEM supply
GVW: Gross vehicle weight

M-3 WNxREE—E (EM)
Fig. 3 List of LCV model types in Europe
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1.2 Europe

In terms of the legal/regulatory and homologation
categories in Europe, Category N comprises vehicles that
are principally used to transport cargo and is subdivided
by the gross vehicle weight into Sub-categories N1 and
N2 where LCVs are classified. In addition, Category M,
comprising vehicles used for transporting both people and
cargo, is subdivided on the basis of seating capacity, and
Sub-category M2 is where LCVs are classified. Like in
Japan, this also includes dedicated taxis used for business
purposes (Fig. 3).

Moreover, from the perspective of customer usage,
there are the vehicle weight categories of compact delivery
(~ 2,400 kg), medium-duty (~ 3,500 kg) and heavy-duty
(over 3,500 to around 5,000 kg). Sub-category N1 is divided
into three classes for establishing exhaust emission
standards. In general, Class 3 corresponds to vehicles with
a payload of around 1 ton. Medium-duty trucks are also
sometimes referred to as 1-ton pickup trucks (Fig. 4).

1.3 U.S.

In the U.S., the LCV segment includes cargo vehicles
classified under the truck category with a gross vehicle
weight rating (GVWR) of up to 14,000 1bs. (6,350 kg) and
having an open, flat cargo bed as well as vehicles having
a seating capacity of 12 or more passengers. However,
there are no clear category divisions like the vehicle
weight categories in Europe or the license plate number
indications in Japan. Vehicles are respectively categorized
according to exhaust emission and safety standards. Figure
5 shows the categories based on exhaust emissions.

From the customer’s perspective, vehicles are
classified as pickups and cargo vans. The pickup category
consists of midsize trucks, light-duty full-size trucks
and heavy-duty full-size trucks. Nissan’s lineup does not
include an offering of the last type. The cargo van category
is divided into compact cargo vans, medium-duty cargo
vans and full-size cargo vans (Fig. 6). Moreover, the
designations 1500, 2500 and 3500 are used to indicate the
vehicle mass in pounds and are derived from the

D00 0 0 0 0 1 0 0 0 0 0 0 0 0 0 O O A SR SR SR Ca Ca e e o

Europe Open cargo area Enclosed cargo area

N1 | Compact | Class 1
delivery
(~ approx.
2400kg) | Class 2

Medium- | Class 3
duty
(~ 3500 kg)

NP300 Navara

N2 | Heavy-duty 0
(over 3500 kg) NT400 Cabstar NV400

NV400

®-4 OS5ZX—F (FM)
Fig.4 List of LCV classes in Europe
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Emissions

HDV

85001bs<GVWR = 140001lbs
or CW over 6000 lbs.

MDPV

85001bs<GVWR<10000lbs

-

LDT | HLDT LDT4
GVWR up to 8500 lbs. | ALVW over 5750 lbs.

LDT3

ALVW up to 5750 lbs.

LLDT LDT2
GVWR up to 6000 lbs. | LVW over
3750 lbs.

LDV

NV200 taxi

LDT1 e /. 5
LVW up to l/.“ .-'
3750 lbs. NV200

GVWR: Gross vehicle weight rating
ATLVW: Adjusted loaded vehicle weight

®-5 MWREE—E CKE)
Fig. 5 List of LCV model types in the USA

respective payload. Based on this same idea, midsize
trucks are sometimes called half-ton pickups.

2. Features of different model types

2.1 Pickup truck

A pickup truck is distinguished by the mounting of
the cab body and cargo bed on a strong, rugged frame. In
consideration of entry/exit ease, the frame around the cab
body is shaped so as to lower the ride height (Fig. 7). The
seating position in the front seat is the same as that in an
ordinary passenger vehicle, and the efficiency of the bed
relative to the overall vehicle length is not so high. A leaf
spring rear suspension is a basic specification, but a multi-
link suspension specification is also provided in some
regions of the world with the aim of improving ride comfort
and handling performance. One distinct feature seen in
the heavy-duty specifications in the U.S. is the use of a
straight frame behind the cab body for improved ease of
aftermarket customization.

2.2 Pickup-derived SUV

This model type is derived from a pickup truck as the
base vehicle and is designed to seat a larger number of
passengers (Fig. 8). A multi-link suspension or an
independent suspension is adopted to improve handling
performance and the ride comfort of passengers in the
second- and third-row seats.

2.3 Small passenger car-derived van
One of the advantages of this model type is that it can

COCOOVCOCOOOOOOCOOOOCOCOOOOCOOOOCOCOOO

North America Pickups Cargo vans
HD Class Va /I
(2500/3500 1bs.) Ay I\ - Q
LD Class e (- . NV
(1500 Ibs.) %
Titan
Midsize 7))
(/SO Uy
Frontier
Compact size 7 )
w%4ti
=
NV200

M-6 I>2—8 {drXK)
Fig.6 List of classes in the USA

-7 HENP300 F/I\S §T)LF+vT
Fig. 7 NP300 Navara Double Cab
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be parked in a parking tower owing to its low vehicle
height. It is often used as a company car in urban areas.
This type of van is a passenger car derivative or is
premised on the sharing of passenger car components.
The front seat provides the same seating position and
driving posture as a passenger car (Fig. 9).

One requirement of commercial vehicles in Japan,
meanwhile, is that the cargo area must be larger than the
passenger space, and that condition must be satisfied even
when the rear seat is being used. Consequently, a larger
portion of the load weight is put on the rear wheels. To
satisfy these conditions, the vehicle packaging is designed
to balance rear-seat habitability and the cargo area, and the
strength of the rear suspension is increased. Another
consideration that is made is to locate the spare tire under
the floor so as to enable a flat tire to be changed easily
even when the vehicle is loaded with cargo.

2.4 Semi-forward cabin type van

A compact delivery van (CDV) has a distinct shape
that combines a passenger car hood with a large cargo
area (Fig. 10). While retaining the nature of a passenger
car, the front seat entry/exit position is moved more
forward and upward compared with a passenger car to
create a more upright driving posture. That is done to
increase the efficiency of the cargo area.

It has the advantage of providing a driving posture
and handling and stability characteristics resembling a
passenger car, but it is inferior to the cab-over engine
(COE) type and semi-forward cabin (SFC) type in terms of
space efficiency.

Nissan’s lineup includes a passenger-use model with
enhanced interior trim and equipment features.

The Primastar and higher grades are distinguished by
packaging that increases the efficiency of the cargo area
relative to the overall vehicle length. That is accomplished
by shortening the hood and creating a more upright occupant
posture compared with a CDV. Nissan’s lineup includes
versions for seating a larger number of passengers and for
passenger service use, instead of just for hauling cargo
(Fig. 11).

Nissan offers many different variations with different
overall height, overall length, load capacity and seating
capacity to meet customers’ diverse uses. Model variations
have been efficiently deployed through different wheelbase
and rear overhang combinations. There are some rival

B e o e R

K-10 NV200 /{xw ~
Fig. 10  NV200 Vanette
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models that offer more than 1,000 different variations,
including four different lengths, three different heights and
various load capacities as well as truck derivatives.

2.5 Cab-over-engine van/truck

This type is distinguished by having the highest cargo
area efficiency for the same overall vehicle length because
most the floor area is devoted to cargo space. This is
achieved through vehicle packaging that seats the front-
seat passengers over the engine so as to increase the
efficiency of the cargo area thoroughly relative to the
overall length (Fig. 12). The truck type adopts a straight
frame basically without any bends in consideration of
aftermarket customization (Fig. 13). Some vehicles are
equipped with a cab tilt mechanism for improved maintenance
ease.

Microbuses with an increased seating capacity are
based on truck models and have a lower frame except
around the front/rear axles for the purpose of improving
entry/exit ease, among other reasons.

Many different variations of both types have been
deployed, including with different overall widths and
heights, in addition to the wheelbase and rear overhang.
They have become mainstream vehicles in Japan and other
Asian markets as well as in some South American
countries.

3. Mandatory requirements and standard
requirements

This section presents an outline of the requirements
taken into account in developing LCVs.

3.1 Mandatory requirements
The criteria defined for each homologation category
must naturally be observed. These include the opening

B o R

K-12 NV350 F+35/{V
Fig. 12 NV350 Caravan

X-13 7 h35R
Fig. 13 Atlas
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dimensions for loading/unloading, cargo area shape,
proportions of the cargo and passenger areas, and the ratio
of the aggregate occupant weight to the total load capacity.
Because the definitions differ from country to country, it
is necessary to refer to the legal/regulatory documents for
the specific details.

Figure 14 shows the requirements for Sub-category
N1 vehicles in Europe.

3.2 Standard requirements

Every country and territory has certain standard
cargo items that are regularly hauled, and a rough
guideline for the cargo capacity differs depending on the
vehicle class. For example, a basic requirement for vans in
Japan is that the floor of the cargo area must be able to
accommodate one tatami mat (1.65 m?) (Fig. 15). Another
typical example of a load capacity measure that is often
used is the number of A4-size paper boxes that the cargo
area can accommodate. It is also necessary to meet
customers’ desires for transporting a certain number of
bread cases or beer cases, which are also standard cargo
items.

Similar to the situation in Japan, overseas markets
also have customer demands for being able to load standard
sizes of items such as boards, pipes and boxes. A typical
index for loadable items is the size of the pallets used in
each country (Fig. 16).

4. Conclusion

This article has described the legal/regulatory
definitions and categories of LCVs along with mandatory
and standard requirements for the basic packaging that
distinguishes commercial vehicles.

The following article describes the basic requirements
for 1-ton pickup trucks.

COCOOCOOPOCOOOOPOOOOPOCOOFOCOCOOCOCOO

Dimensions (W x L), mm Market
1,219 x 1,016 North America

800 X 1,200 Europe

1,000 x 1,200 Europe

1,100 X 1,100 Japan

M-16 FE®D/L v MHERSS KOFMNDIRA
(800mm % 1,200mm /XL =)
Fig. 16 Standard European pallet size and
loaded with pallets (800 x 1200 mm pallet)
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Basic Requirements for 1-ton Pickup Trucks
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Summary

One-ton pickup trucks are sold all over the world. Therefore, the requirements that 1-ton

pickup trucks need to satisfy are very diverse. They include mandatory requirements imposed by laws
and regulations, various customer usages for both business and personal purposes, and the required
performance attributes in each market. This article gives an overview of the basic requirements for

1-ton pickup trucks.

Key words : Automotive General, basic requirements, pickup truck, homologation, tax incentive,
payload, towing capacity, off-road capability, road condition, conversion, fleet
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Fig. 1 Customized body, chassis cab, single cab, and
double cab shown from the top

1. Introduction

Vehicles in the 1-ton pickup category are marketed
globally and generally consist of three basic body types:
double cab, king cab and single cab. In addition, the
product lineup also includes a chassis cab type mainly
without a bed that allows the bed area to be customized
(Fig. 1). Because the Nissan NP300 Navara/Frontier are
marketed in over 180 countries around the world, they
must meet a wide variety of requirements, the details of
which differ greatly from one market to another.

This article describes the necessary requirement
examples for 1-ton pickup trucks.

2. Necessary requirements for pickup trucks

The destinations for 1-ton pickup trucks include
diverse markets in North America, Europe, Asia, South
America, Australia and Africa. Accordingly, the ways in
which customers use their pickup trucks and the roles
they expect of them differ widely, and it is necessary
to satisfy those uses and expectations. For example,
customers in North America mainly use their pickup
trucks to haul things or to tow trailers for leisure purposes;
they do not load their pickup trucks to capacity with goods
or people as is done in developing countries. In other
words, they use their pickup trucks overwhelmingly for
personal purposes rather than for business. In contrast to
that, customers in South and Central America and other
markets have to drive their pickup trucks over rough roads
or in areas where roads have not been completely built yet.

*Nissan %5 =% FhBA%8%R, Nissan Product Development Department No. 3
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Fig.2 Overloaded condition

They use their pickup trucks for a wide variety purposes
ranging from personal to business, and sometimes they
drive their trucks in an overloaded condition (Fig. 2).
There are many situations where pickup trucks must fulfill
more multi-purpose uses.

The necessary requirements are described here from
the following perspectives.

2.1 Legal and regulatory requirements

Naturally, vehicles must satisfy various legal and
regulatory requirements in different markets. Depending
on the country, there are legal and regulatory requirements
that pertain specifically to 1-ton pickup trucks. For
example, sales of diesel vehicles are currently banned in
principle in Brazil, but sales of vehicles with a payload
over one ton are permitted for business use.

Meanwhile, under the laws and regulations in Europe,
within the N1 category of small commercial vehicles, there
is a further N1G sub-category for off-road vehicles. The
ground clearance, approach angle and other requirements
prescribed for such vehicles must be satisfied.

Australia has its own laws and regulations that differ
from those of Europe and North America. To market a
vehicle in the category of a “commercial goods vehicle”, it
must have a payload that is twice as great as the total
occupant mass. Table 1 lists some of the legal and regulatory
requirements in different markets.

2.2 Preferential tax system

Different counties also have certain special
requirements regarding their preferential tax system and
the details differ greatly. Depending on the market, the
requirements are linked directly to the sales volume, so it
is absolutely essential to take steps to comply with the
requirements. Some examples of the special requirements
are given below.

* Double cab payload requirement in the U.K.

If a double cab pickup does not have a payload
capacity of 1,045 kg or more, the tax rate difference
increases, and essentially customers will not buy vehicles
that do not satisfy this requirement.

* Vehicle dimension requirements in the Netherlands

There are requirements for the cargo bed length,
cabin length, wheelbase and other specifications.
COOCOCOOOOVOOOVOOOOOOOOOOOOOOOOOOOVOOOOOS

x-1 B[EIREH

Table 1 Regulations in selected markets

Brazil Diesel vehicles Must have a payload of 1 ton or more.

Requirements of 4WD, minimum axle ground clearance of 200 mm,
Category G: Off- minimum approach angle of 25°, minimum departure
Europe road vehicles angle of 20°, etc.
(ECE) Requirement for
rear bumper Provision of a tube bumper for bumperless specifications
underride barrier specific to pickups

Requirement for
Australia  commercial goods (GVM* when empty) X 50% > 68 kg X no. of occupants
vehicles

% GVM : Gross Vehicle Mass

H ZE ¥ ¥R’ No79 (2016-10) 14
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* Requirement for no rear seat in Norway and Finland

There is a requirement concerning the interior
dimensions of the cabin that makes it necessary to provide
a specification without a rear seat.

¢ Requirement for no rear seat in Thailand

There is a requirement that king cab vehicles must not
have a rear seat in order to get preferential tax treatment
(Fig. 3).

* Excise tax in Thailand

Until 2015, there was a high excise tax rate on
passenger vehicles of 30% or more, whereas pickup trucks
were given preferential treatment. The tax rate on single
cab and king cab pickups was 3% and that on double cab
pickups was 12%. That helped to support the popularity of
pickup trucks in Thailand. However, beginning from 2016,
a system was introduced that calculates the tax rate on the
basis of CO2 emissions. The tax rate increases above an
emission rate of 200 g/km.

¢ Fuel economy (CO: tax system)

Like the situation for passenger vehicles, the fuel
economy and CO:z emission requirements for pickups as
light-duty trucks are becoming more stringent every year.
European countries have adopted systems where the tax
rate increases in stages relative to the CO2 emission level,
though the details differ depending on the country. Which
countries should be the main target markets is a question
that must be considered from the start of vehicle
development.

2.3 Market requirements

The legal, regulatory and preferential tax system
requirements mentioned above are conditions that naturally
must be satisfied. In contrast, how market requirements
are satisfied and which of the individual requirements are
incorporated in a product are matters pertaining to
competitiveness.

The principal market requirements that must be
considered include the specifications given in the catalog
such as payload, towing capacity and cargo and also
requirements that are satisfied as conditions for real-world
use such as off-road capability, durability and maintainability.
A detailed explanation of each of these requirements is
given below.

