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Prefatory Note

Toward the Establishment of
Competitive Product Quality

Hideyuki Sakamoto
Executive Vice President

The automotive industry is undergoing profound changes through the introduction of electrification
and autonomous driving technologies, information technology (IT) and other advanced technologies.
Fierce competition is unfolding to develop and manufacture vehicles that embody new technologies early
on and that provide satisfaction by exceeding customers’ expectations.

Under these circumstances, it goes without saying that product quality is the fundamental element
that secures competitiveness. We need to recognize that our brand, credibility and everything will be lost
unless we can ensure product quality. The assurance of competitive product quality is the lifeline of our
business. Toward that end, it is necessary to continually evolve and implement quality improvement
activities. A close examination of what such activities should accomplish in the product development
process in particular reveals two basic points. One is to find and implement essential technical solutions to
issues that are now evident. The other is to predict and prevent potential problems that might occur with
new technologies or products in the future.

Turning our attention to the quality improvement activities in Nissan’s monozukuri operations, over
ten years have now passed since we determined the Nissan Monozukuri Quality Framework (NMQF) as
the basic structure of these activities and launched systematic efforts to improve product quality. During
this interval, the all the monozukuri divisions have worked closely together in accumulating and
implementing technical solutions to quality issues especially in the product development phase. We have
also implemented and reinforced organizational measures centered on design reviews to identify and
prevent any potential problems lurking in new designs. I think we can truly say that we have continuously
implemented activities based on the fundamental principles of product quality improvement.

Meanwhile, along with the adoption of new technologies, vehicles are becoming increasingly more
complex with highly advanced functions, and this trend continues to gain further momentum. At the same
time, as the areas where our products are sold continually expand, measures are needed to further
strengthen our development and manufacturing activities at multiple locations around the world. In view
of these circumstances, we have worked to evolve our processes, human resources and technologies
across the board for dealing with new technologies and enhancing our development and manufacturing
activities at multiple locations worldwide. While still not fully sufficient, we can see that the results of these
efforts have steadily appeared in various indices, including a reduction of failure rate and a reduction of
customer dissatisfaction.

The special feature in this issue focuses on the quality improvement activities continually implemented
to date and their evolution. Among other things, the articles describe the accumulation of technical
solutions to quality issues and their application design, as well as various activities undertaken to prevent
problems with new designs and new technologies. I believe readers will be able to understand the
continuous efforts made to evolve these solutions and activities and the results they have led to.

The assurance of product quality requires a carefully thought-out processes and deep-reaching
management over a broad range, technical knowledge and its comprehensive incorporation into technical
solutions, and creativity to enhance product value by discovering and preventing potential problems. It is
also necessary to strongly recognize that the reason why product quality has not reached a level of
sufficient competitiveness is due especially to insufficient technical solutions and creativity.

Based on this recognition, everyone involved with quality in every geographical region must
necessarily continue to carry out quality improvement activities for all parts in the coming years.
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Breakthrough Quality Improvements Through Technical Solutions
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-1 NMQF (Nissan Monozukuri Quality Framework)
Fig.1 Nissan Monozukuri Quality Framework (NMQF)

1. Introduction

Nissan established the Nissan Monozukuri Quality
Framework (NMQF) in 2006 to define work procedures
and a framework for promoting improvement of product
quality. The following activities are carried out in the
development and manufacturing phases with the aim of
preventing product defects and customer dissatisfaction:

* Setting of development targets based on market feedback
and the voice of the customer;

e Reliable application to product development of
accumulated measures for preventing recurrence of
problems and quality improvement technologies;

* Proactive prevention (Mizenboshi) by undertaking design
reviews (DR) based on the newness of a technology or a
design.

In the market phase, the following activities are
carried out with the aim of fixing problems with astonishing
swiftness.

¢ Quick identification of the quality situation and nature
of a problem,;

* Prompt application of an emergency measure and a
permanent solution.

Efforts undertaken to support these activities include
the development and accumulation of technologies for
improving quality, improvement of work processes, and
the development of human resources.

B R e R e R

Failure rate [%]

2005 2011

M-2 fEROWE

Fig.2 Failure rate reduction
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Fig. 3 Technical solution development
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Fig.4 Used car survey enhancement

We have continued to carry out the NMQF cycle for
more than ten years (Fig. 1). As a result, improvement of
vehicle quality in the field has progressed steadily since
2005. For example, by 2011 the failure rate had been
reduced by approximately half compared with 2005 (Fig.
2).

2. Enhancement of Quality improvement Technologies

Following the launch of a model incorporating new
technologies in 2012, cases of technical troubles and
customer dissatisfaction occurred. The framework for
precluding problems with new technologies embodied
in the drivetrain, navigation system and other parts had to be
extended to the area of customer dissatisfaction and also
further reinforcement was necessary. Because there were
no design standard on hand for addressing certain problems
or previously accumulated measures were technically
insufficient, problems recurred and there were instances
where the same problems also occurred in other similar
vehicle structures.

Accordingly, activities were launched to create design
or technical solutions anew for issues that caused problems
or dissatisfaction, beginning in order from the causes of
the largest inconvenience to customers (Fig. 3).

Meanwhile, for durability guality, it takes
considerable time before such issues appear in real-world
use. Therefore, in addition to responding to the voice of the
customer in the field, we have also continued to investigate
used Nissan cars and to recover good parts. When signs of

B e R R R RS

I
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Number of new planning drawings
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-5 EET - MHE
Fig.5 Expansion of new planning drawings
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Breakthrough Quality Improvements Through Technical Solutions
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WY AT LR YHR—F Y MR L TIEFull Process DR
. EI/NS R ETAE R TR E I L T Quick

an issue have been confirmed, a design or technical solution
has been developed to deal with it (Fig. 4).

The way of applying design or technical solutions
differs between those that have been determined for
standard vehicle structures and those which vary
depending on the vehicle requirements or the targeted
performance. For the latter measures in particular, design
and performance planning drawings have also been
steadily improved. Based on the voice of the customer,
solutions are incorporated at various levels from the
performance targets to the overall system design and
targets and are even included in part designs. Finally,
solutions are also incorporated in process control. Every
effort is made to ensure that solutions are reliably applied
to product development (Fig. 5).
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prototype completion prototype prototype

O * ] [ |
Quality Risk Assessment
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E Review Confirmation Confirmation

; Performance Risk Assessment

Performance Review

Step Review

v
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Fig. 6 Implementation timing of quality risk assessments
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Fig. 7 Overall structure of design review
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Fig. 8 Seamless new vehicle launch quality

3. Strengthening of Quality Risk Assessment and
Proactive prevention

Traditionally, we have mainly evaluated the newness
of a technology or a design by selectively applying two
types of DR. A Full Process DR is conducted for systems or
components having a high level of newness, and a Quick
DR is performed for relatively small design changes or
process changes. These design reviews are conducted by
qualified DR Experts, DR Reviewers and Quick DR Pilots.
(Further details can be found in the article entitled
“ Design Review Evolution to Prevent Problems and
Dissatisfaction with New Technologies”.)

In recent years, we have started assessing the
newness of system assemblies as a result of the increasing
complexity of systems and controls. In addition, designated
experts conduct quality risk assessments that take into
account not only newness, but also the degree of customer
inconvenience envisioned for troubles and dissatisfaction,
the seriousness of problems, and the scope of their
influence. A system of defined management levels has also
been newly implemented (Fig. 6).

The overall DR system has also been further
expanded and improved accompanying the increase in
system complexity, including the addition of an algorithm
review (Fig. 7).

4. Application to Vehicle Development

The quality improvement technologies and stronger
proactive prevention measures described above have been
applied to vehicle development. Checks of the application
of quality improvement measures and management of the
junctures of proactive prevention measures are conducted
to make sure they are being reliably applied in development
work. Moreover, a system has been implemented whereby
design engineers themselves confirm parts, vehicles and
manufacturing processes on-site at the stage of preparing
for mass production to verify that things are actually in
accord with the design intention. Design and testing experts
are the ones who perform the safe launch activity prior to
the start of mass production.

As a result, problems accompanying the switchover of
production to a new model can be prevented in advance,
making it possible now to launch new vehicles seamlessly
(Fig. 8).

5. Conclusion

The measures described here for improving quality in
R&D processes at Nissan are continuing to evolve and
refine essential technological capabilities aimed at the
establishment of highly competitive product quality. This
special feature explains the main activities under way
toward that end.

H ZE # #’ Nos1 (2017-10) 6
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Continuous Development and Enhanced Application of Quality Improvement Technologies

N I 5 WM iR A
Hideyuki Toyoda Akio Watanabe Makoto Fukubayashi
p/ B £ M T
Masaru Mizuguchi Susumu Chonan
#w % MEERUGET 57200V ) 2= a YRR E . ZN5 OREANOBHE 10412 1 M

PIZFERE L C&7ze —J, BtV ) 2 — 2 3 ORIIEBERIIFHER T B, HEIoO&WI25 U Cikat
FBEOEEPLE RS DS H Y TR - MERERTI X 2 B LW~ OB 2 LT\ b. G-
PERERTEIXIA S HMT Y ) 2 — 2 9 YEIFE F Tl L7220 #MlAa %, F %28 0 TRMNT %,

Summary Development of technical solutions for quality improvement and their application to
products have been implemented for ten years. Some design characteristics of technical solutions,
however, need to be revised to suit customer expectations, market load or vehicle variations. Recently,
design planning drawings have been reconstructed and applied further to vehicle development. This
article describes some examples of the series of activities between technical solution development and
design planning drawing creation.

Key words : Research & Development, quality, technical solution for quality improvement,
design planning drawing

1.1 U & [C 1. Introduction

Nissan has been working to enhance quality by
HEHBHE CIZZOI0FEIZED, HHTEEL TV continuously developing quality improvement technologies

BB R AN A AR AR 12 HWL 27 O W S and applying them to products over the past ten years to
S b 2 B B SR 1 o ’?’*Eﬁlﬁ%ﬂ <x fundamentally resolve problems and dissatisfaction
Z‘IDHL UL HY \ A== /)

e N customers have experienced with their Nissan vehicles.
2o S OWHRBOMRIEIZ I, FEJ?EE# B % 72 NS — IR The fundamental principle underlying these efforts is that

RUCEIRE 2 AR D R LT O Mk 2 B EGE I  L T simply repeating temporary improvement activities
DT, ANy 7 FEML 7RG R GBI E G S Nk whenever a problem occurs can never be expected to lead
RO RNEVIEZNDH D, TOFEZITEDVIIGE 7 to continuous quality improvements; it is necessary to

carry out improvement activities continuously with
emphasis on accumulating improvement technologies.
Figure 1 shows the flow of the activities based on this

O—%K1IRT, AfTid, 2o7a—12iF>7T. F4
DEY A TWD WESEHED Y — )V & T at 2 122OWTHE

5 %o principle. This article describes the quality improvement
tools and processes Nissan has been promoting in line

2. RENERIRREE with this flow.
2. Activities for Developing Quality Improvement

2.1 FiiEEREOHE Technologies

AT L, REE ERO DM S ot 247- 2.1 Identification of technical issues

B S R IIZXZ2IIINSs Technical issues are identified from the two
FESEOWEL | SEAEH - e perspectives of problems and customer dissatisfaction.
Fﬁ%fmﬂﬁ Do oRE g 7 mY=/ N First, problems are identified by ascertaining failure that
inv;:tig(;ltliac;rll . 'Q““hﬁicii?,ﬁfé’;i“‘e“j d P’l”f”e:? has occurred in real-world use. That is done by statistically
e ddentification Jovelopmment g e analyzing submitted warranty claims and information on
M-1 mEERiFEAEEE0I0— vehicle repairs done at Nissan dealers. For customer
Fig. 1 Flow of activities for developing quality improvement dissatisfaction that does not appear in warranty claims,

technologies

* B R ST #9758 Product Design Technology Evolution Department ** /7 — » L A > HfrBAFSA#E, Powertrain
Engineering Division ** 347 7 4 N — &% — Y ZA[l%E, Connected Car and Services Engineering Department
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Fig.2 Development of technical solutions for quality
improvement

Nissan conducts quality surveys among customers who
have purchased Nissan vehicles. These activities enable
us to identify technical issues that must be resolved.
Furthermore, we also survey and ascertain quality
requirements by contacting customers directly in each
market, including the U.S., European countries and Asian
countries, among others. Every year we collect and
examine several tens of vehicles and parts still in use and
utilize the resultant information to identify technical issues.

2.2 Development of quality improvement technologies
2.2.1 Development of technical solutions

Experts in every technical area, including the
powertrain, body, chassis, interior/exterior trim parts, and
electronic device parts, among others, analyze the root
causes of technical issues identified for quality
improvements and develop technical solutions as
fundamental corrective measures. Figure 2 shows the
number of technical solutions developed through these
activities in the last ten years to resolve technical issues.
2.2.2 Development of design/performance planning
drawings

In recent years, complex systems have been
developed that embody new technologies and involve the
use of multiple parts and control procedures. In the
development process, there are cases where it is not
sufficient to simply revise and adapt existing things. The
only way to attain the desired technical level is to acquire
the capabilities to develop the necessary technologies.
Making design techniques and abilities visible in the form
of planning drawings clearly indicates the present technical
level and is aimed at facilitating continuous efforts to
improve technical capabilities. We launched a system of
collaboration between experts in each technical field and
the quality management team, thereby creating a condition
that enables sophisticated analyses of mechanisms and
logical design execution.