¢ Payload

Unlike ordinary passenger vehicles, payload is truly
an item characteristic of pickup trucks and comparisons are
frequently made by automotive magazines and journalists.
There are some conditions like the 1-ton requirement
prescribed for diesel pickups in Brazil and the 1,045 kg
requirement (45 kg are for provision of a canopy) for
preferential tax treatment in the U.K., as mentioned
above. However, a payload of around 1,000 kg is ordinarily
secured based on a comparison with rival models. There
are some markets where overloading occurs and also be
taken into account.

» Towing capacity
This is desired in North America, Europe and
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Fig.4 Towing example

Australia as a standard requirement. In recent years,
customer requests for towing capacity have also been
increasing in other markets, especially in South American
countries. It is increasingly being listed in product
catalogs. Pickup trucks in this class are often used to tow
trailers weighing around three tons, and models capable of
towing 3.5 tons have also appeared in recent years. It is
necessary to carry out development work based on the
requirements of each market where the vehicle will be sold
(Fig. 4).
* Cargo

In personal use in North America, Australia and other
markets, pickup trucks are often used to transport
motorcycles and do-it-yourself (DIY) supplies, among
other things. There are also many requests regarding
business use. For example, the baskets transported in
Thailand and the pallets hauled in Europe have a specified
standard size. How many of those items a pickup truck can
transport is one measure of its product competitiveness,
and that information is also listed in the catalog (Fig. 5).
* Off-road capability

Essential requirements include having minimum
ground clearance and maximum wading depth on flooded
roads that are greater than the corresponding specifications
of crossover vehicles. In addition, it is also necessary to
consider driving across deserts, hill-climbing and other
usage conditions that are requirements specific to pickups.
High robustness and durability are required of the body
and chassis for driving in markets where road maintenance
and repair are in poor condition, for example potholes in
Brazil and elsewhere. Table 2 shows the difference in off-
road performance compared with other types of vehicles,
and Fig. 6 shows a typical scene of an off-road performance
test.
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DIESHH|
Fig.5 Loading examples: (above) business usage and
(below) personal usage
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Table 2 Difference in off-road performance compared with
other vehicle categories

Flooded road

Riding over level
difference

Bump/pothole

B 1-ton pickup truck ® Body-on-frame SUV ® Crossover ® Sedan

X-6 BISEWMRFET A SOEF

Fig. 6 Off-road performance development test

17 NISSAN TECHNICAL REVIEW No.79 (2016—10)

* Durability

The indexes specified for the seven major loads (road
load, drive load, braking load, thermal load, physical load,
chemical load and operating load) in real-world driving are
the same items as for passenger vehicles. However, in
developing a pickup truck, it is necessary to achieve more
severe targets in each load category. For vehicle models
that will be deployed globally in particular, it is essential to
group these loads skillfully from the perspective of
development work efficiency in proceeding with a
development project. Table 3 shows the difference in road
load compared with other types of vehicles in different
markets.
* Maintainability

In countries belonging to the Gulf Cooperation Council
(GCC), among other markets, durability against breaking
and maintenance ease are regarded as being especially
important. Care must be paid to these points because
information spread by word-of-mouth communication can
affect vehicle sales.

2.4 Other requirements

Apart from the details explained above, the following
items are also especially important requirements specific
to 1-ton pickup trucks.
¢ Vehicle conversion requirement

Chassis-cab models are sold on the assumption of

B e e e e e e e

x-3 ({hEEEEDBEEFOEL
Table 3 Difference in road load compared with
other vehicle categories

Japan  N.America China  Gulf States Africa

H 1-ton pickup truck ™ Body-on-frame SUV ® Crossover = Sedan

35 mm Min.

Back pavel 1st fixing point

1st fixing point Subframe

ﬂrE;;

i
King cab - 44 mm

35 mm Min.
Back panel

1st fixing point

Double cab

®-7 KT 1 EIYT—XHA RE
Fig. 7 Example of body builder’s guide

«— 50 mm
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aftermarket conversion. For third-party conversions, a
variety of information is presented in guides designed for
vehicle body builders, including conversion instructions
and other details (Fig. 7). In Europe and Mexico, there are
demands for conversion of pickups to ambulances and
crane trucks, among other types. Accordingly, these
requirements must also be factored into the base vehicle in
the development process.
¢ Fleet and tender requirements

In promoting fleet sales to various companies,
organizations, government bodies and others, the vehicle
specifications (size), payload capacity, minimum ground
clearance, wading depth and other attributes also become
prerequisites for submitting a tender. In Australia, for
example, the safety performance in crash tests conducted
under the Australasian New Car Assessment Program
(ANCAP) is one of the requirements.

3. Conclusion

One-ton pickup trucks are used in many different
ways by customers in countries around the world under a
wide variety of market and environmental conditions. A
key point for success in this segment is how efficiently a
product can be developed and deployed under a skillful
bundling of these requirements.

This article has summarized the essential
requirements for 1-ton pickup trucks, but the expectations
and needs of the market and customers are constantly
changing. For that reason, it is essential to continually
identify the prevailing trends and to carry out development
activities and life cycle management accordingly.
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Mitsuhiro Soga Takamasa Ariumi
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Development of the New Nissan NP300 Navara/Frontier
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Summary

The 1-ton pickup truck segment is one in which vehicle manufacturers have deployed

their products globally. Backed by the heritage and knowhow Nissan has accumulated in this segment
for over 80 years, the new Nissan NP300 Navara/Frontier with heavy-duty reliability went into
production first in Thailand as the company’s 12th-generation pickup. It is now produced and marketed
globally. This article outlines the development of this new Nissan pickup.

Key words : Automotive General, 1-ton pickup, tough, smart, body type, off-road capability,
comfort, rear bed, aerodynamics, safety
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Fig. 1 Global markets for 1-ton pickup trucks

1. Introduction

Excluding Japan, 1-ton pickups have been deployed
in over 180 countries worldwide, including the markets of
North America, Central and South America, Europe, Asia-
Oceania, China and Africa (Fig. 1). Vehicle manufacturers
must identify the legal, regulatory and social requirements,
market environment, and customers’ particular ways of
using vehicles in all of these countries and develop
vehicles with the qualities that satisfy all of them.

Nissan’s 12th-generation pickup truck, the new Nissan
NP300 Navara, was put into production first in Thailand in
2014 and is now being produced and marketed globally.
Depending on the market, the Nissan NP300 Navara is
called the Frontier. This pickup embodies reliability honed
and backed by Nissan’s knowhow and heritage in this
segment extending back for 80 years.

This article outlines the development of the new
Nissan NP300 Navara/Frontier.

2. Product concept and appealing points to customers

2.1 Product concept: “Smart, lively horse”

The Nissan NP300 Navara was developed around the
product concept of a “smart, lively horse.” This single
vehicle concept was selected globally to project the image
of a product meeting diverse market environments, which
differ from one country and region to another. Specifically,
this product concept can be expressed as follows. This
trustful 1-ton pickup allows the most demanding customer
to fully focus on both work and play. Its innovative interior

Y

*Nissan # = #5583, Nissan Product Development Department No. 3
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Fig.2 Exterior design of Nissan NP300 Navara

solution and supportive driving environment provides that
he can arrive at anywhere with comfort and he can be
ready to start with fully charged.

2.2 Appealing points to customers
(1) Striking exterior design

The refined yet tough exterior design projects a
powerful, sporty and emotional impression. The side view
is distinguished by a smooth silhouette created by the high
waistline and black B-pillar (Figs. 2 and 3). In addition, the
front face conveys a striking, individualistic impression
owing to the boomerang-shaped lighting signature of the
LED daytime running lights (Fig. 4).
(2) Premium comfort and relaxation

The interior engenders a spacious feeling, thanks to
the gradual curves running from the center panel to the
doors and the rich, three-dimensional section shapes.
Moreover, the finely designed instruments, steering wheel
with a pleasing tactile sensation, aluminum-like finish of
the center stack and console, skillful stitching applied
to the seat covers and other trim features set a new
benchmark for perceived quality in this segment (Fig. 5).
(3) Smart functionality

Priority was given to creating a functional, easy-to-use
pickup truck for customers. Toward that end, a host of
advanced functional features were adopted, including 3D
TFT instruments, Rear View Monitor, Around View Monitor,
an intelligent keyless entry system, and an engine start
button, among others.
(4) Impressive performance

A choice of three engines is offered: an improved
version of the YD25DDTi 4-cylinder direct-injection diesel
engine that provides outstanding power, fuel economy and
exhaust emission performance and has been highly
popular on the previous model; an improved version of the

R e e =
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Fig. 3 Side view
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Fig.4 Front LED lighting
signature
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Fig.5 Interior design
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QR25DE 4-cylinder gasoline engine; and in addition, the
new YS23DDTT 4-cylinder direct-injection diesel engine
that boasts class-leading fuel economy and low emission
levels complying with the Euro 6 standards (Fig. 6).
Further information about the engine technologies can be
found in Nissan Technical Review No. 76.

3. Vehicle overview and packaging

This section describes the model variations and
packaging for satisfying the above-mentioned global market
requirements and for achieving the product concept and
appealing points to customers.

3.1 Model variations

The model variations respond to a wide variety of
needs, ranging from business use, including consideration
of aftermarket customization, to private use for enjoying
leisure activities and full-fledged off-road driving.
(1) Body configurations

Five body configurations are available in combinations
of the standard width body and the wide body by combining
the cab specifications of the single cab, king cab and
double cab with the equipped tire specifications. In
addition, there are both right-hand and left-hand drive
models for a total of 10 different body types. This broad
selection is intended to meet the diverse uses of customers
in 180 countries worldwide.

Moreover, a single cab version is also available as an
unfinished chassis cab model without a rear body so as to
facilitate easy customization of the rear body area (Fig. 7).

R I e e e =

Single cab
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Fig.7 Body types
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Fig. 8 Interior roominess

(2) Powertrain

Powertrain choices include the three types of engines
described earlier that comply with exhaust emission
and fuel economy regulations worldwide, two types of
transmission (a 6-speed manual and a 7-speed automatic),
and also both 2WD and 4WD systems for meeting the needs
of global customers.

3.2 Interior packaging

To ensure class-leading interior roominess, the new
model continues nearly all the interior dimensions of the
previous model. Moreover, to enhance the impression of a
roomy interior, the instrument panel shape was changed
to eliminate any feeling of outward protrusions and the
base of the outside mirrors was improved, among other
measures. The rear seats were also improved to allow
occupants to sit in a comfortable posture by revising the
torso angle and ensuring sufficient knee room (Fig. 8).

3.3 Advanced aerodynamic performance

Improving the drag coefficient (Cp) translates into
better fuel economy and power performance. It is generally
difficult to improve the Cp of pickup trucks because of
their high vehicle height and cargo bed. The class-leading
Cb of the previous model was continued for the new model
and further improved by adopting a rear tailgate spoiler,
deflectors and other items, in addition to thoroughly
refining the fine details of the exterior design (Fig. 9).
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Fig.9 Class-leading aerodynamics
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Fig. 10 Rear body hooks
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3.4 Bed space and rear body hooks

Pickup trucks are used in a wide variety of ways. For
example, container boxes are commonly used in Thailand,
which is one of the major markets for pickups. Accordingly,
the shape of the corner struts, which are principal parts
protruding into the cargo area, was innovatively designed
on the new model so that the bed can accommodate regularly
stacked container boxes. As a result, the new model has
been designed to carry one of the largest numbers of
container boxes of any vehicle in this segment.

Two types of cargo bed are available (Fig. 10). One
type has hooks provided on the top outside of the bed for
easy fastening of cargo tie-down straps. Such outer hooks
are a popular standard feature on pickup trucks. The other
type has a smooth surface without any hooks for emphasizing
a fashionable appearance.

3.5 Improvement of off-road performance

The new model continues the 4WD system that was
popular on the previous model and combines it with a
vehicle dynamics control (VDC) system for enhanced off-
road capability and safety. A brake limited slip differential
(LSD), hill descent control and a hill start assist system
are among the items controlled electronically (Fig. 11).

A mechanical rear differential is also provided for
further improvement of off-road performance (Fig. 12).

3.6 Safety performance meeting global standards

In addition to compliance with the legal and
regulatory safety standards in countries around the world,
target values were set for the latest safety tests included
in the new car assessment program (NCAP) of various
countries so as to secure competitive crash safety
performance. During the development process, extensive
tests were conducted in advance on test vehicles, and
simulations were run using the latest computer-aided
engineering (CAE) tools. The results were incorporated in
the vehicle design to ensure occupant survival space.
Restraint systems were also optimally tuned for reducing
occupant injury levels in collisions.

I e e e e e e
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Fig. 13 5-link rear suspension
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4. Distinctive specifications/equipment

4.1 5-link rear suspension

The new model adopts this class’s first 5-link rear
suspension for providing personal-use customers with even
higher levels of handling, stability and ride comfort (Fig.
13). Compared with the rear suspension on the previous
model, marked improvements were made to handling,
stability and ride comfort, such as by improving stability
characteristics by 40% and enhancing ride quality by
reducing stroke friction by 40%.

4.2 Rear A/C vents

A full-automatic air-conditioning system with
independent right- and left-side temperature controls was
adopted along with rear-seat A/C vents (Fig. 14). For
personal use, these features improve occupant comfort in
the front-passenger’s seat and rear seats, in addition to the
driver’s seat. In particular, because models with semi-
separate front seats have no center console, exclusive trim
was newly designed for the rear-seat A/C vents facing
rearward between the front seats (Fig. 15). This combination
of center A/C vents for the front and rear seats is featured
on semi-separate seat models for the first time in this class.

4.3 Rear bed side steps on single-cab models

For business use, the rear tailgate is generally opened
for loading/unloading heavy cargo to/from the bed. However,
medium- and light-weight cargo items are frequently loaded/
unloaded along the sides at the front of the bed. For
enhanced loading/unloading ease, rear bed side steps are
newly provided, which rival models do not have (Fig. 16).
These steps allow easier access to the front center of the

COOCOCOOPOCOCOOPOCOOPOTGOOOOPOCOOOOCOO
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Fig. 16 Rear bed side steps
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bed, which heretofore has been hard to reach. The steps
also make it easier to climb into and out of the bed when
loading/unloading cargo (Fig. 16).

5. Conclusion

The new Nissan NP300 Navara/Frontier is already
being sold in Asia, Australia, Mexico, Central and South
America, Europe and the Middle East, and sales levels
remain very favorable. Market evaluations since the sales
launches have also been excellent, and the Nissan NP300
Navara won the International Pick-up Award 2016 in Europe.

We intend to provide this product to customers in all
180 countries worldwide in the future. In addition, we will
continue our ceaseless efforts to further refine product
competitiveness in order to provide quality that will satisfy
customers around the world.

N

N
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Mitsuhiro Soga Takao Tani
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Summary The new Titan XD debuted in North America in December 2015 as a full-size pickup
truck in a completely new category. It is Nissan’s first new product in this series in 12 years. This new
Titan XD is sold as a heavy-duty truck with a Cummins V8 turbo diesel engine and an AISIN heavy-duty
6-speed automatic transmission. Both are first-ever applications on a Nissan vehicle. Moreover, the new
Titan was launched as the second generation of this series in August 2016. This article describes the
basic concept of the vehicle planning, power performance, OEM engine and transmission, and Nissan’s

new V8 gasoline engine optimized for use on the new full-size Titan truck.

Key words : Automotive General, power train, transmission, drivetrain, electronic control, Titan
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1. Introduction

The new Titan XD that debuted at the end of 2015 is
positioned at the upper end of the previous Titan model
and was launched as an all-new heavy-duty truck (HDT),
Nissan’s first model in this segment.