The structure of design/performance planning
drawings is shown in Fig. 3. This structure provides a
framework facilitating consist allocation of design
requirements to the characteristics of the systems/
subsystems and then to the characteristics of the
constituent parts in relation to the high vehicle
performance targets newly set by the experimental
division on the basis of analyses of competitiveness.
Previously, Nissan simply presented the specifications
and the suppliers themselves built them into their products.
A significant change from that previous approach is that
Nissan’s design engineers themselves now consider the
optimal allocation of specification values even in design
areas at the levels of subsystems and parts. In the case of
an electronic system, for example, algorithm development
previously depended on the knowhow of the supplier. Now,
Nissan’s design engineers themselves also define
algorithms at times and must consider the efforts needed
to attain higher levels of vehicle performance targets for

H ZE # #’ Nos1 (2017-10) 8
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ensuring quality and competitiveness in increasingly more
complex technical areas. Design engineers execute fully
integrated designs from the vehicle level to the parts level
and are now able to allocate achievable and optimal
specifications. In addition, accuracy control is performed
in coordination with the manufacturing division, which
involves incorporating production control characteristic
values in the Quality Variation Control Characteristic
(QVCCO), a tool for controlling quality variation. This makes
it possible to carry out more advanced design planning.

2.3 Stock of quality improvement technologies

Technical solutions are incorporated into standard
designs, standard structures/parts and evaluation criteria,
recorded on individual Good Design sheets, and entered
into a database so that they can be shared by everyone
including overseas operations. Design/performance planning
drawings are also kept in stock as standard templates and
are made available for use in performance planning for
a new project, including at the company’s overseas R&D
centers.

2.4 Application of quality improvement technologies
to projects

Parts embodying quality improvement technologies
are standardized and shared in common. Plans for their
adoption are proposed, taking into account possibilities for
achieving cost reductions and reducing tooling costs. In
addition, aside from the application of standardized parts,
the templates of previously created design/performance
planning designs are used for treating design requirements
that necessitate planning for individual vehicles, and
performance allocations are made for the specifications of
the systems, subsystems and component parts. The quality
control department and the person responsible for leading
the development of a new model together confirm at each
juncture of the vehicle development project whether the
standard designs, evaluation criteria and standard templates
of design/performance planning drawings stored in the
Good Design database are being reliably adopted for the
project.

3. Examples of Application in R&D Activities

Figure. 4, the Initial Quality Study (IQS) by J.D.
Power, shows two examples of marked improvement in
quality as a result of creating technical solutions for the
technical issues described here and applying them to new
models. The examples presented here concern a
navigation system and a continuously variable transmission
(CVT) for which the design methods of the design/
performance planning drawings were combined, leading
to an improvement in product design capabilities.

3.1 Example 1: Planning drawings for navigation system

3.1.1 Improvement for faster startup time
Design/performance planning drawings were prepared

to deal with thirteen types of dissatisfaction expressed to
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date by customers about the navigation system as shown
in Fig. 5. The planning drawing for faster startup time is
explained here as a typical example.
3.1.2 Vehicle performance target set for faster startup
time

A use case analysis was conducted in which the
situation experienced by customers from before to after
system startup was envisioned. Based on test evaluation
results, a target startup time was defined so as not to
cause customer dissatisfaction (Fig. 6). The study was not
limited to this particular issue, but rather was extended
to an examination of an essential target that would not
cause dissatisfaction with respect to human ability and
sensibilities. It also included consideration of the test
procedure. The intention was not to set a target according
to benchmark values of rival models. Every effort was made
to set a highly competitive target more in tune with market
needs and trends.
3.1.3 Allocation of system target for faster startup time

Besides a vehicle target for the total startup time,
a study was made of the order of priority for starting
different systems so that customers would not feel
dissatisfied with the startup time as a functional aspect of
vehicle launch preparation. Based on actual real-world use
of different functions by customers, the order of priority
for systems requiring early startup was found to be the
rear-view camera as a driver assistance function, the
heating, ventilation and air-conditioning (HVAC) comfort
functions, and the audio and map display functions that are
only operable while the vehicle is at rest (Fig. 7).
3.1.4 Allocation to parts characteristics for faster startup
me

In the design/performance planning drawings, the

effect on the startup time set as a vehicle target was
divided between the hardware processing speed and task

=

B o e e R

Quick response
3 R7Y v UM - ARy

Easy pairing and no disconnections

4 ETRIENRT

Easy to operate while driving
5 — FANEEY LAV

No roundabout routes
6 (EFHRR N LT

Easy address searches
T EFERMER RN

Good voice recognition rate
8 M A FEHA R

Good camera image quality
9 FEBRARICHE AR

Poor call quality

Poor camera
image qualit;

[ Dropped Bluetooth ]
connections

Poor voice
recognition rate
Poor radio

reception qualit;

Nol errors
10 LRF % {5 it

Design excludes LRF problems
1N R7 Y —OBFEEAHRR

Good hands-free call quality
12 7 VA ZARMERSRY

Good radio reception quality
18 F—b R X RFDHEN

BRI E & R
Definitions of 13 key characteristics
(Fer—va  HEROELT: R R
Sections of navigation system Items of dissatisfaction:
planning drawing:
1B A%E B SR AN
Fast startup Slow startup
2 VAR ABEN SR 2V

Slow response
Bluetooth#§2 I %
Dropped Bluetooth connections
EATPIAEZ R

Cannot operate while driving
A— g Y

Roundabout routes
FEFANDEE L

Difficult to enter addresses
B HRMENEN

Poor voice recognition rate

B A7 EEDEN

Poor camera image quality
R

Language errors

LRF (nyy, Big#, 7)—X)
Lock, reboot, freeze problems
WIEEEEN

Poor call quality

T VA ZABHERENE N

Poor radio reception quality

F R AR

\__ Fast database searches

®-5 FES—YavRNmEnEE
Fig. 5 Analysis of navigation system complaints

Slow database searches )

H ZE # #’ Nos1 (2017-10) 10



Continuous Development and Enhanced Application of Quality Improvement Technologies

H % %o
31.2 [iCEIRFREIMIRS ] | ElBEERE

BEMP Y AT ARBH A SEEHE TIIEBT S L
bbby = ilonCTL—ATr — A5 eFERL. A
R U 7 WAR BN IR R 1 D W T HEERET AR S & 221 H Rk
ExEATo72 (K6), RIFEIZES T, EEIZHET 545
DHEDTTH | AT F~v— 27 OMBI L 5 HIEHRET
3% <. ADBBIREE L BN Z K U2 WAEWZ: H
EOWE T, EDliBo=—XL bL Y FIZEEL
TS TIOm G EEREEZITo T\ b,
31.3 [iCERFEMRS ] - YT LBEZEEIF T

REEIREH b — & VO B2 Tld e <, FAEE O
FEREL L TBREBAAMZIE LWL ICT 572012, i
B4 LR O BEEIFE IOV THE L7 BEEDOY T
V7 =) FTEBEOMIRI 2 S RISk 5N 5
VAT A, EITTEEEO Y 2 — 5 A5, BB b
HED HVAC (Heating, Ventilation, and Air Conditioning)
FLTERERIZLOTERVEREDO Y — 7 1 4, #HIXFR
DNETH o7z (K7)s
314 [CEIRFEORES ] | SBEFENDEIG T

FRED - MERERTEIEI T, HL HAR T 2o By R S
R S e e e e e e e e e e e g g

Expected time Satisfactory
frame

time frame |
Preparation !
time until

Dissatisfaction
time frame

B3 . Ordinary
g take-off Aeivos
% Qllxick

3 drivers

= > |

Target Time
Opening of
vehicle door

®-6 >FEYS—3ViEBiFEOBIRSRE
Fig.6 Setting of navigation system startup time target

Ignition ON

ESENENL
Order of priority
1. ETXERE (VFPE=2—H27F)
Driver assistance functions (rear-view camera)
2. BRZEMORELHEE (HVAC)
Interior climate control functions (HVAC)
B EHFIZ LA TERWEE (A—T 1 4)
Function only operable while vehicle is at rest (audio)
4 ZEPICLATERVERE (TEs— g VB E)

processing by the software.
3.1.5 Solution development for attaining desired parts
characteristics

Optimal characteristic values were determined for
the CPU’s arithmetic processing specification that provides
the microcomputer’s basic processing capacity and for
the storage access specification in order to achieve the
targeted hardware processing speed (Fig. 8). As the
technical solution for the software, optimal designs were
executed for the startup task priority, CPU occupation
ratio and wakeup/sleep time.
3.1.6 Validation of results for faster startup time

The navigation system was planned and manufactured
as described above and its actual startup time was
investigated. As one example of the system evaluation,
the results for rear-view camera startup and map display
are shown in Fig. 9. The startup time target was achieved
for each one. The same thinking was thus applied to the
development of a technical solution in which the CPU
resource is used to the maximum effect to startup all the
systems in the order of the highest priority. The results
confirmed that the startup time achieved for the navigation
system would not cause customers to feel dissatisfied.

3.2 Example 2: Planning drawings for CVT

It is well known that CVTs provide excellent fuel
economy by enabling the engine to trace operating points
for obtaining maximum fuel efficiency. That capability
stems from their structural features that facilitate flexible
and seamless ratio control. However, with regard to the
acceleration feel, although CVTs can deliver optimal driving
force in relation to the driver’s intention, as indicated by
the accelerator pedal angle, the relationship between the
engine speed and the vehicle speed or vehicle acceleration
(G) sometimes seems contrary to that intention. The result is
referred to as a rubber band feel that can lead to customer
dissatisfaction. As shown in Fig. 4, this phenomenon has

R g g e e = e g
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Fig. 7 Study of system startup priority
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Fig. 8 Allocation of parts specifications

been pointed out by customers in the past as a source of
dissatisfaction.

The next section describes an example of a technical
solution for resolving this phenomenon, focusing on the
design/performance planning drawings.

3.2.1 Setting of vehicle target for rubber band feel

The mechanism causing the rubber band feel that is
dissatisfying to customers stems from a basic inconsistency
between the engine speed and the vehicle speed or G in
relation to the driver’s acceleration intention as expressed
by depressing the accelerator pedal. Sometimes only the
engine speed alone rises first, or conversely, the change in
speed lags. In the high speed range, the engine may seem to
falter or hesitate. The related phenomena and mechanisms
causing them can be divided into several types. As one
example, consider vehicle launch acceleration at a small
accelerator pedal angle. The engine speed alone first flares
up before G is generated. Subsequently, the vehicle speed
rises, but on the contrary, the engine speed momentarily
falls.

Therefore, we thoroughly investigated each of the
dissatisfying phenomena, including asking customers
directly about their actual dissatisfaction. As a result of
analyzing the extensive data thus collected, we set vehicle
speed, G and engine speed targets for each waveform
pattern.

In setting these targets, we did not simply try to
suppress the engine speed because that would have
conversely led to customer dissatisfaction with insufficient
acceleration. Accordingly, the optimal targets were defined,
taking into account a good balance among them. Figure 10
shows one example of the targeted performance for vehicle
launch acceleration at a small accelerator pedal angle.
3.2.2 Setting of characteristic targets for vehicle, unit
system and parts to resolve rubber band feel

We then conducted an acceleration performance
simulation based on the G and engine speed targets at the
time of vehicle launch. As a result, target values were
allocated for the engine torque characteristic, CVT ratio
characteristic, lockup (L/U) characteristic, torque converter
characteristic and so on.

It will be noted that the influence of those assigned
targets on fuel economy was also taken into account so as
to determine the optimal solution. Figure 11 shows the
results of the quality function deployment (QFD) applied
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Fig.9 Improved results for navigation system startup time
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from the vehicle level to the unit system level.

As the next step, the system targets were broken down
and allocated to performance targets for the subsystems
and then to the parts characteristics. For example, the
CVT ratio system is divided into the subsystems of the
belt and pulleys, hydraulic circuit and control system,
and the L/U system into the subsystems of the L/U clutch,
hydraulic circuit and control system. The subsystems are
further divided into the characteristics of each constituent
part.

As one example, the L/U clutch is divided into the
clutch size, number of plates and so on. Based on this
function deployment, the targets set for the ratio
characteristics, L/U clutch characteristics and so on are
ultimately allocated to targets for the characteristics of
each part. Figure 12 shows one example of the specific
target allocations made to the level of parts characteristics.
3.2.3 Technical solution for rubber band feel

The development of a technical solution for this issue
was carried out in two stages. A technical solution was
developed based on the performance design that included
the hardware characteristics like those mentioned above.
A short-term control solution was developed by conducting
a simulation using the existing hardware characteristics
as input information and assigning the attainment of the
desired targets to the control characteristics.

The latter control technology is described here. Nisan
developed linear mode shift control in 2007, start-off slip
L/U control in 2013 and D-STEP shift control in 2014 and
adopted these control features on CVT-equipped vehicles.
Based on these control features, the above-mentioned
targeted characteristics were incorporated in the control
system and constants as required functions and further
improved. Specifically, torque management, CVT ratio and
shift speed, L/U clutch capacity and slip speed are more
closely and cooperatively controlled so as to obtain the
engine torque and speed that more finely match the
driving conditions, including the accelerator pedal angle
and vehicle speed.

As a result, the rubber band feel was greatly
eliminated, which led to a reduction in the customer
dissatisfaction index.

4. Conclusion

The continuous development of quality improvement
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technologies and their application to new model projects
over the last ten years as well as activities for developing
better design/performance planning drawings have
steadily improved product quality. In order to provide
customers with vehicles of excellent quality, it is
indispensable to understand customers’ expectations
accurately and to execute performance designs and parts
designs based on an essential understanding of the
mechanisms involved. In the coming years, we want to
continue to provide customers with vehicles that exceed
their expectations by continuing to develop and expand the
application of technical solutions.

Finally, authors would like to profoundly thank
everyone for their concerted efforts so far to develop
quality improvement technologies and request their
greater cooperation in the future.

Mook oo =y

Masaru Mizuguchi
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Summary

Since 2005, Nissan has been developing design review (DR) processes and standard

tools that are utilized in DRs. This resulted in the establishment of Nissan’s unique DR system
consisting of Full Process DR and Quick DR and its application to the new vehicle development process
was initiated. In response to the expansion of new technologies related to electric powertrains, advanced
driver-assistance systems and connected car features in recent years, design reviews for these new
technologies have been enhanced. In addition, a risk assessment scheme was newly implemented for
making management decisions regarding new technologies. Human resources development training for
engineers involved in DRs has been continued for advancing DR-related activities efficiently. This article

describes the current situation of these activities.

Key words : Research & Development, quality, design review

1. U & I

*)T??HTT@T/\ B AN RIRICEH I3 51218, BIFSERS
BUIATHA L Ea— (LUFDR) 2"E%THY. H
EE@ET@%%@M%\DR@?D%X%V~»@NX
NTT T4 ARBRL, FONFEEREILTLE DI
= SVZRRLCE 72 RO ARG RO
IEFERR & B 72 1) o RIRBH Ik TR B B AT 1 i T 1)
AR TAILEPERETHY) ., HEbiILE i'ﬂﬁ% X
L. Bl RGO BEIIS L/2DRO T a2 LY —
WEEMLC& 7z, MUIRT &), HRRIRA. HiE
MR & 0o 72 F B O & WEARN 123 L Tid, FMEA
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1. Introduction

A design review (DR) is effective at the product
development phase in proactively preventing problems and
customer dissatisfaction with new technologies. Nissan has
been pursuing the best practices in DR processes and tools
since 2005 and the results obtained have been standardized
and deployed globally. Unlike confirming that previous
problems and customer dissatisfaction will not recur, what
is important in proactive prevention is to identify potential
problems lurking in new designs and technologies. That
is clearly different from recurrence prevention. We have
developed DR processes and tools matching the newness of
technologies and designs. As shown in Fig. 1, a Full Process
DR is applied to technologies having a high level of
newness such as a world-first or a Nissan-first application.
Failure mode and effects analysis (FMEA) is used as
the tool for identifying potential problems. A Quick DR
is applied when partial changes are made to existing
technologies, using Design Review Based on Failure Mode
(DRBFM) that focuses on changes. This selective use
greatly expands DR coverage while holding down the time
needed to prepare for a DR.

* B SRR HE R, Product Design Technology Evolution Department **751-7 — % 7 7 F % Bi%&#6~ System Integration and

EE Architecture Engineering Department
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The current scope of application in new model
development projects is around five issues for a Full Process
DR and around 30 issues for a Quick DR. Annually, a Full
Process DR is applied to approximately 50 items and a
Quick DR to approximately 300 items, which contributes
substantially to ensuring the quality of new models.

DR activities are consistently carried out from the
design concept phase to the launch of mass production.
Design, testing and production engineers work together to
undertake comprehensive DR activities to control variation
in important control characteristics and for process
assurance.

As one example of the results, Fig. 2 presents data
comparing the change in the failure rate before and after
model launch of the new Note that was released in fiscal
2016. The failure rate is calculated from the number of
repairs made under warranty in the first three months after
a new vehicle is delivered. The results show that stable
quality levels were secured following the sales launch for
the many new technologies that were adopted.

The DR processes constructed to date form the
principal axis of our proactive prevention activities. In
recent years, we have further strengthened our design
methods and review tools to match the nature of the target
systems and technologies such as power source systems,
fail-safe functions and control algorithms, among others,
in accord with trends in new technologies. In addition, we
have newly implemented a risk assessment system that is
completely separate from DRs because decision-making
concerning the development schedule or new model
launch plans must be done at the corporate management
level. This system concerns the development of new
engines, for example, that must be completed on schedule
because of a new model launch plan or the development of
new technologies related to autonomous driving or other
technologies in which there is strong public interest. This
article focuses in particular on these new efforts.

Since the adoption of the Full Process DR and Quick

DR in 2007, we have also been promoting the development
T e e i T e e e e e s

Before I After

new model launch : new model launch

Failure rate [%)

Production month

-2 FREYEIS AR C OHEERDERH
Fig.2 Change in failure rate before and after
new model launch
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of human resources at Nissan through a certification
system in parallel with the implementation of DR processes
and tools. At present, this system has been extended to 13
R&D centers globally and nearly 12,000 development
engineers have completed DR-related training. They are
working hard every day to proactively prevent problems
and customer dissatisfaction through DR activities. This
article also presents the latest information concerning
these efforts.

2. Strengthening of Reviews Matching Systems and
Technical Fields

Figure 3 shows an overall outline of the DR system.
In addition to the Full Process DR and Quick DR that
are the pillars of the DR system, reviews have also been
strengthened matching new systems and technical fields in
line with the latest technical trends, such as the increase
in electric powertrains and the advanced sophistication of
electronic control systems.

This section describes the reviews conducted for
power source systems, fail-safe functions and control
algorithms and the strengthening of related experimental
validation activities as examples of the enhancement of
reviews matching specialized technical fields.

2.1 Power source systems

The Nissan LEAF EV and the new-generation Note
equipped with Nissan’s eePOWER electric powertrain are
mounted with a power source system consisting of many
power semiconductors, including the high-voltage system.
It is necessary to ensure that these power source systems
function safely, including with regard to any variation in
the strength of their constituent power semiconductors.
For that purpose, we have specified a safety design process
and standards for power sources and have implemented a
review system for confirming that they are being followed
properly. As shown in Fig. 4, the power source safety design
process consists of semiconductor robust design, protection
design and a semiconductor PPM (parts per million)
activity. The items to be investigated in each step of the
design process have been standardized and the reviews
conducted by development experts have been reinforced.

In semiconductor robust design, the current paths are
first made clear by creating a block diagram of the power
source system as shown in Fig. 5 based on the power
source, harness, semiconductors and other components.
Next, it is confirmed that the system will be within its
rated power under worst-case operating conditions. That
is done by calculating the maximum generated power and
resultant heat release based on the battery specifications
that are the source of the supplied current and the
semiconductor composition of the system and taking into
account variation in the component parts. In addition,
avalanche breakdown due to switching surges as well as
other conditions are reviewed within the scope of the
tolerance design.

The protection design review against potential
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troubles is conducted from the dual perspectives of the
fail-safe design and breaker design. The fail-safe design
review confirms that the fail-safe functions operate reliably
before the semiconductors suffer any damage. That is done
by envisioning the worst case for variation in component
parts because it is necessary to limit or stop the system
operation before a semiconductor fails in the event the
failure diagnostic system detects an abnormal condition.
The breaker design review confirms that the shut-down
function operates reliably before the semiconductors are
damaged. The places that act as fuses are specified in the
circuit breaker design in preparation for the possibility of
overcurrents.

This design process is specified in a power source
safety design planning drawing like that shown in Fig. 6.
Under the design review system, development experts
confirm that the power source safety design has been
executed in accordance with this planning drawing. We
began conducting power source safety design reviews
using planning drawings in fiscal 2016.

The semiconductor PPM activity concerns quality
control for the parts composing a power source system.
In the design review, parts for which quality control is
necessary in the mass production process and important
control characteristics are clearly identified and indicated
in a Quality Assurance (QA) table. For the important control
characteristics indicated in the QA table, development
experts check the process capacity indices of the mass
production process and confirm whether the targets have
been achieved or not.

2.2 Fail-safe

The adoption of fail-safe functions has been increasing
accompanying the growing number and complexity of
electronic control systems installed on vehicles. The
importance of these functions is also increasing. It is
a fundamental requirement that a fail-safe function must
operate reliably when necessary under a wide variety of
usage environment conditions. It is also essential to avoid
inconveniencing customers. For example, it is highly
inconvenient for customers if a fail-safe function operates
frequently to protect a vehicle system or if a fail-safe
function limits the operation of the vehicle in some way.

Previously, fail-safe reviews were conducted primarily
from the perspective of whether the functions operated
reliably at the necessary time to avoid an unsafe condition.
In addition to that, we have also implemented a fail-safe
mode review that is conducted from the customer’s
perspective of the degree of inconvenience incurred by
frequent fail-safe operation or the mode transitioned to and
the ease of understanding mode notices given by warning
lamps, among other things. Testing activities have also
been strengthened for verifying that fail-safe functions
operate as intended. This section also describes the steps
taken in this regard.

The purpose of a fail-safe function is to monitor the
status of the parts of a system and to transition a function
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to a safe state if necessary. That prevents a system from
entering an unsafe state if one of its components should
fail. As one example, a fail-safe function is adopted for
preventing the engine from overheating in the event a part
of the engine cooling system should fail. This function
monitors the engine coolant temperature and illuminates
a dashboard light if the temperature exceeds a specified
level and also acts to control the engine torque.

Fail-safe functions are adopted for the purpose of
ensuring customer safety and protecting vehicle systems.
For example, suppose the overheat protection logic of the
instrument panel operates and the liquid crystal gauges/
meters go black at that time. The operation of the vehicle
would be impaired because the driver would not be able to
obtain the information needed for driving. We have also
implemented a fail-safe mode review from the customer’s
perspective to proactively prevent such customer
dissatisfaction.

This review is conducted by a reviewer who is an
expert responsible for making evaluations from the
customer’s perspective. An exhaustive review is conducted
from the standpoints of the frequency of fail-safe operation,
whether the mode transitioned to when a fail-safe function
operates is within the range tolerated by the customer, and
whether warning notices given by warning lamps are easy
to understand or not. Since this review was implemented
in fiscal 2014, an assessment sheet has been used to select
the scope of the review. To date, this fail-safe mode review
has been applied to a problem in the cooling system of a
new V8 diesel engine and to a problem in an electronically
controlled engine mount system, among other things.

It is also important to conduct validation tests
of fail-safe functions from the perspective of whether
they operate properly as intended under various usage
environment conditions in the real world and whether as
a result the vehicle displayed any unintended behavior.
For that purpose, in the R&D division we formed an
organization that specializes in planning and conducting
such fail-safe validation tests. The members participate
in reviews beginning from the design phase of fail-safe
functions. They identify the items requiring validation
testing based on a good understanding of the weak points
of a system and the usage environment conditions and
then plan and conduct the tests.

These activities are carried out to review and validate
by testing whether fail-safe functions operate as intended
under a wide variety of market environment conditions
and customers’ ways of using their vehicles. Through this
fail-safe mode review, we confirm the frequency of operation
of fail-safe functions and whether customers have felt any
dissatisfaction or inconvenience as a result of the mode
transitioned to when a fail-safe function operated.

2.3 Control algorithms

We have strengthened our review process for
electronic control systems as the application of these
systems has continued to expand such as for electric

H ZE # #’ Nos1 (2017-10) 20



Design Review Evolution to Prevent Problems and Dissatisfaction with New Technologies

t—TIIR L Y2 —F@H L T&7,

F72, T2 ANE—T7IZ0o0nTlE, YT IVT— )L FIZH
5 S F EEMRARBELEMFICB ULV IEET 5
Py 7 A= T DMEE L AR, BEESERIL 2w &
I BB EIRE RV Vo 7o TOFEERMGE D EET
Hbo ZDOH, BSEFAMNIC 7 = 1 )Vt — 7 EERMEED
il & FAT A B & T DM D LSz A2 NIET =
ANt —TORFTEREPS L E2—I2BH L, Y ATLAD
§5 A BB S 2 A L 729 2 T 7 FERRRGEIE
Hzadi L. EROMSHE - E47%1T9

CNSDOBYHMIED, 724Nt —THH 5D LT
WBE SR, BEMOM VT 0L & TVl D ISEE) T
HllxlbEa—L, EBRTHGEET AL LI, 7oAV
Y — 7 ORISR 7 2 A VB L2 E— N2k o T
BERIIAMSCAEEZE LSRR L), 721
Nt —T7E—RFLVa—2#@UTHEL TV,

2.3 HE7ZILIU XL

BIATA FE7, BEY I L—7, EEOEKITGL
THFFEZT Ny ZOREMZ I 5 BRI AT A
&, BIHEY AT 2 ORAILRIHEN, HIfH AT A
ERFE LIV 2 —DibEHEDTE /. A Th, H
BETTIAVIIREL TWDEI T34 7 v AAHEDE
THIE Y AT 22O WTCid, T ¥ ha—) b= hIFEE
ENLETINIT) XLONEE THARAAT, VT INVT =)
FOZFE SERBRAREEREEOL L TY AT A0 HED
I[ZHERET % C & & RkaEt - MEE T A A E T L L 72,
BTV T) XL OFEE - BERE T 0 Ak, KTISRT

OO0V VVOVVVVOVOVVOVVVOVOVOVOVOVOVOOOOOOOOS

Step 1: Principle Algorithm Design

@ Define physical quantities for control
@ Define control concept (how to treat physical quantities)
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Step 2: Basic Algorithm Design

@ System algorithm design covering hardware and software
@ Define key performance index (KPI) for algorithm evaluation
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Fig. 7 Algorithm design & validation process
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sliding doors, electric sunroofs and occupant detection
systems that judge the necessity of the passenger airbag
deployment according to the occupant’s body weight. Our
design/validation system has been strengthened especially
for compliance-related electronic control systems the
development of which is contracted to suppliers. We confirm
that the systems function as intended under various real-
world usage conditions, including going so far as to check
the details of the algorithms incorporated in the control
units.

The algorithm design and validation process is shown
in Fig. 7. It consists of the principle algorithm design in
step 1, the basic algorithm design in step 2 and real-world
compatibility validation in step 3.

The principle algorithm design in step 1 involves
determining the physical quantities to be controlled,
clarifying the motion models related to those quantities
and then defining the control concept. For example, for the
occupant detection system, the targeted physical quantity
is strain that is measured with a strain sensor embedded
in the seat. The control concept is defined on the basis
of the motion model that includes the occupant, seat and
other constituent elements and also disturbances such as
vehicle acceleration and vibration.

The basic algorithm design in step 2 involves
designing the hardware and software for achieving the
control system that accomplishes the control concept
determined in step 1. On that basis, characteristics are
then determined for evaluating the performance of the
algorithm.

In the foregoing example of the strain sensor, the
hardware is designed to eliminate disturbances by means
of filter settings and the software logic is designed to
distinguish the occupant’s body weight based on the
detected strain level. The characteristics selected for
evaluating the performance of the occupant detection
system algorithm are responsiveness, dynamic range, and
signal-to-noise (S/N) ratio, among others.