The full-size truck market in North America is divided
into light-duty trucks (LDTs), the segment in which the
previous Titan was positioned, and HDTs. The Titan XD is
a model that is positioned between the LDT and HDT
segments. And it was developed as a model in a completely
new category that accommodates not only the work uses
of HDTs but also the personal uses of LDTs.

For that reason, the new Titan XD emphasizes towing
capability, which North American users especially want,
and achieves class-leading towing capacity among LDTs.
Development efforts were also focused on fuel economy
when towing so as to give the Titan XD an advantage in
this regard over other 5.0L-plus gasoline engine vehicles
in the LDT class as well as large diesel engine vehicles
in the HDT class. Convenience has also been enhanced by

* kB #E SR, Product Economic Control-Cost Department  **Nissan 45 = #5B58%E  Nissan Product Development Department
No.3 ™HFET A b bF v 7 ¥k 44 Nissan Motor Light Truck Co., Ltd. ***/¥7U— kL A > 7 1Y =7 bl Powertrain Project

Department
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providing a gooseneck hitch (Fig. 1) for over-bed towing,
which is desired by many HDT users.

Meanwhile, the new Titan, launched in August 2016
as the second generation of this series, places priority on
fuel economy and power performance. Thanks to the
adoption of a V8 gasoline engine with direct fuel injection
and a variable valve timing system (variable valve event
and lift system (VVEL) + intake/exhaust continuously
variable timing control (CVTC)) along with a more
advanced 7-speed automatic transmission (AT), it achieves
class-leading fuel economy and power performance.

This article describes these two new vehicle models.

2. Vehicle packaging

2.1 New Titan XD

In developing the Titan XD, an HDT platform was
newly developed for mounting a large diesel engine. The
aim defined at the vehicle planning stage was to create a
vehicle with attractive and reasonable performance in a
new category between LDTs and HDTs for users who feel
the towing capacity and payload of LDTs, including the
pervious Titan model, are insufficient, but who do not need
the performance of existing HDTs.

Specifically, the following requirements were
considered as the targets for the vehicle profile.

* The vehicle should be the same size as the previous
Titan to ensure an LDT’s ease of use.

¢ The towing capacity should be more than 12,000 lbs.

e There should be power performance in reserve and
excellent fuel economy even when towing.

* A gooseneck hitch should be provided for over-bed
towing (an attractive equipment feature not found on
LDTs).

In order to satisfy these requirements, a new platform
was developed that included the following items in the
vehicle plan.

(1) A model (V8D) fitted with a new 5.0L V8 turbo diesel
engine and a model (V8G) fitted with the new VK56VD
5.6L V8 gasoline engine were established for the Titan
XD. A large radiator and an intercooler were adopted for
the V8D model to facilitate HDT use. The front overhang
was extended and the engine compartment was widened
for installing an additional battery.

(2) The frame was strengthened to support the increased
weight on the front axle of the V8D model and also
the structure of the steering gear was changed to a
recirculating ball gear.

(3) In the middle and upper model grades, a gooseneck
hitch was adopted in the bed as standard equipment
suitable for heavy-duty towing. This hitch is unique to
HDTs and is not found on LDTs.

(4) The wheelbase was extended by 300 mm on the Crew
Cabin model to avoid interference between the rear end
of the cabin and the gooseneck trailer hitch.

(5) In terms of towing capacity and payload, the Titan XD
enjoys an advantage over other 5.0L-plus gasoline engine
LDTs (Fig. 2).



RS A5 XD /A5 UHFE

WMO7=H70 Y N =NV TOIEEE LY Vb — 24
DT A MMex 3k L 72,

(2) VDRI E I IIFIE T H720, 7L — A% il
35 Lz, AT T ) ¥ 7 X T % Recirculating Ball
Gear B I2EH L 72,

(3) LDT I3 WHDT 22— 7 23 LT, VY Ry
RIiZAE—=b—A Y TIE LIz — ARy Ty T A
INEH RSV — IR E L 72,

4) F—=2AAxv 7 hL—=F XX U BimE OTHHILED
72, KA =V RN—=2%300mmitE L7 (7 V—F
TETIN)o

(5) 1FAGIRES) ERERREI N IMOS0LEBA V) v P
LDTIZRLTC7 RNy 7=V &R L7 (K2),

22 FBASGA5Y

FARN =Dy 4 7 U BEEE L, 561 V8
A 1Y VKEEVD EFr 7 AT #5895,

T, BRI, B4y XD UTOLEE Y
EiiL, 7 I A by TLNVOENEREESY A Y 1= —
TURATAN T THBERIT)VERMAY FF T %
a7 472,

KRBT )NDZENOARTE) T=DIZT )V X v ¥ R

EL7
M bEE LT IO F T IV OEE RRER L, R T
Oy MNARATEHREL,

WAL, FYE )Yy FoN) - arvid, &
B2y Y PN F Yy TETIVEBMLEZZET, 4%
YUY AL LTEEDDOXF Yy BN - 3 Y aED
ZEIIBY, Z—YFOIERIFLIERONDLTA VT v
Terol. HIER, 945 XD, #4532y v—
XY TETIVORTH LN, GBIV IVFXxTEX 0T
FyTETNEBINTETFETHS (K3),

200 0 0 0 0 1 0 0 0 0 0 0 0 2 0 0 0 0 A Y A SR S SR R e e o

16000 i )t ‘
t Heavy-duty
trucks (STD)
I {
2 14000 gl
b N /‘j__ -------
=4 Titan XD V8 A /
&'12000 ) A
o0 Titan XD[V8G |
k= A\ Y Heavy-duty—
% = "trucks (STD)
2 10000 L]
[ Titan
K | o®
8000
1200 1600 2000 2400 2800 3200

Payload [lbs]

K-2 (FASIRENEIRBEESIDLEE
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2.2 New-generation Titan
The basic vehicle package inherits that of the previous
Titan, and a new 5.6L V8 gasoline engine (VK56VD) and a
new 7-speed AT were adopted. With the aim of improving fuel
economy, the following specifications were changed from
the previous Titan, enabling the new model to achieve
class-leading aerodynamic performance while retaining
the large grille and large headlamps that are distinctive
features of the Titan’s unique styling.
e A grille shutter was adopted to compensate for
aerodynamic loss caused by the large grille.
* A large front spoiler was adopted to secure the desired
ground clearance and competitive approach angle.
Finally, a Single Cabin model was newly added this
time, giving the Titan series three different cabin
variations and three different bed variations. The resultant
lineup can accommodate a wide range of user requirements.
The Titan XD and the Titan are currently only available
in a Crew Cabin model, but it is planned to add Single Cabin
and King Cabin versions of both models in the future (Fig. 3).

3. Cummins® 5.0L V8 turbo diesel engine

3.1 Engine profile and major specifications

This engine was adopted to comply with California’s
LEV III diesel emission regulations, which apply to a
Nissan model for the first time. This engine achieves
exceptional quietness thanks to a multiple injection
strategy with up to five fuel injections per cylinder, made
possible by the latest common rail direct injection system
and accurate fuel injection control. In addition, the
adoption of a Cummins original two-stage turbo system
combines the power performance demanded of an HDT
for towing with good fuel economy. The main specifications
of the engine are listed in Table 1.

3.2 Major technologies
(1) Latest emission reduction technology

Optimal combustion control matching the driving
state is obtained thanks to the common rail direct injection
system, incorporating piezoelectric injectors that deliver a
maximum fuel injection pressure of 2,000 bar, and the

GO0V VVVVVOVVVVVVOVVVVOVOVOVOVOVOVOOOOOOOOS
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Titan/Titan XD
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Titan/Titan XD
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Titan Titan XD
5.5-ft bed 6.5-ft bed
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Fig. 3 Body and bed variations of new Titan XD/Titan

Crew Cabin
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Table 1 Specification of diesel engine

exhaust gas recirculation (EGR) system equipped with a
cooler bypass valve.

The exhaust gas aftertreatment system integrates a
diesel oxidation catalyst (DOC) and a diesel particulate
filter (DPF) for downsizing the system and for efficient
exhaust gas temperature control while suppressing thermal
loss. A selective catalyst reduction (SCR) system has also
been adopted to comply with stringent NOx emission
regulations in North America.

(2) Original turbo system

The Cummins original two-stage turbo system features
an electronically controlled rotary valve positioned
between high-pressure and low-pressure turbines. Besides
the ordinary two-stage mode, this system enables selective
use of a single-stage mode in the high speed range and
an exhaust throttling mode when regenerating the DPF at
low engine loads. As a result, it provides optimal boost
control matching a wide variety of driving conditions,
thus achieving both a wide torque characteristic and
optimum fuel economy (Fig. 4).

4. AISIN 6-speed AT

An AISIN 6-speed transmission (RE6R01A) with a
large torque converter and a large output shaft was adopted
in order to accommodate the Titan XD’s gross combination
weight rating (GCWR) and engine torque, which exceed
the corresponding specifications of not only the previous
Titan but also of other companies’ LDTs (Fig. 5).

A braking force control system for use during towing
was also adopted for the first time on a Nissan vehicle as
a unique HDT selling point. In this control mode, the
transmission downshifts when the accelerator pedal is
released while towing and it downshifts again when the
brake pedal is depressed. Subsequently, the gear position
is held even if the brake pedal is released, thereby enabling
effective use of engine braking. This control feature makes
it easy to maintain the vehicle speed even when traveling

R e e e e e e g

2 Stage Mod
T | 0

Single Stage Mode
"~

Item Specification
1 | No. of cylinders V8
2 | Engine displacement 5.0L
3 | Bore x stroke 94 mm x 90 mm
4 | Compression ratio 16.3:1
5 | Firing order 1-2-7-8-4-5-6-3
6 | Max. power (gross power rating) 232 kW /3200 rpm
7 | Max. torque (gross power rating) 752 Nm / 1600-2600 rpm
8 | Emissions regulation and compliance LEV III ULEV340
9 | Idle speed 625 rpm
10 | Engine weight (wet) 363 kg

—
=

Engine speed range

Max. rated speed 3200 rpm
Max. governed speed 4000 rpm
High idle speed (no load max) 4200 rpm
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Source: https://cumminsturbotechnologies.com/TechnicalNews1

-4 2 AF—I5—IRY AT LAOEHIEER
Fig.4 Schematic diagrams of various modes of
2-stage turbo system
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downhill (Fig. 6).
5. New 5.6L V8 gasoline engine (VK56VD)

5.1 Engine profile and main specifications

The VK56VD engine offered on the Titan is based on
the premium gasoline version of the Infiniti QX80 engine
and is designed to operate on regular gasoline, the same as
for the Armada. The main specifications of the VK56VD
are listed in Table 2 in comparison with those of the
VK56DE used on the previous Titan model. The application
of direct injection gasoline (DIG) fueling increased knock
resistance, enabling the compression ratio to be raised for
improved thermal efficiency. The adoption of the VVEL
and intake/exhaust CVTC optimizes the valve timing to
improve power output, while simultaneously improving
fuel economy and exhaust emission performance.

5.2 Improvement of power performance

The adoption of the VVEL system obtains the optimal
valve timing and lift amount matching every engine speed
from idling to the high speed range, which, together with
the higher compression ratio, improves power output over
the entire engine speed range. It also secures a wide
torque range with over 85% of the maximum torque
generated from 1,600 rpm for improved power performance.

COOCOCOOPOCOCOOPOCOOPOTGOOOOPOCOOCOCOO

For easy vehicle control during towing

Vv Optimum shift control selects the best ‘
gear according to the driving situation. “
>Uphill: To avoid shift hunting

>Downhill: To obtain adequate engine braking

I

Obtain engine braking

le

-6 HIERIEDOE A X—

Fig.6 Outline of tow mode control

x-2 AVUYIVIVEERT (VKE6VD)
Table 2  Specifications of gasoline engine (VK56VD)

Engine VK56VD VK56DE

Vehicle Titan Titan/Armada

Engine type 90°V8-DOHC 32valve —

Displacement (CC) 5552 —

Bore X stroke (mm) ©98%92 —

Compression ratio 11.2:1 9.8:1

Valve train Direct Drive Direct Drive

VVEL (Intake)

Variable valve timing control INT/EXH INT

Valve lift (mm) Intake 5.4~10.8 (variable) 9.2
Exhaust 9.8 9.4

Aspiration Natural —

Fuel supply system NISSAN DIG NISSAN EGI

Fuel type Reguler —

Max. power (kW / rpm) 291/5800 237/5200

Max. torque (Nm / rpm) 534/4000 522/3400
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5.3 Improvement of fuel economy

Fuel economy has been improved by the effects of
the optimal intake valve event angle obtained with the
VVEL system, intake CVTC that advances the intake valve
timing, exhaust CVTC that retards the exhaust valve timing,
and increased thermal efficiency due to the higher
compression ratio and optimized combustion control
achieved with the DIG system (Fig. 7). Fuel economy has
also been improved by reducing friction through the
adoption of a thermal management system that promotes
faster engine warmup and provides high-temperature
coolant control. The combination with the 7-speed AT
allows the operating range to be set in the low-speed, high-
load region, enabling fuel economy to be improved further
(Fig. 8).

5.4 Improvement of exhaust emission performance

The DIG system makes it possible to switch between
stratified combustion and homogeneous combustion, thus
facilitating optimum combustion control that improves
both fuel economy and exhaust emission performance.
Exhaust gas components are reduced at engine start by
applying an overall lean air-fuel ratio right after the engine
is started. In addition, catalyst light-off time is also reduced
by raising the exhaust gas temperature through double
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Fig. 11 Schematic diagrams of ADD system
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Fig. 12 Measures for improving aerodynamic performance

fuel injection and retarding of the ignition timing. As a
result, emission performance has been improved by one
emission regulation level from LEV to ULEV even though
the precious metal loading of the catalyst has been reduced.

6. Fuel economy and power performance

6.1 Titan XD V8D model

The V8D model equipped with the new 5.0L V8 turbo
diesel engine was developed with the aim of providing
ample output with power in reserve when towing, which is
highly valued in this vehicle class, and excellent fuel
economy.

With its class-leading towing capacity of 12,000 Ibs.,
the V8D provides ample power performance with power to
spare for towing even on uphill freeway grades.

Compared with rival models fitted with a 5.0L-plus
gasoline engine, the V8D enjoys more than a 20% actual
fuel economy advantage when towing. It also provides
comparable or even better real-world fuel economy when
not towing anything (Fig. 9).

6.2 Titan V8G model

The previous Titan model, which was marketed for

more than ten years following its release, was also highly
regarded for its power performance. The new-generation
Titan, equipped with the new VK56VD 5.6L V8 gasoline
engine and a 7-speed AT, achieves class-leading fuel
economy and power performance. Fuel economy in particular
has been improved by approximately 30% over that of the
previous model (Fig. 10). The principal measures adopted
for attaining this performance are described below.

(1) The engine and transmission have been transplanted
from the Infiniti QX80 and the VK56VD further adopts
the DIG and VVEL systems. In addition to acceleration
performance at low to intermediate speeds, for which
the previous model was highly rated, the V8G also
delivers stress-free acceleration at intermediate to high
speeds. Moreover, the adoption of a 7-speed AT provides
powerful start-off acceleration as well as quietness and
good fuel economy in high-speed cruising.
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Measured in Nissan’s wind tunnel
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Fig. 13 Aerodynamic performance trend for full-size pickup
trucks
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(2) The 4WD models are equipped with Nissan’s first
application of an axle disconnect device (ADD). This
device disconnects the front-wheel drivetrain during
2WD driving, which is the mode ordinarily used, thereby
reducing friction losses to improve fuel economy. The
control procedure for synchronizing the operation of the
transfer unit and ADD when switching between 2WD
and 4WD has been optimized to secure both convenience
and reliability (Fig. 11).