In real-world compatibility validation in step 3,
algorithm compatibility is validated by applying Quality
Function Deployment (QDF) and other techniques to
identify various use cases in real-world driving situations.

In the foregoing example of the occupant detection
system, QDF was deployed to identify various driving
situations encompassing everything from vehicle entry,
through driving, to vehicle exit. For example, consider
a situation where a greater portion of an occupant’s
gravitational force is transferred from the feet to the
vehicle floor during vehicle deceleration. It was confirmed
that the algorithm was capable of making correct judgments
based on the rate of vehicle deceleration envisioned in
real-world driving. If improvement is necessary as a result
of the validation exercise, the relevant information is fed
back to the basic algorithm design in step 2.

As explained here, the work of designing and
validating control algorithms is divided into the three steps
of principle algorithm design, basic algorithm design and
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real-world compatibility validation. The validation results
obtained in each step are accumulated in the form of
algorithm original drawings. Under this system, the
planning drawings applied in each new model development
project are created on the basis of these algorithm original
drawings and the results are reviewed by development
experts.

3. Implementation of Risk Assessment

The DR process involves thorough identification of
potential problems present in new technologies at the
design and development phases and the conduct of
reviews in each technical area until solutions have been
devised. Meanwhile, the development of world-first engine
mechanisms or technologies like an autonomous driving
system requires the management of various types of risk in
the development process. In addition to DRs centered on
technical discussions, at Nissan we implemented a project
management system based on risk assessment to reinforce
proactive prevention of potential problems and customer
dissatisfaction originating in new technologies. This section
describes the concept of quality risk assessment.

The timing for implementing quality and performance
risk assessments in the new vehicle development process
is shown in Fig. 8. For the adoption of new technologies,
the risk level is judged before a new model development
project is launched. That is done in order to determine the
development period and number of prototypes that will
be needed corresponding to the risk inherent in a new
technology. As shown in Fig. 9, a quality risk assessor is
appointed for each technical field of a new system or part.
The risk level is judged from the perspectives of innovation
level, safety concern, high warranty concern and high
volume part. Risks are categorized into three levels. For a
new technology having a high risk level, it is necessary to
decide in advance measures for mitigating any risk that
might surface at the development phase and the timing
for judging when to switch to a backup. For that purpose, a
quality risk management review was newly established that
includes participation by senior management responsible
for development matters. That was done to ensure that
prompt judgments can be made at the right time about
adding further risk mitigation measures or switching to a
backup.

These efforts are collectively referred to as quality
risk management, which is executed in a manner clearly
separated from design reviews centered on technical
discussions. This serves to reinforce the proactive
prevention of problems and customer dissatisfaction
originating in new technologies.

4. Certification System for Global Human Resources
Development

Having put in place structures and processes for
conducting DRs and quality risk assessments for proactive
prevention of problems and customer dissatisfaction with
new technologies, it was necessary to develop human
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resources capable of correctly understanding and executing
these structures, processes and standard tools. At Nissan
we implemented a new training program corresponding
to the new DR processes and also constructed a human
resources development program based on a DR certification
system and implemented it globally. This section describes
the current progress of these programs.

As shown in Fig. 10, Nissan has implemented a four-
level certification system corresponding to the overall DR
structure. Quick DR Crew is certification for conducting the
Quick DR process. The training program is incorporated
in the required training program of the R&D division and
enables all engineers to obtain the related skills. A Quick
DR Pilot is a person who has responsibility at the DR
preparation step and is obligated to obtain certification at
the manager level in the R&D division. Employees receive
certification at the point where they have conducted the
Quick DR process and reported the results to an expert on
quality and reliability and are judged to possess the
necessary skills.

DR Reviewers possess the certification of a Quick DR
Reviewer and are selected from among the deputy general
manager class by the general manager of each department.
After completing reviewer training to cultivate a sharp
mindset as a reviewer from the perspective of coaching,
individuals report to a DR Expert the results of a review

R g g e e e = e g

Quality risk assessment fields

Engine
Drive train
EV / HEV system
Lithium-ion battery
Chassis
Body / Control / Fuel system
Interior / Exterior
Seat / HVAC / Safety device
Electric hardware / Software

Connected car service
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they have personally conducted, as prescribed in the
certification program. Gaining practical review experience
as a DR Reviewer is a necessary requirement for being
certified as a DR Expert in the future.

Human resources are being developed through
training at Nissan’s global R&D centers. As shown in Fig. 11,
training has been conducted at 13 R&D centers globally to
date. As of the end of fiscal 2016, nearly 12,000 employees
had completed Quick DR Crew training.

The Quick DR Pilot certification program was started
first in North America and Europe and has now also been
implemented at R&D centers in China, Taiwan, India,
Thailand and Brazil. 220 employees had been certified as
of the end of fiscal 2016.

DR Experts and DR Reviewers are being trained
systematically in technical fields where reviews are deemed
necessary at R&D centers in Japan, North America, Europe
and China. As of the end of fiscal 2016, over 150 employees
had been certified as DR Experts or DR Reviewers and were
actively conducting design reviews.

5. Conclusion

At Nissan, we have reinforced our design review (DR)
processes based on the trends in new technologies in
order to proactively prevent problems and customer
dissatisfaction with new technologies incorporated in new
models following their release. Continuous efforts are also
being made to develop the necessary human resources for
executing these processes. In addition, a risk assessment
system for quality and performance has also been
implemented to reinforce quality risk management from
the perspective of corporate management. There is no end
to the work of further improving these processes and
systems. We want to further refine our processes and
systems in the future based on thoroughgoing reflection
of the results of customer satisfaction surveys and reports
of troubles and customer dissatisfaction so that we can
secure levels of quality which we can deliver to our
customers with pride.
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Fig. 11 Global expansion of design review training
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Enhancement of Activities to Improve Global New Model Launch Quality
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Summary At Nissan Motor Company, the design and manufacturing divisions have been working
closely together these past ten years in quality-related activities, such as quality variation control, at the
preparation phase of mass production to secure new model launch quality. In recent years, along with
the expansion of global production, there have been increasing cases where mass production has been
launched first overseas. Accordingly, further enhancement of quality activities became necessary. One
such activity is the implementation of organizational efforts to ensure consistent proactive prevention
(Mizenboshi) throughout the entire process from the design concept phase in Japan to the start of mass
production overseas. This has contributed to ensuring new model launch quality in production overseas.
These activities have been applied continuously in overseas production operations. This article
describes these activities, citing specific examples.

Key words : Production Engineering, quality, quality improvement activity

1.1 U & [C 1. Introduction

The design and manufacturing divisions at Nissan
have been jointly implementing quality improvement
activities, especially efforts to control quality variation,
over the last ten years for the purpose of improving new
model launch quality. In this connection, organizational
efforts have been initiated whereby design engineers
themselves go to manufacturing workplaces to check
parts, vehicles and processes in order to confirm that
everything is in accord with the design intention. These
efforts further reinforce consistent quality improvement
activities extending from the design concept phase to the
launch of mass production. Accompanying the expansion of
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global production, the following three efforts in particular
have been reinforced for the purpose of improving quality
in the mass production preparation phase at overseas plants.

First, we have strengthened our design review (DR)
activities that are consistently carried out from the digital
phase to the physical phase through close coordination by
the design and manufacturing divisions. The purpose here
is proactive prevention that was mentioned in the preceding

* B SRR R AT HE R, Product Design Technology Evolution Department ** 5T 54 2l #2417 %8, Vehicle Quality Engineering
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article. (Further details may be found in the article entitled
“Design Review Evolution to Prevent Problems and
Dissatisfaction with New Technologies”.)

The reason for doing that was because it became
necessary to further strengthen coordination between the
design and manufacturing divisions owing to increasing
cases where mass production preparations are undertaken
overseas without first launching mass production in Japan.
Toward that end, experts in every technical area, for
example, the powertrain, body, chassis, interior/exterior
trim parts and electronic device parts, also now continuously
take part in activities in the physical phase. This serves
to reinforce consistent proactive prevention activities
based on DR results, from the design concept phase to the
launch of mass production overseas.

Second, we have also further strengthened our
activities that have been carried out heretofore to control
quality variation. Previously, techniques for suppressing
quality variation that were established in production
processes in Japan were then deployed in overseas
production operations. However, for an increasing number
of vehicle models quality assurance must be established
first in production processes overseas. To cope with this
situation, we put in place a system for closer coordination
among experts, design engineers and production engineers.
We also strengthened our efforts to control quality variation
in materials, parts and processes in overseas manufacturing
workplaces.

Third, we added new activities for confirming the
quality of parts used on models that are produced in
multiple geographical areas. That was done because an
increasing number of parts are now produced locally in
each area based on the same design. Even though globally
produced parts have the same design, changes might
possibly occur between the parts for which quality was
initially assured and parts that are subsequently produced
in other areas. To deal with such changes, we initiated an
activity to confirm the quality of parts by reviewing the
possible influence of such changes on quality. The Quick DR
method was applied here that focuses on design changes.

The organizational efforts of experts and design/
production engineers at the mass production preparation
phase to improve global new model launch quality are
collectively referred to as the “safe launch activity” (Fig. 1).

This article describes the quality improvement
activities being deployed globally, citing several specific
examples.

2. Reinforcement of Proactive Prevention Activities
in Global Production

Most cases of global production to date have involved
the completion of mass production preparations in Japan
for launching production of a new model followed by
subsequent expansion to overseas production. However,
cases where mass production preparations are carried out
first for overseas production have been increasing in
recent years. Consequently, it became necessary to
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implement measures for conducting proactive preventive
activities consistently without any interruption from
the digital phase through the physical phase to the
preparations for mass production. In short, that meant
making it possible to implement organizationally
confirmation of materials, parts and processes in
manufacturing workplaces at the mass production
preparation phase overseas, based on the design intention
and DR results obtained at the design concept phase in
Japan.

To accomplish that, we initiated an organizational
activity whereby the experts participating in DRs and
design and production engineers work together to conduct
such confirmation at the mass production preparation
phase based on the design intention and DR results.

This activity was first adopted in North America
where new model launch projects and sales volumes are
the largest. For example, for North American production
of the Murano that went into mass production in 2014,
confirmation of materials, parts and processes in
manufacturing workplaces was carried out centering on
manufacturing measures that were determined on the
basis of Quick DR conducted for over 20 items at the design
concept phase. This activity contributed to reflecting local
manufacturing requirements in the design at an early phase
of mass production preparations and also to eliminating
entirely any design changes from the mass production
preparation phase onward.

This activity greatly contributed to improving the
quality level of the new model immediately after the sales
launch. The results obtained in North American production
operations are now also being expanded to production
operations in Europe and China.

3. Reinforcement of Activities for Controlling Quality
Variation in Global Production

We have continuously developed technical solutions
and applied them to products as specific measures
for controlling quality variation. Examples of the
implementation of new activities like those described
above for controlling quality variation in overseas
production are also increasing. For example, a challenge
GO0V OOVOVOVOVOOOOOVOVOVOOOOOOC
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was undertaken to improve the Fit & Finish quality of the
Infiniti G30/GX30 built in Europe. In addition to applying
the quality variation control techniques established in
Japan, a local activity was initiated to reduce by half the
variation in gaps between body panels. A team consisting
of experts and design/production engineers was formed,
and the quality variation control process shown in Fig. 2
was carried out locally in the same way as is done in Japan.

Based on customer expectations concerning the Fit &
Finish quality of the Infiniti, a top-level target was set for
reducing by half the dimensional variation in body panel
gaps. The function deployment method was used to assign
system characteristics exhibiting variation to parts
characteristics hierarchically without missing anything and
then to gather up the body panel positions and tolerances.
Based on this function deployment, a design sensitivity
analysis was conducted to find the central values of system
characteristics and the sensitivity of parts characteristics
to variation. The central values of parts characteristics
were determined from the two perspectives of improving the
central values of system characteristics and controlling
variation.

A variation effect analysis was then conducted by
analyzing the influence on variation in parts characteristics
in relation to the variation in system characteristics.
Production control items were then selected as important
control characteristics.

As a specific example, the following discussion
describes how the dimensional variation in the door panel
gap was reduced by half. Based on the design sensitivity
analysis and variation effect analysis, two important control
characteristics were determined for processes involving
the Fit & Finish quality of door panels. One was the
difference in position between upper/lower door hinges and
the other was the distance between the doors and body
panels, i.e., body seal interface distance. These two items
were incorporated in Quality Variation Characteristic
Control (QVCC) as production control characteristics and
added for production accuracy control.

The difference in position between upper/lower door
hinges in particular had an especially large impact as a
production control characteristic. For the purpose of
reducing its variation, a structure was adopted at the
design concept phase that allowed the central value of the
door hinge position to be adjusted. However, when this
activity was applied at the phase of local mass production
preparations, it was found that large measurement error
occurred with the conventional method of measuring the
central position of the hinge pins when an imaginary line
from that position was used to calculate the difference in
position between the upper/lower hinges. Therefore, a
new measurement method was adopted whereby a rod-like
probe is inserted directly into the upper door hinge and
a disc-type measuring instrument is used to measure the
position of the lower hinge (Fig. 3). This new method
effectively reduced measurement error.

In addition, based on a study done by production
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engineers, a specialized jig was adopted for installing door
hinges at the positions within the standard range targeted
for them. The jig also incorporates a calibration function
that reduces change during use, thereby facilitating stable
production.

The activities described here for developing technical
solutions to control quality variation in overseas production
through teamwork by experts and design/production
engineers are being expanded to other geographical areas.

4. New Activity for Confirming Parts Quality in
Global Production

Many of the parts adopted on global production
vehicles are manufactured locally in a number of areas
based on the same design. A new activity became necessary
for ensuring the same quality between parts whose quality
has already been assured and have been put in production
(standard parts) and parts that are subsequently put in
production locally in other areas (target parts). It is
especially important to prevent proactively any problems
originating in subsequent changes made to parts whose
quality has previously been confirmed. For that purpose, it
is necessary to focus on aspects that have been changed
between different production locations without changing
the original design intention. For that purpose, the Quick
DR method that focuses on design changes was adapted
to pay special attention to such changes between parts.
As shown in Fig. 4, a new process and tool were thus
implemented for confirming parts quality effectively and
efficiently.

Similar to Quick DR, this process consists of four
steps. First, in step 1, target parts are selected whose
production location has changed. In step 2, changes are
identified by making a paired comparison between the
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standard parts that have already undergone quality
confirmation and the parts to be produced at a different
location. Furthermore, the impact of the changes on
quality is investigated and proposed countermeasures are
determined. In step 3, the proposals are reviewed and the
final measures are determined. In step 4, the process is
completed by confirming the application of the measures.
This process is called a part-on-part check (PP check) and
its standard tools are a Design Review Based on Failure
Mode (DRBFM), which is the standard tool of Quick DR,
and a PP check worksheet that is used in common with
DRBFM. Based on knowledge of Quick DR, which has
already been implemented globally, PP checks can be
conducted naturally as one part of proactive prevention
activities.

The PP check activity is conducted locally from the
identification of changes affecting quality to the review of
implemented countermeasures, based on teamwork by
experts and design/production engineers. This activity
was initiated especially for manufacturing in China where
many parts have been localized. Its application has been
expanded to the Murano and Maxima at the Xiangyang
Plant, the Rogue at the Dalian Plant and the Livina at
the Huadu Plant. For example, PP checks were conducted
for the Murano using parts made in North America as the
standard parts and parts manufactured locally in China
as the target parts. As a result, over 200 corrections
were made to the latter parts. This new PP check activity
contributes significantly to quality assurance by facilitating
effective and efficient proactive prevention activities for
localized parts that have been increasing in number with
the expansion of global production.

Besides production in China, this activity for
confirming quality has also been applied to the Navara
built in Spain to ensure quality, using parts made in
Thailand and Mexico as the standard parts.

5. Further Expansion of Activities to Global
Production

The preceding sections have described three
organizational efforts carried out jointly by experts and
design/production engineers, namely, reinforcement of DR
in global production, reinforcement of quality variation
control and the new PP check activity for confirming parts
quality. As shown in Fig. 5, since 2016 these activities
have been deployed globally at plants in Brazil, Mexico,
Thailand and Zhengzhou in China. A total of more than 1,000
experts and design engineers from Japan have participated
in local efforts to carry out consistent proactive prevention
activities. It is planned to continuously expand deployment
of these activities in the future.

6. Conclusion

Nissan has continuously carried out quality
improvement activities over the past ten years through
teamwork between the design and manufacturing divisions
to ensure new model launch quality, especially by controlling
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quality variation. As a result, quality has steadily been
improved. In addition, reviews of materials, parts and
processes in manufacturing workplaces by experts and
design/production engineers to ensure new model quality
have been continuously applied not only in North America
but also expanded globally. That has quickly and definitely
raised quality levels in every geographical region. Based
on these results, we are confident that continuous efforts
to carry out these activities will make quality assurance
for global new model launches even more definite in the
years ahead.

Finally, the authors would like to profoundly thank
everyone for their diligent efforts in carrying out these
activities in many manufacturing workplaces overseas and
ask for further continued cooperation in the coming years.
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Summary When putting a new technology on the market, shortening the development lead time
and ensuring a high level of product quality are both essential for product competitiveness. That is why
Nissan has implemented a new development process that facilitates more efficient and effective
proactive prevention activities such as design reviews and the safe launch activity through close
cooperation between the design and manufacturing divisions for securing high product quality while
adhering to the development schedule. This article describes the evolved development process for

quality improvement from the viewpoints of technology, systems and human resources.

Key words : Production Engineering, quality, development process
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1. Introduction

The development of a new vehicle is a vast project
involving large numbers of people and transcending
organizational lines. In order to proceed with such a
project smoothly, it is essential to make clear the
connections between the work of each organization and
the standard schedule. Accordingly, at Nissan we have
defined a “development master process” and have put in
place a system for advancing the work efficiently without
leaving out or overlooking anything. Defining the
development process in this way not only makes it possible
to shorten development lead time, it also enables
competitive products to be continuously created efficiently.
The development master process shows a consistent flow
of activities from product development to mass production
in which all departments involved in monozukuri can work
together organically and efficiently. It provides a road map
for all departments to follow in carrying out their activities
(Fig. 1).

Similarly, quality improvement activities are also
consistently carried out from product development to mass
production in the course of developing a new vehicle. They
are not special activities done during a limited period of
time, but rather efforts that all departments involved in
monozukuri must continuously undertake. Accordingly, it
goes without saying that quality improvement activities are
a core aspect of new vehicle development. The details of
these activities are incorporated in the development master

ke — ]
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process and indicate the work that must be continuously
carried out in a reasonable manner.

A preceding article (“Design Review Evolution to
Prevent Problems and Dissatisfaction with New
Technologies”) described the reinforcement and evolution
of quality improvement activities such as design review
(DR) processes and the safe launch activity. The
development master process has also undergone similar
evolution. This article describes the newly evolved
development master process.

2. Transition from New Technology Development to
Project Application

A preceding article described the implementation of a
quality risk assessment system because of the need to
manage various risks that occur in the development
process. This system is applied to the development of new
technologies such as an all-new engine or the adoption
of autonomous driving technologies that involve an
exceptionally high level of technical difficulty and
simultaneously encompass an enormous scale of
development work. In the product development process,
one key point is to begin preparing proactive prevention
measures at the advanced engineering stage upstream
from product development; another key point is to link
those measures seamlessly to the subsequent development
project.

For that purpose, the following two points have been
newly incorporated in the master development process.

(1) To clearly define the readiness requirements for
transitioning a new technology at the advanced
engineering stage to project development

(2) To validate the risk assessment based on a Full Process
DR

These points make it possible to take early action
against an envisioned risk, such as an extension of the
project development schedule, an increase in the number
of prototype vehicles or a need to add more resources.

The essential point of quality improvement activities is
to continue them consistently from design to production.
Accordingly, efforts have been added to begin preparing
quality improvement activities from the advanced
engineering stage, which is an earlier upstream process.
As a result, this has made it possible to start quality
improvement activities earlier (Fig. 2).

2.1 Readiness requirements for transitioning a new
technology from the advanced engineering phase to
project development

Generally, when a new technology is adopted for a
project, it has first undergone development at the advanced
engineering phase and it has been confirmed that the targets
set for design quality, performance, manufacturability,
cost and other criteria can be met. That status is referred
to as Advanced Engineering Out (AE-Out). Subsequently,
the technology is transitioned to the project development
phase. However, along with the growing sophistication and
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complexity of new technologies, the more rigorous technical
challenges involved may present a risk to the attainment
of the project goals. Should such a risk emerge, it could also
impact the development schedule and necessary resources.
Therefore, it has become critical to confirm these aspects at
the stage when a new technology is about to be transferred
to project development.

Previously, AE-Out status was defined in the
development master process as the readiness requirement
for the adoption of a new technology in a project. In
addition to that, we have also newly included in the
development process the requirement that activities be
undertaken to make clear any risks involved in applying
a new technology to a project and to prepare necessary
countermeasures.

Moreover, with regard to the timing for incorporating
a new technology in a project, we have also prescribed a
control time limit for facilitating the seamless conduct of a
Full Process DR that is to be implemented after a new
technology is applied to a project.

2.2 Risk assessment validation based on Full Process
DR

Once it has been decided to apply a new technology to
a project, it undergoes a DR process that is determined
according to the newness of the technology. The
development progress of the new technology is managed
in tandem with management of the progress milestones of
the project. Milestones are defined for confirming the
degree of target accomplishment. Previously, the DR
mainly confirmed the degree of accomplishment of
technical aspects, which was reported at project milestone
meetings. In the new process, the results of a risk
assessment made at every milestone are also positioned as
a key factor for judging the progress of the project. For
example, suppose that the quality risk assessor decides
that the development schedule must be extended or that
additional resources are needed to avoid risks detected in
various types of DRs. A system for escalating action in that
case has been put in place. While the project is already
under way, the key persons involved hold discussions and
make a proposal to the company executive responsible for
the product at a project milestone meeting and get his
judgment on how to advance the project.

This system clearly separates the roles of the design
reviewers and risk assessors. Reviewers focus simply on
identifying and resolving technical issues together with
development, testing and production engineers. In other
words, this system also supports the reviewers so that
they can make impartial judgments based only on purely
technical perspectives.

3. Evolution toward Improvement of New Model
Launch Quality

A preceding article (“Enhancement of Activities to
Improve Global New Model Launch Quality”) described
the safe launch activity, which is aimed at improving



RENETH ZHMIC UcRAETOEADEL

HVEEEL . BandEn EE HiET, B A —Tut

IZBWTId, ZFa— OVZEkat, A, BE, 2L T
TIAXEOEHEIE TR L. BIRE DI  FEFTT
ELL9%LDIITHLEVIEREZFF->TnL, bHEAHA,
TULATERLTWE 7O 27 NOEHERE ) >
LEREOMREIT) L bEETH DL, ZOEENIFE 4
HALL, S CREFEOT ESYMEEFI 7747 74—
V] OFfEL LTEERVEDSITE2>TETWA,

D XD % T 4 VIV T ORI R RREE B % Ak I
7 S FEITTH-OICHE IO ADORE L 217572, B
RENIFREA RS MO ) = FE A L% IEE L, 0¥
Te el EA XY M RBRITEERG T T4 % PDCA
(Plan-do-check-action) A4 27 V&ML 720

4. JOBRAWEDKRL YV b

DR. t—7u0—FHEICHIG L 2B 5 7 0 2 A
bR LT &2 BRI E A SRS 7 u A
DEREELZ5E, LT THHEEZ b,
HPEHASIEA HIE L C & 7ol ) LiGEhis
OA Ny 7 e B LN RIGETHL L
@L(}lLI*iﬁ‘%unﬁaﬁli%fr’\) ol
@RF P OAEEFTB LA THL L
@OHETZTTh AE. WEH, 774 Y od#Eigs)C
LD TRIRN ZIEE CTH D &
Thb, INHITHILLTHETDLADH#LEE X 5%
HIE, Z20RA 2 ME [HBIKIKO T 23N XL B O
I, 2FV) A7 F =TV AL ML D EHN R IGE
FEY L, 20 TS @l#XA~bﬁ&mm ZRIER
ﬂﬁ%ﬁ5lkf%% T2, [BEBROMFIISZ ST

%Eﬁi@@%?b%éﬁ%&7n%x®%ﬁjéﬁ
?&’C‘%V)\ FA7=2Bldvo, 728, Z, 7, Z—HH
DOHALFE TREHNIHE L T 5,

Z LT, COMEREZ T 5 2 &A% Bk Eom Lk
IZoBDHEEZ TS (M3BM) .

R e e e e e e e

Start Design Start of
validation spec freeze production

[ Digital lot |-¢-}} [ ] v- V- vl
Evaluate all m
a AE Enhance prototype performance from  design specs
o3 complete vehicle quality customer POV by confirming
o=} and fix all actual parts

& -
P Project management
O |

Enhance prototype Identify production problems Prepare

vehicle quality | (manufacturing processes and parts)|  mass
and fix all issues quickly production

1222255 0020004

K-3 HRYAY—TOCADER
Fig. 3 Concept of development master process

&

Prevent

shipment
of problem

vehicles

Manufacturing

product quality through teamwork by all the functions
involved in monozukuri, including manufacturing,
procurement and suppliers, not just the R&D division.
The development master process takes into account global
collaboration by design, manufacturing, procurement and
also suppliers and is intended to enable everyone concerned
to carry out their work in a reasonable manner. Naturally,
it is linked to the management of the project milestones
defined in the process and it is also important to confirm
their degree of accomplishment. These activities have
continued to evolve every year and now occupy an important
position as a firewall function responsible for ensuring
new model launch quality.

The development process has been reviewed and
improved such that these new validation activities in the
physical phase can be continuously and readily carried
out. Specifically, the lead time between prototype events
has been extended and new prototype events have also
been provided so as to ensure that the plan-do-check-act
(PDCA) cycle can be sufficiently performed before the
mass production launch.

4. Key Process Improvements

The preceding sections have described how the
development process has evolved in line with the DR
system and safe launch activity. In terms of overall quality
improvement activities, the following points are significant
in the development process. The quality improvement
activities Nissan has implemented have been aimed at:

(1) continuous activities that emphasize the accumulation
of technologies,

(2) implementation of quality improvements from
upstream processes,

(3) consistent activities from design to production, and

(4) effective and efficient activities through collaborative
efforts by manufacturing, procurement and suppliers,
in addition to the design division.

If we consider the evolution of the development process in

line with these activities, the key point is to shake off the

old habit of “just try to keep going no matter what.” In

other words, we need to anticipate rational countermeasures

based on risk management and let development experts

make technical judgments impartially. It is also essential

to achieve a fine-tuned process in which quality improvement

activities can be carried out decisively in response to

customers’ expectations. Toward that end, we define in

detail who should do what by when and why on a weekly

basis.

This good environment is continuing and we believe
it will lead to further improvement of product quality
(Fig. 3).

5. Conclusion

The improvements made to the development process
described here were intended to lead to new organic
activities for the purpose of further improving product
quality. The quality improvement activities that heretofore
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have been undertaken individually are now clearly defined
in the development master process. This enables everyone
involved in product development to carry out quality
improvement activities continuously, sharing the purpose
and goals of consistent activities from design to
production.

We believe that the function the process development
group must discharge is to persistently improve our
systems so that we can reflect carefully on every issue that
occurs in the product development process and respond
sincerely to things that are pointed out by customers.
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Summary

A CVT variator chain system is superior in transmission efficiency to a belt system

because of its lower internal friction. However, a chain produces more noise than a belt due to the long
pitch length of contact between the pulleys and rocker joints. The method described here focuses on
optimization of the pitch sequence for reducing chain noise. The previous pitch sequence was suitably
combined of links of different lengths to improve noise dispersibility for reducing chain noise. A hybrid
genetic algorithm, combining a genetic algorithm and local search, was developed in order to search
widely and deeply in multimodal design space for global optimal solution. The new hybrid genetic
algorithm reduced chain noise by 2.8 dB while providing a good balance of chain strength and

efficiency.