(3) Class-leading aerodynamic performance has been
achieved by adopting concrete measures for markedly
improving the factors specific to pickup trucks that
degrade this performance. These include (1) the large
opening area at the front end, (2) engulfing of air around
the bed, and (3) greater airflow resistance under the
floor. The first factor was resolved by adopting an active
grille shutter and a large front spoiler, the second factor
by adopting a roof spoiler and a rear tailgate spoiler and
by minimizing the clearances between the bed and cabin
and between the bed and frame, and the third factor by
adopting undercovers beneath the engine compartment
(Fig. 12). As a result, the Titan achieves one of the best
Cp values for a full-size pickup truck (Fig. 13).

7. Conclusion

Developed around an all-new truck concept, the new

Titan XD debuted as an HDT close to an LDT. In order to

establish this vehicle in the North American market, it is
hoped that all the people involved will continue their
concerted efforts, including fostering the growth of the
new-generation Titan LDT. Finally, the author would like
to thank everyone for their cooperation in connection with
the writing of this article.
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Frame and Bed Design for Pickup Trucks

P ERE I R s
Hironori Awano Tkuo Miyai Kiyoshi Sagara
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Summary The body structure of passenger vehicles has transitioned from the previous body-on-
frame construction to the unibody construction, but many light commercial vehicles (LCVs) still adopt
the former structure. The primary reason for that is to achieve severe durability targets, and this is the
fundamental requirement for frame design and engineering. The pickup truck bed for carrying cargo is
used in various ways in different markets around the world. It is essential to meet such diverse market
requirements. This article describes the structure, performance requirements, design considerations
and projected future technology trends for the frame and bed that are distinct body structures of pickup
trucks.

Key words : Body, body-on-frame, frame, bed, pickup truck, body structure, design

1.1 U & IC 1. Introduction
Vehicle body construction methods can be broadly
B IL, 7ol E oy 2R LIRS divided between the body-on-frame structure and the
N5, 7L —AfEEIX IRFICT7 VL — A2 570K unibody (monocoque) structure. With the body-on-frame

i FEASTIFIC S <L RS b 72 5 7200 | TS construction, the frame is positioned under the floor, which
HF 2% EOFAY 5 M 5d D75, BT L M4 7 has certain disadvantages, including making it difficult to
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EHOTWE, FO720H, 71— LEENPEmIZER SN Fig.1 Body structure of a 1-ton pickup truck
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lower the cabin floor height and increasing the weight due
to the separate body construction. However, because the
necessary stiffness and strength are secured by the frame
itself, it is easy to produce derivatives. For that reason, the
body-on-frame construction is often adopted for light
commercial vehicles (LCVs), including pickup trucks, for
which many model variations and rigorous durability are
required, and for full-fledged sport utility vehicles (SUVs)
that must provide off-road capability.

As shown in Fig. 1, the body structure of a 1-ton
pickup truck is divided into three major parts: the cabin,
frame and bed. This article describes the market
requirements, body structure, design considerations and
projected future technology trends for both the frame and
the bed.

2. Frame structure

Excluding a few exceptions, the cabin and bed of
a pickup truck are separated, so the frame is the sole
structural member that connects the entire vehicle
longitudinally. The frame accounts for approximately
15% of the total vehicle mass. Accordingly, because the
frame structure has a significant impact on the various
performance attributes required of a vehicle, it is
necessary to design the frame with that influence in mind.

Figure 2 shows an example of the frame structure.
This is a ladder-like structure consisting of two side frame
members placed in the vehicle’s longitudinal direction and
connected to several cross-members in the vehicle’s lateral
direction. As such, it is called a ladder frame. In order to
satisfy various performance requirements, the frame is
made of different types of steel plate press-formed to a
thickness of 1.8-5.0 mm and connected together by arc
welding or by bolted joints. The arc welding process
induces thermal strain that often influences dimensional
accuracy, so the required accuracy is satisfied by drilling
the connecting holes between the chassis parts and the
cabin after the welding is completed.

The cross sections of the frame have closed and open
structures or combinations of the two. Closed cross
sections are advantageous for ensuring torsional stiffness,
while open cross sections are good for obtaining bending
stiffness and strength. Suitable cross-section structures
are selected for each body part according to the targeted
performance. In the example shown in Fig. 2, the side rails
have closed cross sections with reinforcements placed on
the inside and the parts are arc welded together. ¥

3. Frame performance requirements and design
method

The performance requirements of the frame include
its allotted share of the targeted performance set for
crashworthiness, durability, handling, stability, noise,
vibration and loading strength, among other attributes.
In order to achieve these performance requirements,
substitute properties are determined for the stiffness and
strength required of each frame part.
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3.1 Crashworthiness

In frontal crashes, the crushing behavior of the frame
has a significant effect on various performance requirements
such as the acceleration characteristics of the vehicle in a
collision, front tire behavior and assurance of survival
space for the occupants. As illustrated in Fig. 3, when
designing frame parts, portions are allocated for crushing
and non-crushing in various types of collisions from low
to high speed crashes. The cross-section size, plate
thickness, shapes and optimal placement of reinforcements
are all designed to build in the desired reaction force
characteristics, buckling timing and deformation modes.

3.2 Durability performance

In general, the durability performance required in
developing countries in terms of the service life ratio for
the same level of force inputs is 20 to 100 times greater
than that needed in developed countries. In addition,
because of the connection with the magnitude of the
deformation forces input to the cabin and bed, frames for
use in developing countries often adopt closed cross
sections that are advantageous for torsional stiffness. One
point that requires attention when designing the durability
performance of the frame is to disperse stress concentrations
induced by force inputs. Attention is also paid to welding
quality control and the start and end points of welds
because durability cracks often develop from arc-welded
end faces. In addition, testing and simulation methods
have been developed and are being used that facilitate
evaluations in a short period of time.

3.3 Noise and vibration performance

With the body-on-frame structure, the points where
the engine, drive train and suspension are mounted are
all located on the frame, and the cabin is mounted on the
frame via rubber mounts. This creates a double anti-
vibration structure that has the advantage of quietness.
On the other hand, cabin shaking and shudder in a range
of 10-20 Hz tends to occur and are frequently issues that
must be addressed during vehicle development. For that
reason, there are examples of sport utility vehicles (SUVs)
in particular, which compete with unibody passenger
vehicles, that have adopted a dedicated frame as a structure
that puts priority on torsional stiffness and lateral bending
stiffness for suppressing cabin shaking, rather than being
a pickup truck derivative.

The overall stiffness of the frame is also a basic
property that affects the noise and vibration performance
of a vehicle. The benchmark results shown in Fig. 4
include the data for rival models and indicate that torsional
stiffness differs by as much as fivefold even for the same
wheelbase.

The foregoing discussion makes it clear that setting a
suitable stiffness target is important with respect to the
desired vehicle image and road load. Owing to the simple
structure of the frame, the properties of its basic cross
sections are a critical factor in this regard. Accordingly,
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the design of the vehicle layout, including the frame cross
sections, is a very important subject that must be examined
in the early stage of vehicle development.

Table 1 is an example of a comparison of cross-
sectional properties. Even for cross sections having the
same mass, the properties vary greatly depending on the
dimensions selected.

4. Trends in frame technologies

The frame mass has tended to increase in recent
years as a measure for meeting rising safety performance
requirements as typified by the small overlap frontal crash
test conducted in the U.S. However, vehicles with a body-
on-frame structure are no exception to the need to reduce
the vehicle mass for the purpose of curbing CO:z emissions.
Accordingly, efforts to reduce the frame mass are strongly
required in every aspect, including materials, structures
and manufacturing methods.

With regard to materials, expanded use of high-tensile
steel has been helpful in achieving weight reductions,
while the use of aluminum has not progressed beyond
application to the front bumper on some models. It is
expected that the use of aluminum materials will increase
in the years ahead, particularly for bolted-joint parts.

With regard to structures, closed cross sections have
been adopted for various structural parts along with the
adoption of a structure for improving joint stiffness by
passing these parts through the cross sections of the side
members and welding both sides. Similar to the situation
for unibody vehicles, the application of optimized plate
thickness by using steel plates of differing thicknesses is
currently expanding.

With regard to manufacturing methods, there are
needs for hydroforming techniques that eliminate the
welded seams between press-formed parts, a tandem arc
welding process using multiple electrodes for attaining
higher welding speeds, and techniques for predicting and
controlling thermal strain induced by welding. ?

The body-on-frame structure will probably continue to
be adopted on many LCVs in the future to satisfy market
demands for strength and durability performance, and
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Table 1 Properties of cross sections with the same mass
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Length x width x plate thickness

200*80*2.5 | 180%100%2.5 | 200*100%2.3

[mm]
Second-order moment ratio of

. . 1.00 0.88 1.06
vertical cross-section
Second-order moment ratio of

. 1.00 1.48 1.52

lateral cross-section
Torsional constant ratio 1.00 1.27 1.35
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Fig. 5 Examples of various loading conditions in
different markets

moves toward weight reduction and rationalization will be
further accelerated by the application of new technologies.

5. Pickup truck bed

The bed used to carry cargo at the rear of a pickup
truck is generally mounted on top of the frame in a
condition where it is separated from the cabin. Pickup
trucks have various body types, and bed specifications of
several different lengths are often provided to match the
body types.

The types of things carried on a pickup truck bed
differ greatly depending on the market. In recent years, it
has been necessary to consider bed uses that accommodate
leisure preferences as well, rather than simply hauling
cargo. The things loaded on the bed include agricultural
products, earth, sand, motorcycles, agricultural equipment
and farm animals, among other things (Fig. 5). Sufficient
bed capacity and strength must be ensured to cope with
such diverse uses. Because of these various uses, a
protective covering may be provided on the bed surface to
protect the cargo being carried, and there are times when
a canopy is provided to protect the entire bed area. In
addition, a plastic cover is often provided for the purpose
of protecting the paint applied over the entire inner
surface of the bed. There is also a spray-on bed liner for
protecting the bed. A plastic liner is sprayed directly on
the bed in the painting process at the mass production
plant.

6. Bed structure

Like other body parts, the bed is generally
constructed of press-formed parts that are spot welded or
bolted together. As shown in Fig. 6, the bed consists of a
front header panel, side panels on either side, a floor panel
and a rear tailgate that opens and closes to create a rear
opening for loading/unloading things to/from the bed. For
work use, the header panel has a guard frame to prevent
cargo from hitting the cabin and outer hooks are provided

B o

Side panel

Header panel

Tailgate

Side panel
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Fig.6 Exploded view of bed
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on the top outer side of the side panels for tying down
cargo. The parts are joined together to form a single bed
structure that is generally mounted to the rear part of the
frame at four points below the cross-members of the floor.

The tailgate is typically opened to 90° for use, though
it is constructed such that it can be opened further to 180°.
Some tailgates are also built to be removed and re-
installed.

7. Bed design considerations

The main points that must be kept in mind when
designing the bed are to ensure the necessary load
capacity, loading strength and durability to satisfy the
requirements in various markets where the truck will be
sold.

7.1 Load capacity

The results of research into how pickup trucks are
used in each market provide reference for ensuring
sufficient load capacity. For example, the plastic containers
that are commonly used in the Thai market serve as the
basis for evaluating load capacity (Fig. 7). The new NP300
Navara secures load capacity equal to or greater than that
of the previous model and rival models as a result of
innovatively designing the panel shapes and structures,
while keeping in mind styling and production requirements.

7.2 Loading strength

Loading strength is designed by envisioning the many
different types of cargo that the bed might carry, as
mentioned above. The strength of the bed floor when
subjected to the direct force inputs of the cargo is a critical
factor. The strength of the bed floor does not mean just its
overall strength, forces applied locally must also be fully
considered. For that reason, cross-members (bolsters) are
positioned laterally under the bed floor to support the
entire floor and their cross-sectional strength must be
ensured. Wavy beads are also provided on the floor surface
so that the bed floor can amply withstand local force
inputs. Moreover, the strength of the side panels is another
a key factor in ensuring loading strength. In addition to
sustaining the tailgate when it is open, the side panels
must ensure sufficient strength to support the forces input
directly from the tie-down hooks when they are provided.
Ensuring the joint stiffness of the struts at the rear of the
side panels is an important factor in securing that strength.

7.3 Durability and strength

Because the forces input to the bed are primarily
induced by forced displacement, it is vitally important to
suppress the amount of frame deformation. Care must be
taken to prevent stress induced at spot welds from
concentrating in the bed itself. Specifically, the structure is
designed so that the loads of the front and rear struts,
which are subjected to large force inputs, are applied to the
shear force input plane and stress concentrations resulting
from several weld spots are dispersed (Fig. 8).
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8. Bed technology trends

Similar to other body parts, there has been an
increasing need to reduce the bed weight for the purpose
of improving fuel economy. The weight of the new NP300
Navara bed was reduced by 7 kg from that of the previous
model through structural rationalization. That was achieved
by reviewing the structure and plate thickness of the side
members for which there are relatively few strength
requirements, as was revealed by a re-examination of
the strength levels for satisfying the market requirements
in various countries. Weight reduction technologies
have been advancing in recent years based on material
substitution. Plastic beds made of glass fiber-reinforced
polypropylene and beds made of aluminum that has higher
specific strength than steel have actually been applied to
production vehicles. Apart from weight reductions, there
are also examples of the application of a large spoiler to the
top of the tailgate for the purpose of improving fuel
economy, which simultaneously creates a sporty appearance
as well (Fig. 9).

Many moves have also been made toward improving
convenience owing to the diversification of market needs
and demands for greater utility. It is expected that broader
application will be seen in the future for utility boxes (Fig.
10) installed inside and outside the bed to increase storage
space, remote systems for opening/closing the tailgate,
and rear-view monitors providing a rearward field of view,
among other items.

9. Conclusion

This article has described the design of the frame and
bed of 1-ton pickup trucks, which are one typical LCV body
type. Both parts have high targets for stiffness, strength

B o o e e o -
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Fig.9 Example of tailgate spoiler

®-10 d1—F ¢ UF 1Ry o ZXOHMAH
Fig. 10 Example of utility box for bed
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and durability that differ from those of unibody passenger
vehicles. The necessary structures and principal design
considerations for achieving those targets have been
explained here. Similar to passenger vehicles, body-on-frame
LCVs also have greater needs than before for further
weight reductions and improvement of convenience. It is
expected that such needs will be met through the continued
application and innovative use of new technologies in the
years ahead.
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Development of the NT500 Cabstar/Atlas
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Summary The concept of the new Cabstar/Atlas released in 2006 was “smart trucks for active
business”. Their combination of maneuverability in narrow places with a roomy cab, advanced
functional interior and other features were highly regarded. They won the Ultra Light Truck Award
2007 given by the Professional Van and Truck Magazine in the UK and Good Design Award 2007 in
Japan. This article describes the improvements made to the new NT500 developed to comply with the
latest regulations and also the technologies developed by Nissan Motor Light Truck Co., Ltd.

Key words : Automotive General, commercial vehicle, cab-over truck, NT500
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Fig.1 NT500

1. Introduction

Nissan cab-over trucks are produced in Japan, Spain
and China. The Cabstar for Europe was released in 2006,
the Atlas for Japan in 2007, the NT400 Cabstar for China in
2009 and the NT500 for Europe in 2013. These cab-over
trucks are sold in over 40 countries around the world,
including OEM sales to Renault Trucks and Mitsubishi
Fuso Truck and Bus Corp.

The article focuses on the NT500 (Fig. 1) in particular
and describes the improvements made to this product and
the technologies embodied in cab-over trucks.

2. Product improvements made to NT500

One of the principal product improvements made
from the previous model is the functional interior that
enhances the driver’s work efficiency.

Specifically, new convenience features such as a
hands-free telephone, cruise control, a suspension seat and
others were added this time to the popular original items
on the Cabstar/Atlas that included a wide variety of handy
storage spaces, a center seat backrest table and other
items (Fig. 2).

*Nissan 45 = % 5 B %8 %, Nissan Product Development Department No.3 “H#E 5 1 » + 5 v 7 ¥k £&4t Nissan Motor Light

Truck Co., Ltd.
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3. Development of urea SCR system for ZD30DDTT
diesel engine

3.1 Compliance with Euro VIb exhaust emission
standards

The NT500 is equipped with the newly developed
ZD30DDTT 4-inline 3.0L diesel engine with a two-stage
turbo system for attaining both higher power and lower
fuel consumption. It also features a high-efficiency exhaust
gas recirculation (EGR) cooler with a bypass valve and
combines a diesel particulate filter (DPF) with a
regeneration control function and Nissan’s first application
of a urea-based selective catalytic reduction (SCR) system
as the exhaust gas aftertreatment system. This
combination markedly reduces particulate matter (PM)
and nitrogen oxide (NOx) emissions, enabling the NT500
to clear the Euro VIb exhaust emission standards under
the World Harmonized Transient Cycle (WHTC).

3.2 Configuration of urea SCR system

Figure 3 shows the configuration of the urea SCR
system. This system sprays a urea-water solution into the
exhaust gas stream to produce ammonia that reacts with
NOx upstream of the SCR catalyst to dissolve it into
harmless water and nitrogen.

3.3 Attainment of high NOx conversion performance

In order to elicit the maximum NOx conversion
performance of the SCR catalyst, it is important for
ammonia to be adsorbed uniformly on the catalyst. In
developing the NT500, computational fluid dynamics
(CFD) simulations were used in the following three steps
to improve the gas flow velocity distribution and ammonia
dispersion uniformity, which are the principal parameters
determining NOx conversion performance.

* Step 1: A U-turn flow structure was adopted in the exhaust
pipe to secure sufficient time for urea-water solution
evaporation and ammonia-generating reactions

e Step 2: A mixer was added to improve the gas flow
velocity distribution at the SCR catalyst inlet

e Step 3: The inlet cone geometry upstream of the SCR
catalyst was optimized.

Table 1 shows the results of these measures for
improving the NOx conversion rate.
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Fig. 3 Urea SCR system and components
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Table 1 Results of NOx conversion improvements
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AA | N, b AERy N :
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NOx conversion rate
during WHTC mode

Under 80% 82% 88%

4. Development of a lane departure warning (LDW)
system

An LDW system was developed for use on the NT500
to comply with the obligation to equip N2 category
vehicles in Europe with such a system beginning in 2015.
The system was basically configured around the use of a
camera, which has already been used on passenger vehicles.
The following development work was undertaken to adapt
the system to the specific requirements of a cab-over truck.

4.1 Change of the lane recognition distance

The range of upper and lower angles that can be
recognized is fixed by the camera specifications, and the
upper limit of the detectable area must be defined above
the horizon (Fig. 4).

Because a cab-over truck has a high vehicle height,
the camera is installed at a high position on the vehicle.
Accordingly, if the recognizable angles of the passenger
car system were adopted unchanged, it would not be
possible to recognize the lane markers near the vehicle as
indicated by the red frames in Fig. 5. To avoid that problem,
the system parameters were changed so as to move the lane
recognition area forward as indicated by the green frames
in the figure.

4.2 Addition of automatic correction function
Because the cab has a tilt mechanism, the yaw angle

I e e e e e e e e e e e e e

N (=
Necessary to see above the horizon Same angle as for a | -
even when the pitch changes passenger vehicle /,\u

Line parallel to the ground C
U ectable

range for a truck

M-4 L—EREEE0LE
Fig.4 Comparison of lane recognition range

Red frames: Recognition range of passenger vehicle camera
Green frames: Recognition range of NT500 camera

®-5 L—EREE
Fig.5 Lane recognition range

H ZE ¥ ¥R’ No79 (2016-10) 44



Development of the NT500 Cabstar/Atlas

yoI=JNOMHE (6D L) & ERT HLEND D,
EDIZOH AT DI — I v T HREOHF A 2 5 T REMEAS
HY. WEEANOEEZBFEL72) 2T, I—HIOH[ED
FAR IR L7z CORFEMEILRET & TL — vk
OREEEZ MRS 5720, HBHIERREZ B L 72,

43 BERIAZIVIDEE

NT500 (X3 HH# L 1) #400mm HIEAA <. Hilj & L —
AL D HWS SO XREOFEFEST G, FT
ANRNPHLTHDLLWEETIZWERY £ 3 0 7 I2mEt
L7

5. VDC DR

WRHIN 77 7 )X RN T 0 — v & — Nk
12 &k B ReEDm Fx HIIZ, BEIEORESE K OEEIC
B9 % L UN-RI3 THMZEMERRERAHIE SN, &
DEARHEET A 726, NTH0013 20134512 VDC (Vehicle
Dynamics Control) #4%H L7z,

51 UN-R13ZEHENDES

R13 (M FR) L RISH CGEAIHR) oFE#floE%x
F2IRT e FvY T A —N— Ty 7 RELENEL, T
FAHEAOHEED: (Sine with dwell) TldE—NVAvK& <%
D, B, REMET EBALHERT AN TE RV
®, VDCHON /OFF %) R%FEHT & 2 5Bk % HE)
A=A REL, BRREORR %21 2 T d Do
AETIE S E ST LT oalbaz i L 725, vDC
DON/OFF A FEH LR T WilBi e LT, a—)b
ZEERIBN I L TId] 7 — 3B, T2t L
TR TNV —rF oy VRBEZREL, B E21T 7
(7,

GO0V VVOVVOVVOVVOVVVVOVOVOVOVOVOVOOOOOOOOS

— | =

Cab angle B

Camera
angle o

X-6 FILbEBEOTZE
Fig. 6 Influence of cab tilt mechanism

F-2 R13 & R13H DL
Table 2 Comparison between R13 and R13H

Trucks Passenger vehicles
Category EVSC regulation ESC regulation
(UN-R13) (UN-R13H)

@ Test method is negotiated
between vehicle manufacturer

Test method and homologation authority

e Evaluation of (1) roll stability
and (2) directional stability

e Envisioned test method
(sine with dwell test)

Parallel use of
simulation
results

@ Parallel use allowed. However, must obtain homologation
authority’s approval of simulation tool
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of the cab (£ in Fig. 6) must be taken into account in
contrast to a passenger vehicle. To do that, there was
concern that the range of aiming adjustment possible by
the camera might be exceeded. As a result of investigating
the potential impact on recognition performance, the
allowable yaw angle was expanded. An automatic correction
function was also added to ensure lane recognition accuracy,
including for the larger allowable yaw angle.

4.3 Optimization of warning timing

The width of the NT500 is approximately 400 mm
larger than that of a passenger vehicle, so the distance
between the vehicle and the lane markers is narrow on
both sides. The allowable distance range is particularly
narrow when the truck sways. The warning timing was
optimized so that it would not seem annoying to the driver.

5. Development of vehicle dynamics control (VDC)
system

UN Regulation 13 (UN-R13) concerning the structure
and equipment of motor vehicles defines the requirements
of vehicle stability performance for the purpose of
enhancing the safety performance of N category vehicles
in Europe by improving their directional stability and anti-
rollover performance. Accordingly, a VDC system was
adopted on the NT500 in 2013.

5.1 Compliance with UN-R13 regulations

Table 2 presents a comparison of R13 (commercial
vehicles) and R13H (passenger vehicles) regulations.
Because cab-over trucks have a high center of gravity, they
roll greatly under the sine with dwell test procedure
applied to passenger vehicles, making it impossible to
confirm steering performance and stability. For that
reason, vehicle manufacturers must propose a test method
for proving the On/Off effect of a VDC system and obtain
the homologation authority’s approval for using it. Based
on the results of tests conducted under various driving
conditions, Nissan developed test methods that easily

COCOOVOOPOOOOOOPOOOOFOOOOOOPOOOOCOCOO

Passenger vehicles
Sine with dwell test

NT500

Nissan’s proposals

(1) Roll stability (J-turn) 270°<max. steering angle <300°
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- O
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I n <
. L0t
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(2) Directional stability- S|ApfB@\t of lateral movement
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== "
% e Time
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®-7 R13 & R13H DOiERAES
Fig. 7 Passenger vehicle and truck test methods
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Fig. 9 Simulation results

demonstrate the difference between the On/Off states of a
VDC system. Nissan proposed a J-turn test for roll stability
control and a double lane change test for directional
stability control and obtained approval of both methods
(Fig. 7).

The parallel use of simulation results is also permitted
for homologation purposes. Nissan developed a simulation
method complying with R13 and obtained approval for
its use as a simulation tool. This method improved
homologation efficiency for the NT500, which has more
than 30 model variations. Figure 8 shows an outline of the
software in the loop simulator (SILS), and Fig. 9 presents
an example of the simulation results.

5.2 Dealing with differences in characteristics
between empty and loaded conditions

Understeer, oversteer and roll characteristics of a
truck vary according to the load it is carrying. In roll
stability control, the vehicle weight is estimated by
comparing the vehicle acceleration calculated from the
engine output with the actual vehicle acceleration, and the
resultant value is reflected in the control operation. The
adoption of this procedure markedly improved roll stability
control (Fig. 10).

6. Development of refrigerator/freezer truck with a
lithium-ion battery

As a final example of cab-over truck technologies, this
section describes a refrigerator truck embodying Nissan’s
technologies. In the logistics industry, the requirements
for improved temperature control, environmental
friendliness and reduction of logistics costs are becoming
more severe every year. As a result, customers’ requests
regarding refrigerator trucks have been changing. The
industry's first refrigerator/freezer truck with a lithium-ion
battery pack (Fig. 11) was developed in response to those
requests by applying Nissan's electric vehicle (EV) battery
technologies.

6.1 Product features
Traditionally, the compressor of a refrigerator truck
has been driven by the engine, so the refrigerating

B R R e R e R R R R

Vehicle speed
0 km/h
VDC system Off On On
Vehicle weight estimated control — Without  With

®-10 AU T 7y THFEE
Fig. 10 Speed when tire lifts up
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capacity has varied depending on the operating state
(engine speed) of the vehicle, making it difficult to obtain
stable temperature control. By combining a battery-driven
compressor and inverter, the compressor speed was
optimized, enabling the provision of stable refrigerating
capacity (Fig. 12) and improvement of cool-down
performance in terms of the time needed to reach the set
temperature. This has made it possible to ensure stable
temperature control (Fig. 13).

6.2 Environmental friendliness and running cost

The adoption of a battery-driven compressor reduces
the engine load when the refrigerator is running. It also
reduces CO: emissions and noise because the engine can
be turned off while the vehicle is parked. That also leads to
improved fuel economy, thereby reducing the running cost
of the vehicle.

6.3 Layout of main components

The lithium-ion battery pack is located in the truck
bed. The principal parts of the battery pack were diverted
from Nissan's EVs, which was effective both for reducing
cost and assuring reliability.

7. Conclusion

The Cabstar/Atlas and the NT500 were developed as a
new generation of smart cab-over trucks that offer
customers new value and contribute to shifting their
businesses in new directions. We intend to continue to
develop new products from the customer’s perspective.

COCOCOOPOCOOOOPOOOOPOGOOCOCOCOOCOCOO
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Fig. 13 Comparison of cool-down performance
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Fig. 14 Layout of main components
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Introducing the Light Commercial Vehicles Developed by Nissan Shatai
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Summary Nissan Shatai has a long history of developing and producing light commercial vehicles
(LCVs). We have much technical experience in body-on-frame vehicles such as the Datsun Truck, Safari
(Patrol), Civilian, and conventional commercial vans including the AD, NV200, and the NV350 cab-over
van, among others. All of these vehicles have had a long model life and have been deployed as global
models that are widely recognized and accepted by customers worldwide, not only for business use, but
also for multipurpose personal use and as base models for conversion. This article focuses on NV200
and its taxi derivatives as well as the NV350, describing their distinctive features and development aims

as LCVs along with their new technologies.

Key words : Automotive General, light commercial vehicle, van, taxi, emergency braking
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Fig. 1 NV200 deployment in major markets

1. Overview of NV200 small commercial van

The NV200 was developed as Nissan’s newest
generation of small vans for multipurpose business use. In
Japan, the NV200 is the new generation of the former
Vanette following the execution of a full model change. In
Europe, it is a strategic model as Nissan’s first offering in
the car-derived van (CDV) market. In China and the U.S,, it
represents Nissan’s offering in a new market segment.
Subsequently, taxi models of the NV200 were developed
and released in New York City in the U.S. and in Japan
(Fig. 1).

1.1 Development background
The NV200 shown in Fig. 2 was launched in Japan and

B o e e - o

ﬂ.

4 !

-2 NV200
Fig.2 NV200

*Nissan # = #5583, Nissan Product Development Department No. 3
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Fig.3 NV200 NYC taxi

Europe in 2009 and also in North America in 2012. For taxi
use, the UD taxi was launched in Japan in 2010, the New
York City (NYC) taxi (Fig. 3) in North America in 2013,
and the NV200 taxi (Fig. 4) in Japan in 2015. In addition,
the e-NV200 (Fig. 5) was launched in Europe and Japan in
2014, with the aim of making it and the Nissan LEAF the
company’s two peerless EVs.

1.2 Development of NYC taxi for North America

Based on the NV200 model for North America, the
NYC taxi was developed so as to embody the specifications
desired by the New York City Taxi and Limousine
Commission (TLC). Specifically, the following development
targets were set to satisfy the requirements needed for taxi
use, while making the most of the NV200’s spacious cabin
that is overwhelmingly larger than that of sedan-based
taxis.

(1) To achieve higher efficiency regarding the cost of
maintaining and managing the vehicle, especially to
attain higher fuel economy and greater durability

(2) To ensure driver comfort with little feeling of fatigue
even during long hours of driving

(3) To provide a comfortable cabin with a feeling of
openness

(4) To allow easy ingress/egress for passengers and to
have sufficient luggage space for carrying all types of
luggage

In setting the target performance to satisfy these
requirements, street surfaces were researched by driving
test vehicles on New York City streets along with
investigating rival vehicle models and market conditions.
In addition, the extensive experience gained over many
years in developing Cedric taxis in Japan was used to full
advantage (Fig. 6).

One example is cited here concerning the development
of the air-conditioning system. In researching the target
performance, the actual environment and conditions for
the usage of taxis in New York City were investigated.
Based on the results, test conditions were determined
that envisioned the actual operating patterns of taxis,
including the time needed for passengers to enter/exit
and the frequency, the distances traveled, the number of
passengers and other factors.

I g e e e e e g

-4 NV200¥5>—
Fig.4 NV200 taxi

X-5 e-NV200
Fig.5 e-NV200
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Fig. 7 Useful features for NYC taxi passengers
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The target performance defined for the air-
conditioning system was to achieve the cabin temperature
set by passengers within a certain specified period of time
under those test conditions.

1.3 Introduction of principal dedicated equipment
features of the NYC taxi
(1) Partition
A partition is installed behind the front seats to
separate the space between the driver and passengers.
Forward visibility is secured by using a clear polycarbonate
sheet for the upper part of the partition. The following
equipment features are provided for the enhanced
convenience of passengers (Fig. 7).
* Space for installing a monitor for viewing maps,
advertisements, videos, etc.
* A fare tray for paying the fare
 Footwell lights to illuminate the floor area when entering/
exiting and to assist passengers in confirming their
belongings
* A 12-V electric socket for charging a cellphone or other
device and a USB port
(2) Dedicated rear seat
A wide, spacious rear seat is provided in which two
large passengers can sit in relaxed comfort (Fig. 8). In
addition, the seat pad characteristics (high resistance force
and high density) and the cushion shape are designed to
match the suspension characteristics of the vehicle and the
frame support structure has been optimized. These and
other features of the rear seat are highly effective in
mitigating fatigue. The seat covering is made of polyvinyl
chloride leather that has the look and feel of genuine
leather and easily wipes clean if it becomes soiled.