Key words : Power Transmission, CVT, variator, drive chain, chain noise, pitch sequence, genetic

algorithm
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1. Introduction

A continuously variable transmission (CVT) variator
chain is superior to a belt system in terms of transmission
efficiency because it has less internal friction. However, a
chain has an inherent structural disadvantage with respect
to noise and vibration because of the long section (pitch
length) of contact between the pulleys and the rocker
joints (Fig. 1). Table 1 compares the relative advantages
and disadvantages of chain and belt systems.

Examples of the principal measures taken to reduce
chain noise include shortening the pitch length (shorter
pitch) and varying the link pattern (pitch sequence).
However, there is a limit to how much the pitch length can
be shortened because it affects the chain’s torque capacity
and strength.

Therefore, attention was focused on improving noise
and vibration performance by optimizing the pitch
sequence, which has much less effect on torque capacity
and strength. The previous pitch sequence suitably
combined different pitch lengths to improve noise
dispersibility, which worked to reduce the peak level of
1st-order chain noise.? First-order chain noise refers to the
order (i.e., the number of vibrations per chain rotation)
determined by the number of rocker joints. In addition, the

I8 — N LA VIEATHN B %5, Powertrain Advanced Engineering Department ** 5547 LM M RER %45, Advanced Vehicle

Performance Engineering Department
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Table 1 Comparison between chain and belt systems
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Noise - Reference
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number of rocker joints of the chain has a perfect power in
relation to the number of types of pitch lengths in the pitch
sequence combination. That makes it difficult to calculate
all the possible link patterns because of the enormous
calculation time involved. Therefore, it was necessary to
develop an optimization method to overcome this problem.

This article describes how the peak level of 1st-order
chain noise was reduced by utilizing the masking effect
of the interior background noise, the level of which
characteristically increases as the frequency decreases.
That was accomplished by shifting the chain noise energy
from the 1st-order mesh band of + 20 orders (region A in
Fig. 2) to the low frequency side (region B). A new hybrid
genetic algorithm (GA) was used to optimize the pitch
sequence as indicated in the figure.

2. Development of a Pitch Sequence Optimization
Method

2.1 Evaluation method for pitch sequence

Figure 3 shows the pitch sequence that served as the
reference for optimization. The x-axis shows the rocker
joint number and the y-axis shows the ratio of the long
and short pitch lengths. As indicated in the figure, the
previous pitch sequence consisted of a combination of two
types of pitch lengths.

The frequency characteristics of the pitch sequence
were evaluated with the following method. (1) The pitch

R I

. 1 mesh order
AN _ Background noise W

Reference

Pitch sequence
optimization

Noise level [dB]

Short pitch length

v

Order (=frequency)

-2 FI—Y/AXZEOIVETH
Fig.2 Concept for improving chain noise

Short] pitch  Long pitch

/ /
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Rocker joint No.

Pitch length ratio (long/short)

-3 EvFy—5UR
Fig. 3 Pitch sequence
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Fig.4 Fast Fourier Transform (FFT) analysis results for
pitch sequence

sequence is converted to an excitation force waveform
represented in a time history. An excitation force waveform
refers to the time history response, the amplitude of which
is determined by the pitch length. (2) A frequency analysis
is performed on the excitation force waveform for one
rotation of the chain as one cycle (Fig. 4). (3) An evaluation
is made of the frequency characteristics based on the object
function explained in the next section.

The region of the 1st-order mesh is defined here as a
range of +20 orders in relation to the orders of the
1st-order mesh band that is determined by the number of
rocker joints in the chain. A low frequency area and a high
frequency area are defined on either side in relation to
the center of this region. In contrast to a single pitch
sequence consisting of only one pitch length, the frequency
characteristics of the excitation force produced by the
reference pitch sequence were intended to improve the
dispersibility of chain noise (Fig. 4). The most important
point for improving noise and vibration performance is to
reduce this peak level of 1st-order chain noise.

2.2 Object function for optimization

As shown in Fig. 5, target levels (upper and lower
limits) were defined for the vibration characteristics
of chain noise in order to evaluate the frequency
characteristics of the excitation force produced by the
pitch sequence. If the vibration characteristics of chain
noise were within the target range (blue region in the
figure), the pitch sequence was deemed to be good. The
amount extending beyond the target range was evaluated
as the nonconforming quantity q as defined in Eq. (1)
below.

q = Xisol{min(4; — L)}? + {max(4; — UD¥’] @

where the symbols were defined as noted below. The
nonconforming quantity q was defined as the object
function for optimization and the aim was to minimize q.

A; : excitation force level of the 7th order

L; : value of the lower line (lower limit value) of the :th order
COOOOPOOOPOOOOOOOPOOOOOVOOOOOOOOOOOOOOOO
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Excitation force level [dB]
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Fig. 5 Object function for pitch sequence
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U; : value of the upper line (upper limit value) of the /th order

The upper and lower lines (U}, L;) used for minimizing
the nonconforming quantity q were defined as follows:
(1) Low frequency area

On the low frequency side, apart from chain noise, the
vehicle interior noise (i.e., background noise) is dominant,
so a relative increase in chain noise is allowed (Fig. 6).

The optimization exercise was aimed at shifting
the chain noise energy from the vicinity of the 1st-order
band to the low frequency side and using the interior
background noise effectively to mask chain noise. For that
purpose, the upper limit line on the low frequency side
was set high in relation to the reference pitch sequence,
and the lower limit line was also set so as to promote the
shifting of the chain noise energy.
(2) 1st-order band

The reduction target set for the peak level of 1st-order
chain noise was defined as an equivalent reduction of 3 dB
to be achieved by shortening the pitch length by one class
(e.g., 87 mm pitch length). The upper limit line was
defined at 3 dB below the reference.
(3) High frequency area

On the high frequency side, interior background
noise is low, so no masking effect for chain noise can be
expected. For that reason, the peak chain noise level of the
reference pitch sequence was selected as the upper limit
line on the high frequency side so as to keep the noise
level from becoming worse than the reference.
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2.3 Visualized design space of pitch sequence and
essential requirement for the optimization method

As the first step in developing an optimization method
suitable for the design space of the pitch sequence, the
features of the pitch sequence were clustered to visualize
the design space as shown in Fig. 7.2 The design space
was defined here as that formed by the peak level of
1st-order chain noise (z-axis) and the degree of similarity
of the frequency characteristics of chain noise (x- and
y-axes) found from the specifications of each pitch
sequence.

In the visualization analysis based on clustering, 300
types of pitch sequences were used that had been extracted
from the results of optimization calculations performed in
advance over a long time using a genetic algorithm. Three
types of pitch lengths were used as the GA simulation
conditions: short pitch, medium pitch (short/medium pitch
ratio = 1.2) and long pitch (short/long pitch ratio = 1.3).
The initial values allocated to the pitch length proportions
were approximately 70% short pitch, approximately 10%
medium pitch and approximately 20% long pitch.

The visualization results revealed that the pitch
sequence had a multimodal design space in which there
were many local optimal solutions. In searching for the
optimal solution in such a multimodal space it is difficult
to reach a global optimal solution because there is a
tendency for the process to fall into a local optimal solution
depending on the initial values and the search path used.
Another aspect is that the relationship between the pitch
sequence and the frequency characteristics of chain noise
is strongly nonlinear and discontinuous. Simply changing
one short pitch to a long pitch greatly changes the
frequency characteristics of chain noise in all frequency
regions.

The foregoing results indicated that the essential
requirement for the pitch sequence optimization method
is that it must possess functions for conducting both wide-
range searches and deep searches in narrow regions.

B o - o R -

Repeat procedure using selected pitch sequence as the target one

X-10 BFFEROIJO—Fv—h

Fig. 10 Flow chart of local search
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2.4 New hybrid genetic algorithm

A new optimization method was developed specifically
for optimizing the pitch sequence because its design space
is profoundly multimodal. This method employs a hybrid
genetic algorithm (hybrid GA) that combines GA-based
global optimization with a local search procedure. Both the
GA and local search continue previously used methods,»”
to which other algorithms were added and modified
specifically for optimizing the pitch sequence.

The newly developed hybrid GA conducts the
optimization process through the repetition of steps 2 to 4
in the following four-step procedure (Fig. 8).

« Step 1: Population generation

First, a pitch sequence combining different pitch
lengths at random is generated and divided into several
populations.

e Step 2: GA-based global search

Following the flow chart in Fig. 9, each population is
optimized independently using the GA. In this way, a
search is then made for a pitch sequence with desirable
vibration characteristics in the vast and complex design
space.

e Step 3: Local search

A search is made for a pitch sequence with more
outstanding vibration characteristics in the vicinity of the
design space in which the individual populations are
scattered about. The local search is conducted according
to the flow chart shown in Fig. 10.

« Step 4: Exchange

Pitch sequences with excellent vibration
characteristics are copied and shared among the
populations. It is expected that multiplying them will
produce a new and excellent pitch sequence.

2.5 Results of pitch sequence optimization

This section presents the results of a pitch sequence
optimization performed for arbitrarily selected link types,
pitch ratios and pitch length proportions. A pitch ratio
combination and pitch sequence with excellent vibration
characteristics were found as a result.

Three types of pitch lengths—short, medium and
long pitches—were used as the initial values in the
optimization exercise. Their proportions were
approximately 70% short pitch, approximately 15% medium
pitch and approximately 15% long pitch. The pitch length
ratios of the medium pitch/short pitch and the long pitch/
short pitch were combined in a range of 1.1 to 3.0, and a
parametric study and optimization exercise were carried
out.

The pitch sequence in the global optimal solution thus
obtained had pitch length proportions of 75% short pitch,
10% medium pitch and 15% long pitch. The pitch ratio of
the medium pitch/short pitch was 1.24 and that of the long
pitch/short pitch was 1.70. The frequency characteristics
of the chain noise in this global optimal solution are shown
in Fig. 11. Compared with the results for the reference, the
level on the low frequency side of the optimal solution was
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markedly raised. This indicates that by using the object
function and a large pitch ratio, the chain noise energy was
shifted from the vicinity of the 1st-order mesh band to the
low frequency side as intended.

3. Conclusion

A hybrid genetic algorithm (hybrid GA) was
developed as an optimization method for improving the
noise and vibration performance of the CVT variator chain
system. As described here, this method combines a GA
that is well suited to the unique multimodal design space
of the pitch sequence with a local search procedure.

(1) An object function was defined for using the
background noise of the vehicle interior effectively to
mask chain noise on the low frequency side.

(2) Clustering was used to visualize the unique design
space of the pitch sequence, which revealed that it was
multimodal space.

(3) The newly developed hybrid GA was used to find an
optimal pitch sequence that reduced the peak level of
1st-order chain noise by 2.8 dB compared with that of
the reference pitch sequence. That improvement
corresponds to a shorter pitch length of one smaller
class.
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Development of Technology for applying High-brightness Colored Aluminum
to obtain High-chroma and High-contrast Body Color
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Summary

We developed the technology for applying high-brightness colored aluminum to obtain a

high-chroma, high-contrast orange body paint color using the conventional auto body painting process.
To achieve the target design, it was necessary to optimize the surface shape of the colored aluminum
pigments and their content. It was found that the optimal additive content was twice the normal amount.
As a trade-off, that affected the paint appearance. By optimizing the flatness ratio (aspect ratio) of the
colored aluminum pigments and the clear coat material, the technology was established for achieving

both the targeted design and paint appearance.

Key words : Materials, paint, smoothness, colored aluminum, aspect ratio
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1. Introduction

Neutral colors like white, black and silver occupy
large portion of vehicle body colors not only in the
Japanese market but also in global markets.”? However,
vivid colors, i.e., high-chroma paint colors, are important
for creating a strong impression of the vehicle styling.
In addition, color is an extremely important factor in the
product strategy of vehicle manufacturers, because
attractive body colors greatly influence consumers’
purchase intention.

This is the reason to be engaged in fierce competition
in recent years to develop attractive colors. Along with
this, a beautiful mirror-like reflection (image clarity) is
also required of automotive body paints.

A vivid red color has been seen on products with
increasing frequency in recent years. It is reported that
this paint has a multilayer film configuration consisting
of a tinted clear coat containing nanometer-size pigments
and different base coats applied in two passes through the
top coat painting process. However, there are cases where
this approach causes an issue by affecting production
capacity.?

We have been working to develop a high-chroma,
high-contrast paint color that has the conventional paint
film configuration. This article describes the technical

*HLRFATEH 38, Body Engineering Department  ** #4 £H% 4115, Materials Engineering Department —*** ¥ g H A5, Paint

and Plastic Engineering Department
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Fig.1 Visual evaluation

issues involved in this development project and the
solutions adopted to resolve them.

2. Definition of Development Target

2.1 Benchmarking

A survey was conducted to investigate market trends
concerning the wide range of colors for achieving high-
chroma, high-contrast paint colors. An orange color was
selected as a hue having a low level of high chroma that
characterizes red. In order to define the development
target, a visual evaluation was made to benchmark
production vehicles and prototypes. The results are
presented in Fig. 1. The results indicate that vehicles
received a higher evaluation, the more their paint color
exhibited high levels of both vividness and contrast (shade
feeling). Accordingly, these properties were selected as an
index of the design target.

2.2 Selection of measuring instrument
1) Method of measuring paint color

Paint colors were measured and evaluated using a
multi-angle spectrophotometer (5 angles) made by
X-Rite.®
2) Method of measuring image clarity

Finishing appearance was evaluated using a Wave-
scan DOI (distinctiveness of image) meter (BYK-Gardner).
Uneven paint surface were classified into six wavelengths
(dullness: < 0.1 mm; Wa: 0.1-0.3 mm; Whb: 0.3-1 mm; Wc:
1-3 mm; Wd: 3-10 mm; We: 10-30 mm). The contribution
of each wavelength to image clarity was calculated with
an algorithm and evaluated using Nissan’s unique paint
smoothness value that is close to natural vision.

2.3 Selection of characteristics to be measured
The data measured with the multi-angle
spectrophotometer for the production vehicles and
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-.(1) Vividness
120 ({2
S & Target I\
100 e
o, -
E g
< 80 - - Sy
> «. Competitor A g
o] 2
g Competitor B ©
© 60 N
& g
o .
40 — - 77,.',
~ Current orange
............ #_
20 °©

15° 25° 45° 75° 110°
Highlight «— Evaluation angle — Shade
X-2 HBHABICHITDIEEZL

Fig.2 Chroma value as a function of evaluation angle

H ZE # #’ Nos1 (2017-10) 46



Development of Technology for applying High-brightness Colored Aluminum to obtain High-chroma and High-contrast Body Color

24 EERERDRE
HISICHERDL v FEEBDOHLEHEL v KOBEHE
Wx, EEEEBIEOBANPS Xy N/ T Ay b E

w72,
Wfﬂ@%&%%ﬁﬁ%%#‘%%ﬁ& St
5720120 [BEREERPERR-AfE] & [EeKEHt%E

ﬁ?é?»:%ﬂ®N~xéjmﬁﬁt&91w%o:@
WA EZB L7729 2T @EEELRICTRMED HE
HIFE A NS A T3S % i L 720

3. BRLER

3.1 ZEBEE{ERLAE

B |2 B A TR L OB L S 272, KGR
D RS L AW LR, (7T v v at
7) SEFKRN-ABPEBEL T, 7Ty a2t Tk
WZEFIFR 7 ) 7 & EEE L 140T x 204 CTHNE L ST
BB Z R L 720 WhbWAE3T 2y Nl 7Ty at T
EIFIEN A3 — ML R—7 TETEEL, KEZHED
15~30um, N"N—A10~20um, 7Y 730~50um®»D
HPHIZCHERL 720

32 R—REBOMHEIEE

ERE - EHaY NI A MNEERSELH12IE, miBo
W) [EEELEEHR- ] & [EePte AT %
TN IERONR—AJE] O ODEHENEETH S,
4fal, BEDQHMRTHETINS OREL ERT 5T
LT, BI—TNVIERHNCEH Lz BT — TV 3 R
ik, TIVI TV =27 ICBAb#kZ 1 y m LT o #ifE o —
TA Y7Ly THEICL)BOIELETHL, FiRE

D R e

Current red High-chroma red

[Bake [

[Bake|
¢ Primer surfacer 5

Bak (Baks

Clear P Cl < [ Transparent base_|
ph il st clear
composition -

Bake| Bake, ==
Primer surfacer Primer surfacer Primer surfacer

Normal 3 coats 2 passes Colored clear
Type (2 coatings, 1 baking)| (3 coatings, 1 baking)| (4 coatings, 2 bakings) (2 coatings, 1 baking)
Productivity © O X A
Attractiveness A O © ©

©: Excellent O: Good A:Fair X:Poor

X-3 ZIEBERDLE

Fig. 3 Comparison of paint film configurations

Bake .

Clear

Base gg g"“:

Primer

. 4 N— ngajnin lt_,\n_.\
Fig.4 Design concept of basecoat

47 NISSAN TECHNICAL REVIEW No.81(2017-10)

prototypes were plotted using the chroma value (C*)
specified by the International Commission on Illumination
(CIE). The results are shown in Fig. 2.

It is seen in the figure that the higher the paint colors
were rated in the visual evaluation, the higher was the
chroma of their highlighted region and the greater was the
difference in chroma between their highlighted and shaded
regions. Accordingly, the following two characteristics
were selected to be measured for high chroma and high
contrast.

¢ Vividness = chroma of C* at 15° (Fig. 2 (1))
 Contrast = difference in chroma AC* (15°-110°) (Fig. 2

@)

2.4 Selection of paint film configuration

Figure 3 shows the paint film configuration of the
current red and a high-chroma red with a record of actual
use in terms of their relative advantages and disadvantages
with respect to productivity and attractiveness.? Each
configuration has its own features, but it is seen that a
configuration for obtaining a high-chroma color has a high-
chroma semi-transparent base layer and an aluminum base
layer with strong specular reflection. Taking these features
into account, techniques were developed for achieving the
targeted design of the paint color using the conventional
painting process.

3. Results and Discussion

3.1 Method of forming paint film

A multi-layer paint film was formed in the following
process. An electrodeposition film was formed on the
metal surface and baked. Then, water-borne intermediate
paint coat was applied followed by water-borne base layer
coat before baking and low-temperature drying (flash-off).
After flash-off, a clear coat was applied and baked at 140°
for 20 min. to form the multi-layer paint film. This
represents a 3 coating-1 baking process in which three wet
coats are applied and one flash-off is performed. The paint
film thickness was in a range of 15-30 ym for the
intermediate coat, 10-20 pm for the base coat and 30-50 pm
for the clear coat.

D R e

Corn flake type Silver dollar type

-5 7ILZEHONFRIR

Fig. 5 Particle configurations of colored aluminum
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3.2 Base coat material design

As mentioned in the preceding section, there are two
key elements for achieving high chroma and high contrast: a
high-chroma semi-transparent base layer and an aluminum
base layer with strong specular reflection. Attention was
focused on the use of colored aluminum pigments as a
means of resolving these issues using the targeted conventional
process. A colored aluminum pigment refers to a pigment
that is produced by interference color by coating aluminum
flakes with a thin coat of iron oxide less than 1 pm in
thickness. The expected features include a high-chroma
semi-transparent layer formed with a single pigment and
also the strong specular reflection of aluminum because the
semi-transparent film attenuates only a little light owing
to its thinness. In other words, with this concept, the
function of the conventional 2-layer base coat is performed
by the colored aluminum alone (Fig. 4).

3.3 Examination of colored aluminum pigments

As illustrated in Fig. 5, the particle configuration of
colored aluminum pigments can be broadly divided into
the corn flake type and the silver dollar type. The corn
flake type has an uneven surface and because the ends
have jagged edges, there is a lot of light diffusion and a
low level of specular reflection. On the other hand, the
silver dollar type has a smooth surface and strong specular
reflection because there is little light reflection at the
edges. Consequently, it features a strong feeling of contrast
with a bright highlighted region and a dark shaded
region.?

The effect of these differences in the aluminum
surface on chroma was investigated by making colored
aluminum test pieces from each type and comparing the
results obtained. Figure 6 shows the difference in vividness
and contrast for the two types of colored aluminum pigments.
It is seen that the silver dollar type of colored aluminum
displays high chroma for the highlighted region and low
chroma for the shaded region. These features approach
the targeted design.

Figure 7 is a photograph of sunlight reflection on
plates painted with the two types of colored aluminum. The
silver dollar type of colored aluminum exhibits superior
contrast characterized by vivid and strong light reflection
in the highlighted region and darkness in the shaded
region. These results support the data in Fig. 6.

Based on these results, the silver dollar type was
selected for investigation as the colored aluminum pigment
to be used in this development project.

3.4 Investigation of colored aluminum content

The effect of the colored aluminum content on
chroma was investigated for the purpose of obtaining the
targeted high-chroma design. Figure 8 shows the paint
appearance as a function of the colored aluminum content.
The results indicate that the vividness C* value at 15°
for the highlighted region increased with increasing
aluminum content and saturated color.
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It was concluded from the results that C-3 was the
optimal colored aluminum content. On the other hand, the
paint smoothness value (image clarity) declined with
increasing aluminum content.

The C-3 content corresponds to approximately twice
the usual colored aluminum content. In addition, because
the pigments themselves are thicker, it was found that the
base coat surface was rough and that the paint appearance
(paint smoothness value) declined even though a clear
coat was applied.

3.5 Measures for improving paint smoothness
value

The following measures were considered for
improving the paint smoothness value: (1) reducing the
colored aluminum content, (2) improving the orientation of
the colored aluminum particles in the base coat, and (3)
using clear coat with little volumetric shrinkage. As the
first measure would degrade the design, it was decided to
implement the second and third measures.

3.6 Relation between aspect ratio of colored
aluminum and paint smoothness value

Because the roughness of the base layer degraded
the paint smoothness value, a measure was needed for
uniformly orienting the colored aluminum particles

horizontally. A study was made of the use of flat colored
COOOOCVOOOVOOVOVOOVOVOVOVOVOVOVOVOOOOOOVOOOOOOOOOS
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aluminum particles more conducive to a horizontal
orientation accompanying volumetric shrinkage during
the base coat drying process.

The aspect ratio (particle diameter/thickness) was
used as an index of flatness. Figure 9 presents the results
of an investigation of the influence of the aspect ratio
on the paint smoothness value. Two types of colored
aluminum with different aspect ratios were examined in
comparison with an ordinary silver aluminum. Paint was
applied using the method explained in section 3.1, and
acrylic melamine was used for the clear coat. The paint
smoothness value was measured for the electrodeposition
layer, intermediate layer, base coat and clear coat.

As shown in Fig. 10, a distinct difference in the paint
smoothness value is seen for the C-3 content, which was
found to be optimal for chroma. The results show that the
aspect ratio influenced the paint smoothness value, as
a superior paint smoothness value was obtained with
aluminum particles having a high aspect ratio.

Figure 11 shows the results of cross-sectional
observations made of the base coat for colored aluminum
A and colored aluminum B. The images reveal that the
colored aluminum B with a higher aspect ratio had a
higher degree of particle orientation and that the reflection
of fluorescent light was also superior for B (Fig. 11). These
results indicated that using flat aluminum particles was
effective for obtaining the desired paint smoothness value.

3.7 Investigation of effect of clear coat on paint
smoothness value

The use of flat colored aluminum B was found to
improve the paint smoothness value, but it was necessary
to improve this property further. An investigation was
conducted to study the effect of the clear coat for obtaining
improved paint smoothness value.

As shown in Fig. 12, acrylic melamine, which is

generally used as the clear coat of automotive paints,
B e e e e e e e e g
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Development of Technology for applying High-brightness Colored Aluminum to obtain High-chroma and High-contrast Body Color

VT THETZINVATIVREPT VI VRIBIZE 5
ARG DFEET Do — . BRIARF DHALRRLT 7Y
WL g RORIMIE S A TIEARFEPEAE Iz v
O, MO FICFS T A LEEZ HND,

A, TOUNATIVRETZIUNT LY VRO E
FUICTo ) T OGO EZRA L2, #REH131C
NERS

HIEIEDT 7 )V Ly RE Vs 2 LT, Wiy
WN—= LAV F TREMLUE DTS T 5 2 L ATb o 72,

4. #5 B

B - WY T AN ERERTECTER S5 L
LT, YT oMEREN ROBREREFESEHTH 5,
OEBBWHBET VI 2T LD E2ET LS

T =TI IERE V5,

@ 7NV I=y ARMIIERSFOHEN D WN—8F— 5 4

TR,

@7 ARZ NEOENH T =TV i, SO

KRN D 5o
@ BEMELE IS S A 7D 2 ) THERTH 5,

DibafEnirite L1080, MR RRICEED
MET TS L0, BEOHEERZERKL 72,

KX, L IT7aaartL LT, /—h
e-Power. X-Traill Z1Z Ud 7 a— N VIZii kRS, H
EDONT—7F v FALEIZERL T,

5.8 £ X M

D) AREF HROZ V=, ZOHT— ML v FEFHEb.
H ® ¥ T % 2. JAMAGAZINE. No. 49, pp. 1314
(2015).

2) AR I, BOBEL 7Yy T - 70y T2 (35
Ly FA%Y w7 BEORMSE, HEIHERM S, il
42 THi%E. No. 1-171, pp. 1847-1851 (2016).

3) XRitett: # 7 —I3Ia=Fr—varif F—ta%IEL
SAEZ B T2012—. pp. 2-16.
http://www.sdg-net.co.jp/products/x-rite/products_
detail/pdf/L.10-001_Understand_Color japdf (ZMH :
201647 H6H).

4) FEEE— © HBYHLAMR G OB E O B R Sl
FMPAT 2. KEPAT. Vol 67, No. 5. pp. 242248
(2016).

51  NISSAN TECHNICAL REVIEW No.81(2017-10)

undergoes volumetric shrinkage due to a dealcoholization
reaction. On the other hand, it was reasoned that the
additional reaction type such as an acid-curing epoxy resin
and acrylic urethane might contribute to improving the
paint smoothness value because they tend not to suffer
volumetric shrinkage.

In this study, an investigation was made of the effect
of acrylic melamine and acrylic urethane on the paint
smoothness value of the clear coat. The results obtained
for these two types are shown in Fig. 13. It was found that
the use of acrylic urethane with an additional reaction
improved the paint smoothness value to the level of
ordinary silver aluminum.

4. Conclusions

To the identified issues, the following material design
and solutions were found to be effective techniques for
achieving high chroma and high contrast with the
conventional painting process.

(1) The use of a colored semitransparent layer and a
colored aluminum pigment with strong specular
reflection.

(2) For the aluminum surface, the use of silver dollar type
pigments having strong specular reflection.

(3) Colored aluminum pigments with a high aspect ratio
are effective in improving the paint smoothness value.

(4) Clear coat with an additional reaction is effective for
improving the paint smoothness value.

As a result of incorporating the foregoing measures,
the target high-chroma design was achieved without
reducing appearance quality in terms of the paint
smoothness value.

The application of the Premium Corona Orange
developed in this project is being expanded globally.
Mainly, Note e-Power and X-Trail contributes in improved
color quality of Nissan brand vehicles.
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Summary

The new Micra was developed for Europe, the world’s biggest hatchback market, and

launched in March 2017. This fifth-generation Micra adopts various advanced technologies that bring
Nissan Intelligent Mobility to life. Its striking design and high-quality interior make it stand out from the
crowd, appealing to buyers looking for something more from their B-segment hatchback or to those
wanting to downsize their vehicle. This article presents a product overview of the new Micra.