1.4 Development of NV200 taxi for Japan

Based on the dedicated equipment features adopted
for the NYC taxi, the NV200 taxi for Japan was developed
to suit the needs of the Japanese market.

g e e = e g
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Fig.8 Comfortable rear passenger seat in NYC taxi



HEEFORFEEmDIETT

MR, 7 L — A FEE OB b &2 XD
TR OB N — NEEBR L7z, ¥ — POREITILH
NEHAETHHERPLL T VL), Ak = 1
F—2RA L7,

1.4 NV200% 20— (BAE) DR

HARMBITNV200% 7 ¥ —I121Z, NYCY 7 —THRH L
TeHE M RIS, HATH O = — X abEzMiE%
f1o72
1 EHY)YY—F

NYC¥ 7 =DV XY — bOEZRZRTY A, IR
Ny FMaETRT LI ET, I v a yHRE. HAR—
MEBEDOI LA X720 b THARY Y a VDR
HLDATV, BT VR LD S RWRIEORE D O E E
L7z B, = MRFEEINYCH 7 — LA LD DR
L7z (149)
(2) 1AM Tk - % i

ER LIS & LT RO RIERM LA X o7z fit
kDX s HTIIEEST LT A FUVE e £72 CBE
Wbl RECELRE (P95) O {TERL R,
D7D, FEEERWY O R0 7B E o T HARYEE
TR AL Z ETEEL Ao 70

L2l NV200% 7 ¥ —Tld, X—ZAHEHWTH 5%
NV200DF)Ex A2 L, £ 81 v 7 & AT 21lmm B
HOBMBATA KT 75y Mo RE % EHT LT &
T BLLEBTOFRRDPIREL o7z SHIZ, F—MA
FANRFT7, A= MAT v TOEEL. THLEBETD
FH LR TWRRICEE L 720 $72, BE T —H~OKE T
ALY T (K10) OBEIZLD ., FEEOFHR— Mg
HE& Rz T\ b,
(3) LPG (Liquefied Petroleum Gas) /34 7 2 —T )V I A

T A

=8I E o T R R b HELEEO—D
Thhb, TZTNV2004 7 —TlE, LPGE VY D

COOOOOOVOOVOVVOOVOVOVOVOVOVOVOVOOOVOOOOOOOOOOOOS

®-9 NYC 90 Y—DERZWD ANIERE
(NV200 50> —)
Fig. 9 NV200 rear seat concept the same as that of NYC taxi

(1) Dedicated rear seat

While incorporating the elements of the rear seat in
the NYC taxi, the cushion performance and support
performance were mainly improved by innovating the
cushion shape and the pad material. In addition, the
suspension properties were optimized to achieve the same
level of rear-seat ride comfort as a sedan model. The same
seat covering material as that of the NYC taxi was also
adopted (Fig. 9).

(2) Features for improving rear-seat ingress/egress ease

Ingress/egress ease was substantially improved to
accommodate the needs of elderly passengers. When
entering/exiting conventional sedan models, it is
necessary to bend forward considerably from the waist in
order to step over the sill. That makes it difficult for the
elderly and people carrying packages to enter the vehicle
in a comfortable posture.

However, the NV200 taxi takes advantage of the base
NV200 van to achieve a flat floor and sliding doors with a
high opening that is 211 mm larger than that of the Cedric.
These features enable easy ingress in a comfortable
posture. In addition, auto sliding doors and auto-retracting
side steps are also available in consideration of easy entry
for children and the elderly. A large assist grip is also
provided on each B-pillar that functions to support easy
entry/exit (Fig. 10).

(3) LPG/gasoline bi-fuel system

Economy is one of the most important indexes for taxi
companies. For that reason, an NV200 taxi model is available
with a liquefied petroleum gas (LPG) specification made
possible by a bi-fuel system that accommodates both LPG
and gasoline. The system automatically switches between
the gasoline operating mode and the LPG operating mode
according to the driving situation. The vehicle provides
the same driving comfort as a gasoline vehicle, and the
operating modes can also be switched manually (Fig. 11).
This bi-fuel system achieves real-world fuel economy
equal to that of the Cedric, and it markedly extends the
driving range. This capability enables taxi service to be
provided without any worries even in areas having few

e '

B 0 &
+211mm
Gz RU v 7))

Opening height
increased by 211 mm
over the Cedric

M-10 A—hRFYTERBTPIXNTUwT
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Fig. 10 Auto-retracting side step and large assist grip
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When the LPG tank is
empty, the system

The fuel mode can be
switched between LPG
and gasoline manually.

The vehicle is always
started in the gasoline
operating mode and automatically switches
automatically switches to the gasoline operating
to the LPG operating mode.

mode once certain

conditions are satisfied.

K-11 AV UVEERE LPG EEDYIbBEDDOE—R
Fig. 11 Changing between gasoline and LPG
operating modes

X-12 NV350F+3S/\V
Fig. 12 NV350 Caravan exterior
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LPG stations and during long-distance driving.

A gas-phase injection system is used for injecting LPG
fuel, which reduces vehicle maintenance costs and also
contributes to reducing the cost of the fuel tank inspection
that is required for taxi use. Autech Japan handles the
registration of LPG bi-fuel specification vehicles, which
must be taken to a regional transport bureau in Japan for
inspection and registration.

2. NV350 Caravan

2.1 Development aims

The new-generation NV350 Caravan was developed as
a full-fledged commercial van that provides an environment
in which business owners and commercial van users can
devote themselves to their work to their heart’s content.
In addition to enhancing its essential performance as a
commercial vehicle, another aim was to enable a wide
range of multipurpose uses, including for leisure, personal
interests and other activities. The following four appealing
qualities were defined for the new vehicle.
(1) Class-leading fuel economy
(2) A design with a bold presence (Fig. 12)
(3) A large, convenient-to-use cargo area (Fig. 13)
(4) Provision of cutting-edge technologies not found on

existing commercial vehicles

Figure 14 lists the combinations of vehicle width,
overall length, height, floor height and powertrain
specifications available to meet the needs of customers
in different regions and businesses as an LCV. Moreover,
including the sliding door types (single or dual), seat
variations, steering wheel positions (either right- or left-
hand drive), and harsh environment specifications, the
NV350 Caravan lineup offers 80 different model variations
globally (Figs. 14 and 15) to meet customer requirements
in more than 100 countries around the world. It can also be
used for diverse purposes by individuals and fleet owners
as the base vehicle for creating customized vehicles.

2.2 Pursuit of a cargo area featuring high utility

The ways in which customers use commercial vehicles
and multipurpose vehicles were thoroughly researched in
developing the NV350 Caravan. Based on the results, it
was decided to pursue a spacious cargo area featuring
high utility and also to provide a 50/50 split folding rear
bench seat for carrying long items while seating one
passenger, and luggage utility nuts so that customers can
easily customize the cargo area to fit their own needs
(Fig. 16).

The basic concept applied to the cargo area was to
flatten the top surface of the wheelhouses and to make the
side shapes of the cargo area as flat as possible. As a result,
the cargo area not only has ample load capacity, it is easy
to customize for specific uses. These features are highly
popular with customers.

Many different types of aftermarket parts have
become available in recent years for utilizing the cargo
area more effectively, and customer awareness of such
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Fig. 13 NV350 Caravan interior
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Van |Standard width, High Low - (@) (©] - (@)
Super long g Flat _ _ o o _ _
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Wide, . B B L
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Long
Wagon
Standard width, . _ _ _ _ _
Super long High Low. o

X-14 BE/NUI—3av
Fig. 14 Vehicle variations

items has been rising.

2.3 Cutting-edge features as a commercial vehicle

Push-button engine start, an intelligent keyless entry
system and a foot-operated parking brake are among
the equipment features that have become commonplace
on passenger cars in recent years. These cutting-edge
equipment features have been adopted on the NV350 Caravan
ahead of their use on rival models in order to provide the
enhanced convenience and utility they bring (Fig. 17). It
was reasoned that these features should definitely be
available to LCV customers who are often entering/exiting
their vehicles and starting/stopping the engine.

The top-of-the-line Premium GX grade is also available
with Nissan’s Fine Vision instrumentation (Fig. 18). The
instrument panel includes a 3.5-inch color display that
presents useful information for improving fuel economy. In
addition to showing vehicle information in an easy-to-read
format, it can also be combined with a Rearview Monitor.
In that case, the display provides a clearer field of view of
things behind the vehicle than a rear under view mirror.

e e o

Grade Premium GX/GX DX

Long body,
Standard roof

Super long body,
High roof

Super long body,
High roof

Wide body| Standard width

®-15 JL—RK
Fig. 15 Grades

®-16 S5'vIaA—FT 1 UT«F v NETIFIE (FEER)
Fig. 16 Locations of luggage utility nuts (yellow parts)
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Fig. 17 Advanced features: Push-button engine start,
intelligent key fob and foot-operated parking brake
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Fig. 18 Fine Vision instrumentation and
vehicle information display
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2.4 Provision of an emergency braking system

At the time a minor model change was executed in
2015, an emergency braking system was adopted for the
first time in this vehicle class (No. 4 small van) as
advanced safety equipment on the 2WD, low floor,
AT-equipped models.

The cargo area load conditions of cab-over vans vary
greatly from one customer to another, so it is necessary to
be able to respond appropriately to wide-ranging changes
in vehicle attitude.

This system has a millimeter-wave radar installed
in the front bumper. The system generates braking force
in accordance with the load condition, thus providing
the capability to avoid a collision at vehicle speeds of
approximately 30 km/h and to mitigate collision damage
at higher vehicle speeds (Fig. 19).

3. Conclusion

When envisioning LCV customers, it is necessary to
consider their requirements from many different
perspectives. These naturally include the desires of
individual users, the people responsible for buying,
managing and operating the vehicles at companies in the
case of fleet customers, as well as the drivers and workers
who actually use the vehicles in carrying out their work,
and also passengers in the case of taxis and buses.
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Brakes are
held for 2 sec.
after stopping

1-2 sec. before collision 1 sec. before collision

Rate of deceleration :

Emergency
Gradual bral - brakin,

Ny =y wnd o |
- - Preceding vehicle
@5&] ot
FCW: Forward collision warning

Distance

ek

34# Instrument panel indicator
< Warning buzzer
[#i 75 HE R A3 1k ]
B B 2380km/hEU R CZ O F F OB TS L EZES 2 AIREMD & 2 5
B A—BAVT—ERBEERT T —RED, BT L—F 20T 5,
TEERE OEEHRENR 2 | ZOEFRLEBROBRPHDIHE. A—F AP
T—HRREERT =080 . BETY L —XMEET 5,
When a preceding vehicle is stopped
When there is a possibility of a collision with a proceeding vehicle if
the host vehicle continues to approach it at the present speed of less
than 80 km/h, the system flashes an instrument panel indicator,
sounds a warning buzzer and applies gradual braking. When there is
a risk of a collision if the driver does not take any evasive action, the
system flashes the instrument panel indicator, sounds the warning
buzzer and applies emergency braking automatically.

[Hii 5 B A3 5 8]
ZOFEFEDOHETESL LTS OBBIER & LT 5 R’ H o5 E, A —
AV — SRR EBERT =B BT L —FEnT 5,
JEERE OEBHRMENR 72 | ZOFEEREEHEOFERN b D5EE. A—2A Y
=2 RREERT =Y HBTT L —X3MEB 5,
When a preceding vehicle is moving
When there is a possibility of a collision with a preceding moving
vehicle if the host vehicle continues to approach it at the present speed,
the system flashes the instrument panel indicator, sounds the warning
buzzer and applies gradual braking. When there is a risk of a collision
if the driver does not take evasive action, the system flashes the
instrument panel indicator, sounds the warning buzzer and applies
emergency braking automatically.

M-19 IN—I1Vy—TU—FEEINF—
Fig. 19 Basic operating patterns of
emergency braking system
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In developing the NV200 NYC taxi, driving tests were
conducted over a total of 200,000 km on public roads/
streets in Manhattan to evaluate prototype vehicles and to
confirm the market requirements specific to the NYC taxi.
The resulting information was thoroughly incorporated in
the project to develop a vehicle specifically for taxi use,
which has strongly impressed large numbers of taxi drivers
and passengers. The resulting knowhow and technologies
were then embodied in the NV200 taxi developed for the
Japanese market. It is intended to continue to refine the
product further so as to provide a taxi that will be favored
by everyone for many years to come.

In addition to accurately incorporating the basic
requirements of LCVs into the product, the adoption of
advanced technologies, like the emergency braking system
adopted on the NV350 this time, will presumably be
effective in reducing the workload of users, which is
naturally expected of LCVs. That will include advanced
safety technologies as well as external communications
technologies for remote monitoring of the status of the
vehicle and driver. Such new technological trends and the
business needs of LCV customers will be thoroughly
researched in order to constantly meet the needs of a wide
range of customers.
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Product Outline of All-new the Nissan TITAN and TITAN XD
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Summary

In order for Nissan to be seen as a full line manufacturer and Light Commercial Vehicle

Company in the North America a full-size truck is required. For the 2" generation TITAN, Nissan
needed to improve on the 1% generation truck but also focus on the key attributes that a traditional truck
buyer is looking for. The program team focused on the following items to be successful: 1) High
standard for quality, 2) Make tough and rugged styling, 3) Expanding the line up to include work truck
configurations, 4) Strong powertrain offering. In addition to these key areas the 2" generation TITAN
needs to have an overall “Goodness”. We define “Goodness” as being competitive in all areas with no
strong negatives. This was the concept and task that the TITAN Team took on.

Key words : Automotive General, truck, engine performance, TITAN
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1. Introduction

Why build a full-size pickup truck for Nissan??? This
is the question I am asked most as Chief Product Specialist
for the Nissan TITAN. After the first generation TITAN had
limited success, why make another generation? The
reasons were very clear:

e Full-Size Pickup (FSPU) segment is the 4% largest in the
USA, with an annual segment volume of 2.2 Million units.
To put this into perspective, it would equal about 44% of
the Japan total industry volume.

e The FSPU segment is one of the most profitable in the
USA market, with a MSRP (Manufacturer's Suggested
Retail Price) range of $26,000~$80,000 USD.

* The average transaction price of an FSPU has risen
41% over the past decade while the average luxury car
transaction price has only risen by 18% over that same
period.

* The FSPU is the most important product to build success
for the Light Commercial Sales Division.

* Competitors with successful products in the FSPU
segment build credibility and Overall all Opinion (OaO)

*Nissan North America ** % fi0% - 421355 Product Strategy and Product Planning Department
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for the other products in their portfolio.

Given all of these opportunities for Nissan North
America it was clear that a second generation TITAN was
necessary for continued growth in the market. Developing
a truck is very difficult as the truck market is so diverse.
We like to explain that the truck is conceptually a 3
dimensional vehicle. Most vehicles sold in the USA are
typically 1 dimensional in their usages; basic transportation
for commuting. Some specific vehicles, like sports cars, may
be 2 dimensional usage as they can be used for recreation
(track racing). A truck must be developed to be used for 3
dimensional usage:

(1) Basic transportation/commuter vehicle

(2) Recreational — Off-road driving, hauling camper trailer
or boat, motorcycles

(3) Work - The truck is also used for commercial usage for
all types of businesses.

For Nissan to be successful we needed to develop and
configure a truck that will satisfy all 3 of these basic needs,
even when some of these needs conflict with each other.
This was the challenge for the Nissan Engineers!!!

2. Target Customer

As with all Nissan projects the decision for the target
customer is paramount, to setting the direction of the
concept. For the TITAN the target customer was set as:

e Name: Mike

e Life Stage: 38 years old with a wife and 2 kids. He known
as a family man not a company man.

* Occupation: Self-employed as a home electronics
installer.

* General: Has always owned a truck since he learned to
drive. On the weekends he does adventures with his
family (fishing, camping, and soccer games). To his
friends he is known as the dependable guy. If you ask for
help, he is always there to volunteer and support.

3. Product Concept

There are four key areas that must be accomplished
for the product to be successful. These areas are also
supported by the key attractors on the TITAN.

3.1 120% DQR (Durability/Quality/Reliability)

120% DQR (Durability/Quality/Reliability) is the
primary performance for the TITAN and TITAN XD.
During the initial kick-off for engineering on this project
the CPS (Chief Product Specialist) presented this concept
that quality is the most important performance and should
be met before any other requirement (cost, mass, etc.).
Many truck customers live far from a city in very rural
areas of the USA. Customers can live 50 miles or more
from the nearest service for their vehicles, so they require
their truck to be reliable. Quality is a top reason for
purchase for the truck segment due to this. The 120%
was used to signify to the planners, engineers, and
manufactures that we must exceed performance.

Many Nissan engineering standards and durability

H ZE ¥ ¥R’ No79 (2016-10) 58



Product Outline of All-new the Nissan TITAN and TITAN XD

FSw b Ay NEEABREO by FIWENEITS NS
HEHTH L, "120%DQR™ &, i, FATFIE. #iEko
PR L CEERE L LTRSS Lz,

D “120%DQR" DFE L ANVHERRD 72D 1A
ey AR HEDS FIRE S BEAZME L CWaE B
BRI, A7 NN E R A TWAZ L vy
IZT7 =T 50, Thh, €O, Bz HITHER
TL—F (K1ZBH), 7L — 21203 14 AKRE L5
ERHLZ SN0y R—22 MEBEMIZNT v 7
OIS LN TFRT L2 EHBTED, M T, HE
F AL AL BB E (PQ) B L7z, Fh, ru—
L BEFMUH, =T 1 YT OF v v TOUE, T
DtHVRE, TNLPHEOFHVEMEME Z L2 T
5o

32 TEXTHXRETYAV

M A 5 LR P OEHIN e Ay A1) 7T
R EINTz, BEOBEMREBTL, by s 20 b
THEER T L 720 #830 144E 1205 o TBEH O AI1THEL
Lielr, [Tkl vy 7 OFMBUIIH S M ERS
L72e EQEIGBEMTHSTHAYA) V713 L EE
GEEAHETHY ., AF A 7O HEOERIIRELS
NERETH D, ELTLRRIAY A 7 (R22R)
BEMOME L NBE b L2 5. B A5 VD
E v =& “TITAN Tough” TH 5, 1L, #1445~
PETOEBTHEL DY T THAEREZ EEHRLT
Wk,

COOCOCOOPOCOCOOPOCOOPOCOOOOFOCOOCOCOO

®-1 JL—=*
Fig.1 Brake

X-2 MBS A5 DNE
Fig.2 Exterior design of TITAN

59  NISSAN TECHNICAL REVIEW No.79 (2016-10)

standards were re-studied for this program to guarantee
quality level was achieved. The difficulty is how does the
TITAN indicate to the customer that it has exceptional
quality at the point of purchase? To achieve this we applied
some larger components (i.e. axle, brakes (Fig. 1), and
frame). These components are visual cues to customers of
a truck’s strength. Another area that the TITAN needed to
exceed in was in Perceived Quality (PQ). The type of
material, use of chrome/metal finishes, parting gaps
tightened, and color of parts all supported the top level PQ
target.

3.2 Tough and Rugged Design

The 1% generation TITAN came to market with a very
futuristic and avant-garde type of styling. This was a huge
departure from the segment and was appealing to the
customers at the time. Over the last 14 years, the customer
preference has evolved and is clearly to have a “Tough and
Rugged” truck appearance. As styling is one of the top
purchase reasons for any vehicle, it is paramount that the
styling target be achieved, as no one wants to drive in an
unattractive truck (Fig. 2). The “Tough and Rugged” styling
will also support the quality and strength perception of the
product. The motto for the TITAN development was
“TITAN Tough”. This meant that the TITAN is to be strong
and tough in all areas.

3.3 Expanded Offering

The 1% generation TITAN covered only about 55% of
the configurations of the FSPU segment. It included only
one powertrain, two cab configurations (king and crew),
and two drivetrains 2WD/4WD). To be successful in the
FSPU segment the TITAN will need to cover the expanded
needs of the commercial/work customer. This means adding
a single cab, and also increased capability chassis. To find
additional attractiveness on top of such existing value
competitors have, during the focus groups at pre-concept
stage we heard from some Heavy Duty (HD) commercial
customers that they were unsatisfied with their current
trucks. Their main concerns were with the high cost of
purchasing a diesel engine, harsh ride comfort, and poor
maneuverability/handling. We also heard from some Light
Duty (LD) customers that they wanted a real diesel engine
option. They were looking for a diesel option for increased
towing capacity and improved towing performance/feel.
‘We later researched that there are nearly 150,000 customers
each year that move back and forth from the LD segment
and HD segment. These are customers looking for the
right sized truck for their needs. This information is where
the concept for the TITAN XD originated. This is to be a
truck that can tow/haul better than a LD truck, but without
the harshness and poor handling of a HD truck. With the
addition of these new configurations the 2" generation
TITAN will cover close to 85% of the FSPU segment.
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3.4 Powertrain

The heart and soul of any truck is the engine and
powertrain. For truck customers the engine displacement,
horsepower, and torque are bragging points to their friends
but also another indicator of the strength and toughness
of the truck. As the truck will be used for towing and
hauling the powertrain is also a significant indicator of the
capability in these areas. For the TITAN we focused on the
need for a two engine line-up.

¢ 5.6L V8 Gasoline Engine (Fig. 3): The V8 is still the top
selling configuration in the FSPU segment. The V8 will
be the TITAN’s premium engine and the popular engine
also. The target for the V8 engine was to be best-in-class
against competitor’s popular V8 gasoline engines.

* 5.0L V8 Diesel Engine (Fig. 4): The diesel engine was
required to achieve towing targets for the project. A
diesel truck engine is known to have superiority in
tenacity or the ability to re-accelerate in gear without the
requirement of a downshift of the transmission. This is
very helpful and appealing to the towing customer. The
diesel also has the ability to tow heavy loads without the
fuel economy drop that a typical gasoline engine would
have. So the customer that is going to tow frequently will
see improved fuel economy from the diesel versus a
comparably sized gasoline engine.

1) Diesel Engine Technologies
Based on the concept of the new TITAN XD, the
customer will demand a powertrain that has maximum

D 0 i e e e e o

®-3 56LVBAVUYIVIY
Fig.3 5.6L V8 gasoline engine

®-4 50LV8F+s—EILIVIY
Fig.4 5.0L V8 diesel engine
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capability while being strong and efficient.

Considering this would be the first time for Nissan to
with a strong reputation for durability, quality, and
reliability. The Cummins 5.0L V8 turbo diesel engine put a
diesel in a full-size pickup in the USA market, the team
knew we must source an engine from a supplier makes
310hp and an impressive 555 ft-Ibs of torque along with
carrying strong reputation for diesel technology and
innovation. Diesel engines are known for their low-end
torque which is seen in TITAN XD’s max torque rating at
1,600 rpm. This low-end torque is extremely important to
the customer as the typical diesel customer will be towing
heavy loads and need to get moving quickly from a stop.
The typical diesel customer is also expecting “diesel
goodness” which is best explained as having superior
tenacity or the ability to re-accelerate in gear without the
requirement of a downshift of the transmission. Cummins
is able to demonstrate “diesel goodness” by incorporating
the Holset M2 sequential two stage turbo system, which
allows the turbo to build boost quickly and sustain it
throughout the RPM band. We knew customers would be
putting the TITAN XD through the toughest jobs they
could find which would require transmission that would be
up to the toughest customer jobs. The program chose the
Aisin 6-speed transmission due to its strength, reliability,
and capability. The TITAN XD chassis combined with this
powertrain package results in a tow rating of over 12,600
Ibs!

2) Gasoline Engine Technologies

Since V8 gasoline engines represent the majority of
FSPU sales, the TITAN must employ a powertrain that meets
or exceeds the competition in both power and efficiency.

To be efficient from an investment perspective, it was
clear that TITAN and TITAN XD would share this
powerplant. Therefore, it must meet the power, durability,
and efficiency needed for both trucks. Due to the high
initial costs of diesel engines, the TITAN gasoline offering
has many distinct customer benefits including payload
capacity, drivability, and value. The key target for the
gasoline engine was to have best level acceleration without
compromise to fuel economy. This means both are same
priority. Given that the previous generation TITAN was
well known for best-in-class horsepower at the time of
launch, this next generation V8 would have to fulfill a
similar promise of superior power. One of the most
impactful new technologies incorporated into the TITAN’s
all-aluminum V8 gasoline engine is Variable Valve Event
and Lift (VVEL). During the time of our planning, this
technology had proven itself to be reliable, while offering
great performance gains. The second piece of technology
added to the engine was direct injection. Direct injection
allows the engine to have an increased compression ratio
resulting in more performance and more efficiency. The
final piece of technology to mention is the addition of the
Multi-Control Valve (MCV). The MCYV allows the engine
to warm up as fast as possible in order for the 5.6L V8 to
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Frontier TITAN |TITAN XD| "3/4 ton"

Base curb weight (kg) 1,922 2,504 3,044 3,478
Max. GVWR (kg) 2,638 3,311 3,991 4,536
Max. payload (kg) 667 730 943 1,542
Overall length (mm) 5,220 5,794 6,187 6,274
Width (mm) 1,850 2,049 2,049 2,029
Height (mm) 1,780 1,960 2,001 2,026
Horsepower (HP) 261 390 310 440

Torque (Nm) 381 543 752 1,193

-5 EREE

Fig. 5 Comparison of specifications

produce maximum performance once it has reached operating
temperature. While engine technology is important, we
could not forget about the transmission. For TITAN,
JATCO developed a version of the 7-speed transmission
already utilized in the Patrol SUV. This new 7-speed
transmission offers efficiency, smooth acceleration, and
performance due to a higher number of total gears with
shorter spacing between each gear. The final drive ratio
was changed from 3.3 in the last generation TITAN to a
2.9 in order to maximize fuel efficiency while the added
horsepower allows us to retain acceleration performance.
All of these new technologies provide the customer with a
package that produces 390hp and 401 ft-Ibs of torque. With
an impressive powertrain developed for TITAN and TITAN
XD gasoline, the customer is able to use his truck to its
maximum capability.

4. Key Attractors

4.1 Capability/Chassis

Before outlining the feature/chassis differences
between TITAN and TITAN XD, it’s very important to
outline the terminology and mindset of US truck customers
who will judge these trucks. TITAN is considered a “half
ton” in slang terminology. The Environmental Protection
Agency’s (EPA) classification which is based on Gross
Vehicle Weight Rating (GVWR). GVWR is the total amount
of weight that a truck can carry including the mass of the
truck itself, fluids, occupants, and all cargo. The EPA
groups most passenger vehicles into the following classes:

¢ Class 1 (1,000 - 6,000 Ibs GVWR)
* Class 2 (6,001 — 10,000 Ibs GVWR)
* Class 3 (10,001 — 14,000 Ibs GVWR)

Most of Nissan’s passenger cars/crossover utility
vehicles (CUVs) are Class 1 vehicles, such as Altima, Rogue,
Qashqai, and Micra. Class 2 is further divided into Class
2a (6,000 — 8,500 Ibs) and Class 2b (8,501 — 10,000 1bs).
This is where most consumers will differentiate between
a “half ton” as Class 2a and a “three quarter ton” as Class
2b. “One ton” trucks are considered as Class 3 which is
immensely larger than the GVWR of Frontier/Navara at
5,800 Ibs GVWR. To clarify the size differences, Fig. 5
shows a breakdown between Frontier/Navara, TITAN,
TITAN XD, and a typical “3/4 ton” truck.

As outlined in the table above, TITAN is a large pickup
truck, but TITAN XD is even bigger and more powerful. As
trucks have grown in size and exceeded their outdated
payload terminology, the gap in capability, size, and
comfort between a “half ton” and “three quarter ton” truck
has also expanded. It has created the situation of a large
group of customers, up to 150,000 annually, looking for a
truck that is right-sized for their specific application in the
space between “1/2 ton” and “3/4 ton” trucks. The TITAN
development team has referred to this opportunity as the
“whitespace”, which is the key differentiator for the TITAN
XD. This “whitespace” customer is looking for higher
capacity and stronger components than is available on “half
ton” trucks, but without the full sacrifice of “three quarter
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Fig. 6 Trailer house and integrated gooseneck hitch
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ton” trucks (i.e. higher cost, lower comfort, and excess
size). The TITAN customer will primarily differ from the
TITAN XD in the size/scale of the items that they tow/
haul, but will not have much difference in their lifestyle,
hobbies, or activities using the trucks. For instance,
equestrian is a very popular sport for truck customers
because of the need to tow trailers, demand a truck bed for
hauling different types of equipment/supplies, and the
necessity for four-wheel drive in the remote locations they
typically live/work. The TITAN customer will have a horse
trailer than can carry two horses as well as equipment and
will weigh 6,000 to 8,000 lbs fully loaded (Fig. 6). By
contrast, the TITAN XD customer’s trailer will carry 3-4
horses, more equipment, utilize a weight distributing trailer
hitch called a “gooseneck” hitch, and will weigh 10,000 to
12,000 Ibs.

In order to comfortably and confidently manage these
size trailers, the TITAN XD had to have larger components.
Truck customers are concerned about power/acceleration
as one of the top purchase reasons, but even more important
when towing a trailer is the ability to control performance
in these areas, TITAN XD needed an all-new larger, stiffer
fully-boxed frame and massive 14 in. front/rear brakes.
The frame adds stability and allows the truck to control
the trailer to prevent trailer sway due to cross-winds or
improper loading. The new huge brake system is capable
of confidently bringing nearly 20,000 1bs of combined
weight to a sudden stop in an emergency braking situation.
Both combine to create a more comfortable, confident, and
capable towing experience than any other half ton truck
available.

4.2 Towing Aids
FSPU customers use their truck for many different

things — but one common trait keeps bringing customers
back to the FSPU segment and that is towing. TITAN and
TITAN XD both have a large list of technologies to make
towing easier. These include:

* Integrated gooseneck hitch (TITAN XD only)

e Trailer light check (TLC) function

e Integrated trailer brake controller (Fig. 7)

* Downhill speed control

* Trailer sway control

B e e S g

®-7 HEL—5TU—FHHRA v F
Fig. 7 Integrated trailer brake controller
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Innovation was at the forefront of development for
TITAN and TITAN XD. One of the most useful technologies
for TITAN is the TLC feature that was patented through
Nissan. Typically attaching a trailer to a truck requires
two people. The TLC feature mixed with the rear view
camera takes the second person out of hitching up a trailer.
Once the trailer is hooked up, it is imperative that running
lights are operational. By simply pushing a button on the
iKey fob or a selection from the Advanced Drive Assist
Display, the customer can test the trailer’s brake lights,
turn signals, and running lights all by himself.

Our engineering teams also improved the customer
confidence while towing heavy loads through the introduction
of technologies such as downhill speed control and trailer
sway control. Utilizing the “Tow/Haul Mode” button on the
end of the column shifter, downhill speed control activates
with light brake application and helps to maintain speed
while going down steep mountain roads. Similarly, trailer
sway control is built into the vehicle dynamic control
(VDC) and detects side to side movement by the trailer. In
order to combat this negative condition, the truck applies
brakes to either side of the vehicle to reduce and ultimately
eliminate trailer sway, which keeps the customer safe and
confident in an unsecure scene.

4.3 Driving Aides

With the large size of FSPUs, visibility can be a major
concern for truck customers and therefore the team clearly
understood the need to incorporate and develop technologies
to make TITAN easy to drive, park, and maneuver. These
technologies include:
e Around View Monitor (AVM) with Moving Object

Detection (MOD)
¢ Blind Spot Warning (BSW) with Rear Cross Traffic Alert
(RCTA)

e Back Up Camera with Trailer Guidelines
e Front and Rear Sonar

All of these technologies allow the customer to have a
more confident driving experience. Around View Monitor
connected to extending tow mirrors proved a challenge for
our engineers. Since the tow mirrors on TITAN are fully
extendable, in order to see around larger trailers, the
camera position moves and distorts the AVM image shown
on the radio. Nissan engineers were asked to develop a
mechanism within the mirror that keeps the camera in a
consistent place while extending the mirror. In addition to
the typical parking scene where AVM is beneficial, it also
proves useful while off-roading. Typically off-road trails are
narrow and visibility can be limited. With the multiple
cameras incorporated in AVM system including birds-eye
view, front camera, and front right tire, the truck driver is
able to see obstacles around the truck otherwise not
detected, without getting out of the truck or utilizing a
second person to act as a spotter. Another challenge our
engineers had to tackle was with BSW. Nissan’s existing
BSW system utilizes a radar based system, but it does not
function with a steel bumper (most cars use a plastic
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fascia). Due to the durability and customer requirements
for full-size trucks, all competitors utilize a steel rear
bumpers which radar does not penetrate. The engineer
team countermeasured this by developing a new bumper
structure using plastic covers over a steel frame structure.
This new design allowed for integration of a blindspot
warning system without compromising on the customer
need or the concept of 120% DQR.

5. Conclusion

The Nissan Truck development team was challenged
to create a 2" generation TITAN that would fulfill the
needs of the most demanding customer in the USA. They
did this by staying focused on the key needs and
requirements of the focus customer.

We appreciate the great contribution of all member of
“TITAN team” very much and continuously look after the
success of TITAN.
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Introduction of Patents
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The four patents described here relate to inventions that have been adopted especially on

LCVs. Among the patents registered to Nissan in recent years, these four patents have
contributed significantly to the company by achieving breakthroughs in important issues.
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1. Control device for diesel engines (Fig. 1)

Patent application date: July 31, 2003
Japanese patent application No. 2003-284233
Registration date: April 25, 2008
Japanese patent No. 4114571
Title: Control device for diesel engines
Inventor: Hiroyuki Aizawa
Powertrain Test Engineering Department
Takashi Shirakawa
Nissan Technical Centre Europe

1.1 Aim and benefit of invention

The deposit of particulate matter (PM) in a diesel
particulate filter (DPF) reduces the flow passage area,
causing the pressure upstream of the filter to rise, which
increases the quantity of residual gas in the cylinder. If a
constant exhaust gas recirculation (EGR) rate is being
maintained at that time according to the opening of the
EGR valve, the actual combustion state will shift to the rich
side, causing exhaust emission performance to deteriorate.

The present invention adjusts the EGR valve opening
so that the ratio of the flow passage area of the DPF to that
of the EGR valve remains constant. This suppresses an
increase in the residual gas in the combustion chamber
(cylinder) accompanying a pressure rise in the exhaust
pipe. As a result, it inhibits the deterioration of exhaust
emission performance accompanying a transition in the
combustion state to the rich side.

1.2 Structure of invention

The flow passage area of the DPF is proportional to
the quantity of PM deposit in the filter, and the flow
passage area of the EGR valve is calculated based on the
flow velocity of the EGR gas flowing through the valve.
Compensation control is performed to reduce the EGR valve
opening as the amount of PM deposit in the DPF increases.
In this way, a constant ratio is maintained between the DPF
flow passage area and that of the EGR valve.

1.3 Case in use

The invention has been adopted on the NV350
Caravan, Navara, Frontier and other Nissan models.
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1.4 Thoughts of the inventor

At present, diesel engines have established a general
impression of being clean and environmentally friendly,
like eco-friendly cars.

However, in retrospect, at the time this control device
was invented, diesel engines had a negative image in Japan
as not being very friendly to the environment because of
their black, smelly exhaust gas. At that time, full-fledged
research and development efforts were under way to
reduce exhaust emissions in order to comply with the
increasingly stricter regulations that were being adopted.
Exhaust aftertreatment systems such as the DPF were being
developed and work was proceeding on the development
of various types of electronically controlled sensors,
actuators and fuel injection equipment.

The invention relates to control of the EGR valve
opening, which is a key factor in reducing nitrogen oxides
(NOx) in exhaust gas emissions. On DPF-equipped cars, it
functions to adjust the EGR rate according to the state of
PM deposit in the filter. I recall it was extremely difficult to
validate the effect of this invention because of problems
involving the use of an actual test vehicle. At the time
exhaust gas samples were taken, the pressure in the
exhaust pipe varied according to the actual amount of PM
accumulated in the filter, and PM deposit further as the
driving test continued. It was difficult to maintain the test
conditions especially under high load operation and also to
reproduce the same conditions accurately. Accordingly, it
required much trial and error, including removing the DPF
and instead attaching to the exhaust pipe junction an
orifice that reduced the exhaust gas passage. In this
process, the pressure related to the state of PM buildup in
the DPF was successfully simulated. I remember that we
validated the effect of the invention by conducting
repeated tests in which several types of orifices were
substituted.

During the development of the hardware system and
control software for reducing the exhaust emissions of
diesel engines, the creation of the invention was supported
through the cooperation of many people involved in
developing the testing equipment and conducting repeated
tests needed for validating the device. I understand this
invention is still being used on many vehicles at present. I
would like to take advantage of the opportunity afforded by
writing this article to thank everyone who was involved in
the development of the technology incorporated in the
invention.

2. Structure for vehicle passenger compartment
(Figs. 2 & 3)

Patent application date: May 16, 2006

Japanese patent application No. 2006-136288
Registration date: April 22, 2011

Japanese patent No. 4728167
Title: Structure for vehicle passenger compartment
Inventor: Masuo Yoshida
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Fig.2 Sketch of installed whiteboard

Nissan Techno Co., Ltd.

2.1 Aim and benefit of invention

The previous memo holder was constructed such that
memo paper was placed on a table pulled out from the
storage compartment in the center console. Accordingly,
the action of preparing to jot down a memo was troublesome
because nothing could be written down until the table
was pulled out from the storage compartment and paper
was placed on it.

The present invention relates to a whiteboard
attached inside the cover of the storage compartment in
the center console, making it easy to jot down a memo
without preparing any memo paper.

2.2 Structure of invention

A whiteboard is attached to the cover of the storage
compartment provided in the center console. The
whiteboard is provided with ribs that secure it in a
condition sandwiched between the frame supporting the
perimeter of the side written on and the supporting part
that supports the backside. The ribs can be used to
position the whiteboard longitudinally and laterally.

2.3 Case in use
The invention has been adopted on the Nissan AD/
AD Expert (VY12, VJY12 and VZNY12) models.

2.4 Thoughts of the inventor

The driver’s seat of a commercial vehicle is an
important workspace for the customer. For that reason,
the area around the driver’s seat of the AD is equipped
with various items to make it easy to use that workspace
effectively, including a box for the vehicle registration,
handy hooks and a penholder, among other things. A
number of these items have been patented. The present
invention is one such example. It relates to the structure of an
in-vehicle whiteboard for easily jotting down memos and
to which receipts or memos can be held with magnets. The
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Fig. 3 Ribs for securing whiteboard
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whiteboard is housed in the audio system space and also the
structure supporting it was innovatively designed to reduce
the width of the frame by several millimeters, thereby
enlarging the area of the whiteboard used for writing.

While a whiteboard is not anything unusual as office
equipment, the development work began by determining
the performance required as an auto part. Many people
worked hard to have this in-vehicle whiteboard adopted,
including developing a supplier capable of stably supplying
whiteboards meeting the performance requirements. I
would like to take this opportunity to thank everyone for
their fine cooperation.

3. Structure of auxiliary seatback table of front
passenger’s seat (Fig. 4)

Patent application date: June 28, 2005

Japanese patent application No. 2005-187499
Registration date: October 28, 2011

Japanese patent No. 4848682
Title: Structure of auxiliary seatback table of front
passenger’s seat
Inventor: Makoto Haraguchi

Nissan Shatai Co., Ltd.

3.1 Aim and benefit of invention

Previously, the auxiliary table was housed in the
seatback of the front passenger’s seat when not in use. It
was constructed such that the front passenger’s seatback
was folded down and the auxiliary table was pulled
forward in order to use it. Accordingly, in order to use the
auxiliary table after pulling it forward, the driver had to
twist the upper body greatly.

The present invention makes it possible to pull the
auxiliary table forward diagonally toward the driver’s seat,
thereby eliminating the need for any large twisting of the
driver’s upper body.
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3.2 Structure of invention

The auxiliary table is attached to the back side of the
seatback of the front passenger’s seat and can be moved
forward diagonally toward the driver’s seat when the
seatback of the front passenger’s seat is folded down.

3.3 Case in use
The invention has been adopted on the AD/AD
Expert (VY12, VJY12 and VZNY12) models.

3.4 Thoughts of the inventor

Small commercial vehicles are widely used for
transporting cargo and products, as well as for company
vehicles, because their cargo space allows easy loading/
unloading, which is one of their strong selling points. The
concept defined for the development of the new AD was to
create an environment in which business activities can be
conducted in the vehicle at the destination, rather than
simply using it as a means of travel. In addition to
enhancing storage efficiency around the driver’s seat, the
idea of using the front passenger’s seat as a PC table was
examined in order to provide a space for easy operation of
aPC.

The front passenger’s seat in the previous AD model
was designed to fold down at the middle to accommodate
long items. With the seat folded down, the plastic tray
incorporated in the seatback could be used as a table. The
present invention has a simple structure that makes use of
the previous seat structure, to which it adds an auxiliary
table to the plastic seatback tray to facilitate use of a PC.

Three aims were set for the development of the
auxiliary table. (1) It should have a simple structure using
a hinge. (2) The hinge should be positioned diagonally in
the upper corner. (3) The table should open and close by
means of a one-push lock mechanism.

As a result, the developed auxiliary table is easy to
use as a PC table and does not require any storage space.
(1) It has sufficient space for an A4-size notebook PC. (2) A
PC can be operated in a comfortable posture from the
driver’s seat without twisting the upper body. (3) Opening/
closing with one push, the table is simple to set up and
stow away.

Finally, I would like to express my heartfelt
appreciation to everyone involved in the design and
development of this PC table in the seatback of the front
passenger’s seat.

4. Shift lever assembly and method of absorbing
impact of shift lever (Fig. 5)

Patent application date: May 30, 2008

Japanese patent application No. 2008-143102
Registration date: June 29, 2012

Japanese patent No. 5024187
Title: Shift lever assembly and method of absorbing impact
of shift lever
Inventor: Kouji Momohira
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Nissan Shatai Co., Ltd.

4.1 Aim and benefit of invention

With the previous the shift lever assembly, the shift
cable and shift lever were connected at a more forward
position in the vehicle than the support that facilitated the
swivel movement of the shift lever mounted to the
instrument panel. If the driver is gripping the shift lever
when a frontal collision occurs, that force acts on the shift
lever from above and the rear in a diagonal direction. At
that moment, the support of the swivel movement support
is released, and the shift lever moves downward as it
rotates in a rearward direction around the connection with
the shift cable as a fulcrum. Accordingly, because the shift
lever moves in the direction opposite to that of the applied
force, there is concern that the reaction force might
increase when the driver is gripping the shift lever.

The present invention connects the shift lever and the
shift cable at a more rearward position than the support
enabling the shift lever’s swivel movement, thereby
mitigating the reaction force when an impact force acts
on the shift lever.

4.2 Structure of invention

The shift lever assembly is provided with a swivel
support that facilitates the swivel movement of the shift
lever attached to the instrument panel and releases the
support when a force exceeding a specified value acts on
the shift lever. The swivel support is connected to one end
of a link below the shift lever and the other end of the link
is connected to the shift cable at a position rearward of the
swivel support.

4.3 Case in use
This invention has been adopted on the Nissan NV200
(M20, VM20) models.

4.4 Thoughts of the inventor

The present invention provides a structure for
absorbing the impact imparted to the instrument panel
(referred to here as IP impact) by a manual shift lever
mounted on the instrument panel. The IP impact refers to
the prescribed acceleration at the time an impact force is
applied to the shift knob. Heretofore, a structure has been
established for mitigating the IP impact in the case of
automatic transmissions. However, there are few such
measures for mitigating the IP impact in the case of manual
transmission shift levers. A lot of time was spent in
determining what type of structure should be adopted,
including researching other vehicle models and conducting
confirmation tests on prototypes, among other activities.

Ordinarily, the driver’s movement of the shift knob is
transferred to the transmission by means of the link via
the cable connected to it. In the IP impact tests, it was
necessary to get the impact value below a certain specified
level. However, because the shift lever rotated rearward
around the link as a fulcrum, it could have the effect of
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increasing the impact value. That presented a challenge of
how to attain the target level, which was one especially
difficult point. The present invention successfully
suppresses the impact value as a result of innovating the
positional relationship between the swivel support and
the link.

The development of this shift lever assembly and the
registration of the created invention afforded me
opportunities to learn many different things, as it was the
first time for me to be involved in the development work
from the beginning.

Finally, I would like to take advantage of this
opportunity to thank everyone for their cooperation
concerning the studies, evaluations and other work done
in connection with the invention.
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Editorial Postscript

This special feature on light commercial vehicles (LCVs) endeavors to explain in an easy-to-understand manner
their challenges, harsh operating conditions and other requirements that differ from those of passenger vehicles. One
particular focus of this special feature is the new Titan XD pickup truck, Nissan's first new product offering in this
segment in more than ten years. Full-size pickup trucks are in the segment that might be called the stronghold of
American vehicle manufacturers in the U.S. the home of the pickup truck. Nearly every company pours enormous
development costs into launching a new model on which the company’s fortune may ride. The Japan-U.S. planning and
development teams devoted concerted efforts to the challenge of developing this new Titan model, readying it for the
best launch opportunity. The Titan already enjoys a high reputation in the marketplace, and it will be a pleasure to
watch sales expand further in the future.

Meanwhile, Nissan has also released a new generation of our 1-ton pickup that proudly ranks among the best
sellers in this segment of vehicles used dually for personal and commercial purposes worldwide. The requirements
in some markets are extremely rigorous, making it necessary to supply vehicles that do not break down even under
tough conditions that are over 100 times more severe than the road environment in Japan.

We are continuing to launch production simultaneously at several assembly plants worldwide. The development of
LCVs, localization of parts and simultaneous production launches will continue to be a sustained journey in the coming
years. Previously, when I was responsible for 1-ton pickup trucks, I saw them being used reliably all covered with dust
in markets worldwide. I am pleased to note that our new 1-ton pickup truck is highly regarded in Mexico where sales
have already been launched, and unit sales are also approaching the No. 1 share in the European market where sales
were initiated in 2015.

In developing LCVs, close teamwork with Nissan Motor Light Truck Co., Ltd. and Nissan Shatai Co., Ltd. is
undeniably indispensable. Through this cooperation, we supply LCVs that deliver an emotional value in addition to fully
satisfying business and functional needs. I feel confident that this issue eloquently presents the profound story of our
LCV lineup.

Hiroshi Toyoshima
Member of the Nissan Technical Review Editorial Committee
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At Nissan, I am responsible for designing chassis frames. The
new-generation NP300 Navara is equipped with a 5-link coil-spring rear
suspension, which is a novel feature for a pickup truck. This model has
been highly popular with customers since its release. The cover
centerpiece of this issue shows the frame-side bracket for supporting a
coil spring. The design powerfully expresses the passion of all the team
members who were involved in the development of the new NP300
Navara, including planning, design, testing and other activities.

R A
Kazuki Masuda
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