Key words : Automotive General, new car, Micra
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1. Introduction

Released in March 2017, the new Micra was
developed to be a mainstay model supporting Nissan’s
business in Europe. It competes in Europe’s B-segment,
which is the world’s largest and most fiercely competitive
hatchback market with total Europe-wide sales of
approximately four million units in fiscal 2016 (Fig. 1,
Table 1).

The introduction of the first-generation Micra that
debuted more than 30 years ago marked a revolution in the
small hatchback segment. It also represented the opening
of a new page in Nissan’s history. As the fifth generation in
this series, the new Micra is as revolutionary as the first
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Fig. 1 All-new Micra
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Table 1 Vehicle dimensions

Length (mm) 3,999
Width (mm) 1,743
Height (mm) 1,455
Wheelbase (mm) 2,525
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Fig.2 Personalization options

generation and is capable of providing customers with new
value.

2. Product Concept

The new Micra was developed around the concept of
symbolizing an exciting city car. It features exciting,
dynamic styling that mesmerizes people at first sight, a
well-harmonized interior fitted with a cutting-edge IT
system and projecting high perceived quality, and highly
responsive dynamic performance that ensures outstanding
driving pleasure.

The car was developed with the aim of giving young
people and couples living in the city an uplifting feeling in
their daily lives by driving the new Micra.

3. Appealing Features

3.1 Design

The exterior design of the new Micra faithfully
reproduces that of the Sway concept car that Nissan
unveiled at the 2015 Geneva Motor Show. Embodying the
latest design language, the sculpted body form features
design cues and emotion that characterize the next
generation of Nissan brand cars. Adopted design cues
include the distinctive V-motion grille, from which the
character line runs to the rear end, signature boomerang-
shaped headlights, and a floating roof that imparts an
airy feeling. In addition, the rear door handles hidden in
the C-pillars and the extended roofline that incorporates
the rear spoiler successfully combine aerodynamic
performance with superb styling.

The new Micra is available in ten vivid and
sophisticated body colors, including Energy Orange, that
aptly match the car’s striking appearance. A wide selection
of 125 types of personalization options are offered,
enabling owners to create an original exterior and interior
befitting their own style (Fig. 2).

The interior design also embodies the new design
language common to the Nissan brand (Fig. 3). Features
shared with other Nissan brand cars include the new
steering wheel and the “gliding wing” instrument panel
design extending to both sides from the center console to
impart a refined and expansive feeling.

e =

®-3 415707
Fig.3 Interior
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3.2 Interior

The interior design of the new Micra has the
perceived quality of a car one class higher, which is
perceptible the instant one opens the door. This feeling is
created in part by the full soft-padded dashboard and the
soft molded skin of the instrument panel and center
console knee pads trimmed with decorative stitching.

The new Micra is available with a six-speaker Bose®
Personal® sound system, developed through collaboration
between Bose and Nissan. This sound system is optimized
for the driver, with two Bose UltraNearfield™ speakers
built into the driver’s seat headrest that combine with Bose
PersonalSpace™ Virtual Audio Technology to provide
immersive sound quality (Fig. 4).

Another interior highlight is a 7-inch full-color center
display for controlling the audio system, car navigation
system, and applications downloaded via a cell phone or
Apple CarPlay as well as for using Siri voice control.

3.3 Dynamic performance

The new Micra is equipped with Intelligent Ride
Control for enhanced ride comfort and Intelligent Trace
Control (cornering stability assist) to support crisp
handling by reducing understeer (Figs. 5 and 6). The
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former control technology is intended to ensure a
comfortable ride by suppressing unpleasant body motions
through suitable control of the engine and brakes. The
latter technology applies automatic braking to the four
tires independently to suppress outward sway of the
vehicle body due to acceleration while cornering. Both
control systems represent innovative Nissan technologies
that are also provided on the Qashqai and X-Trail in
Europe to give owners driving pleasure combined with
peace of mind.

The new Micra achieves an unprecedentedly high
level of aerodynamic performance due to the integration
of the rear roof and side spoilers. It achieves a Cd of 0.29,
one of the best figures for a hatchback.

The efficiency of the engines offered on the new
Micra has also been substantially improved. The engine
lineup contains a 0.9L turbocharged 3-cylinder gasoline
engine and a 1.5L 4-cylinder diesel engine, both of which
produce 90 PS (66 kW), as well as a 1.0L naturally aspirated
3-cylinder gasoline engine generating 71 PS (52 kW). The
enhanced aerodynamic performance and improved efficiency
of the engine lineup represent further advancements
toward making Nissan Intelligent Power a reality.

3.4 Safety equipment

All grades of the new Micra are equipped with
improved and expanded safety equipment for a Nissan
B-segment model in Europe. As such, the new Micra is a
model that embodies Nissan Intelligent Driving (Fig. 7).
The car is the first B-segment model in Europe to adopt
Intelligent Lane Intervention and is the first Nissan brand
model in Europe to be equipped with Intelligent Emergency
Braking that includes pedestrian detection capability. In
addition, it also adopts Nissan’s Intelligent Around View
Monitor, Traffic Sign Recognition, High Beam Assist, and
Blind Spot Warning (detection and warning of following
vehicles in adjacent lanes), among other advanced
technologies that are typically featured on upscale models.
These advanced safety features are also key technologies
for autonomous driving and are necessary and indispensable
elements of Nissan Intelligent Mobility.

4. Conclusion

Featuring an impressive design and innovative
technologies, the new Micra provides nimble driving
performance with complete peace of mind. It has been
engineered to vastly exceed the expectations of traditional
B-segment customers.

Finally, the authors would like to profoundly thank
everyone involved in the product planning, styling, design,
development, production, marketing and sales of the new
Micra. Thanks to everyone’s concerted efforts, the new
Micra is a car that has been finished to a high degree of
product perfection.
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Summary

The all-new Kicks was developed for global release, beginning with South and Central

American markets in time for the Rio Olympics and Paralympics held in Brazil in 2006. The car is
intended to further strengthen Nissan’s presence in the B-crossover segment that was first created by
the Juke. This article presents a product overview of the new Kicks.

Key words : Automotive General, new car; Kicks
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Fig.1 All-new Kicks

1. Introduction

The new Kicks is a completely new type of crossover,
developed in time for the 2016 Olympic and Paralympic
Games held in Rio de Janeiro, Brazil (Fig. 1 and Table 1). It
was developed with the important mission of expanding
Nissan’s market share in Brazil. For the purpose of
heightening Nissan’s presence in the Brazilian market,
the all-new Kicks was launched in the crossover segment,
which has the highest growth rate in that market.

The new Kicks was driven all over Brazil in leading
the Olympic torch relay as an official car of the Rio
Olympics and Paralympics.

2. Product Concept

Based on the concept of being an original gold medal
for customers, the new Kicks pursues the following
attributes: advanced, attractive styling that imparts a

COCOOCOOPOCOOOOPOOOOPOCOOFOPOCOOCOCOO

x-1 BT
Table 1 Vehicle dimensions
Length (mm) 4,295
Width (mm) 1,760
Height (mm) 1,590
Wheelbase (mm) 2,610

* T A5 Product Planning Department **£5— 77 > FHEsfE# BRAND Promotion Department No. 1 *** 7 i #z0& 58~
Product Strategy Department *** 2577 » &S, BRAND Promotion Department No. 2
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powerful presence and an impression of a vehicle one class
higher; a relaxing interior and ample luggage space for
expanding the owner’s realm of activity; safety supported
by advanced technologies; and a pleasing, comfortable
ride.

It has been designed and engineered to enable young
married couples and young people to enjoy themselves
fully and safely in a wide variety of situations even when
traveling in stressful urban traffic environments.

3. Appealing Features

3.1 Design

The design of the new Kicks is based on the EXTREM
concept, a compact urban sports car that was announced
in 2012 (Fig. 2). The EXTREM was the first concept model
that Nissan designed specifically for Brazil and was built
in that country. While the EXTREM was purely a concept
model, the response it drew was incorporated in the Kicks
Concept (Fig. 3) that was unveiled for the first time
worldwide two years later in 2014 at the Sao Paulo
International Motor Show. That represented a further
attempt to transform the concept into a vehicle envisioned
for possible future market introduction, based on the
concept model.

A design competition was then held among Nissan’s
global design centers, based on the evaluations of the
concept models, and the final design was thus determined.

The exterior design projects a powerful presence,
accentuated by the front V-motion grille, and expresses
the next-generation Nissan brand design typified by the
boomerang-shaped signature headlamps that flow around
toward the sides. Similarly, boomerang-shaped lamps are
also adopted at the rear. The side view features Nissan’s
floating roof design created by blackening out the pillars
from the A-pillar to the D-pillar to give the impression that
the roof seems to be floating. This feature also expresses
the next-generation Nissan brand design.

The new Nissan Kicks comes with a distinctive two-
tone color roof that clearly sets it apart from other vehicles
and conveys an impression of a vehicle one class higher.

R e e = e g

-2 EXTREM
Fig.2 EXTREM concept
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XK-4 FLVIRNE
Fig.4 Orange leather interior trim

®-5 I3y TUNIVOEESE
Fig.5 Class-leading luggage capacity

The interior design also incorporates new design
elements shared by Nissan brand cars. It adopts the new
steering wheel common to the Nissan brand and the
shared dashboard design that extends to both sides from
the center console, helping to create an open, airy feeling.
A distinctive orange color with a strong impact has been
adopted for the interior trim (Fig. 4), imparting the
presence of a model in an all-new category.

3.2 Interior

The new Kicks has also been developed without
compromising any of its functional features so that it can
be used to the fullest extent in everyday life and for leisure
purposes. This was based on surveys conducted in various
countries concerning how customers use their vehicles in
actual driving situations. The front seats provide the
largest headroom and legroom of vehicles in this class,
and the luggage area also boasts class-leading luggage
capacity (Figs. 5 and 6). There is ample space to hold two
golf bags or suitcases and other items.

3.3 Advanced equipment

Nissan is proceeding with the development of cutting-
edge electrification technologies and intelligent
technologies for the purpose of attaining the company’s
goal of totally eliminating fatal traffic accidents involving
Nissan vehicles.

The new Kicks also serves to bring Nissan Intelligent
Mobility closer to a definite reality by featuring Nissan’s
Around View Monitor with moving object detection, adopted
for the first time in this segment ahead of other competing
models. The Kicks provides customers with full peace of
mind through the Nissan Safety Shield technologies (Fig.
7).

3.4 Pleasing ride comfort

One of the distinctive features of the new Kicks is its
outstanding ride comfort. This is made possible via
Chassis Control technology, a generic term for three
technologies: Intelligent Ride Control, Intelligent Trace
Control and Intelligent Engine Brake.

D0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 A A R R SR SR Ca SR e e e o

X-6 #®ET+—ILTDVEOEE
Fig. 6 Luggage space with rear seat folded down
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Intelligent Ride Control suppresses pitching motion
by suitably controlling the engine torque (driving force)
and braking force. This works to improve ride comfort and
ensure peace of mind on uneven road surfaces (Fig. 8).

Intelligent Trace Control serves to control the braking
force at all four wheels independently according to the
driving conditions when cornering, such as on winding
roads and on expressway entrance and exit ramps. This
smooths vehicle motions and enhances responsiveness to
provide cornering performance with complete peace of
mind. It supports the vehicle’s ability to trace the driving
trajectory at the exit of corners, enabling the vehicle to
travel without swaying to the outside (Fig. 9).

Intelligent Engine Brake automatically applies
additional engine braking when cornering or braking,
which supports driving ease by reducing the driver’s
workload of operating the foot brake (Fig. 10).

The adoption of these Chassis Control technologies
makes it possible to provide customers with greatly
enhanced ride comfort and peace of mind.
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Fig.8 Concept of Intelligent Ride Control

-9 A4VFUITV MU=V O-ILOAX—IHR
Fig. 9 Concept of Intelligent Trace Control
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Fig. 10 Concept of Intelligent Engine Brake
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4. Conclusion

This article has presented an overview of the new
Kicks, focusing primarily on the features emphasized in
planning the vehicle. It is planned to introduce this global
model in over 80 countries worldwide. In Latin American
markets beginning with Brazil and Mexico where sales
have already been launched, the new Kicks has won
numerous awards as well as receiving several best vehicle
honors from automotive journalists. It has also been
received very favorably by customers and sales are
proceeding briskly.

Finally, the authors would like to profoundly thank
everyone involved in the design, development, production,
marketing and sales of the new Kicks for making it
possible to put this attractive new model on the market.
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The four patents described here relate to inventions that have been adopted especially for

quality improvement. 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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Inventors' affiliations are as of September 2017

1. Suspension device (Fig. 1)

Patent application date: March 29, 2007
Japanese patent application No.: 2007-87745
Registration date: December 22, 2011
Japanese patent No. 4888189
Title: Suspension device
Inventors:
Yoshihiro Kawabe, Retired employee
Masahiko Nishida, Chassis Engineering Department
Isao Watanabe, Chassis Engineering Department
Kenji Sagara, Nissan Product Development Department
No. 2

1.1 Aim of invention

An automotive suspension must provide ride quality
combined with handling and stability. If the stiffness of the
bushings connecting the suspension links and suspension
members is reduced to improve ride quality, it will cause
handling and stability to deteriorate because the tires will
also tend to deflect in the vehicle width direction. On the
other hand, if the bushings are made stiffer for improving
handling and stability, the tires will not tend to deflect
in the vehicle longitudinal direction, causing ride comfort
to deteriorate because the suspension will not be able
to sufficiently absorb the force input to the tires when
traveling over a bump.

The present invention allows bushing stiffness to
be reduced in the tire longitudinal direction, which is
necessary for better ride comfort, and also increases bushing
stiffness in the tire lateral direction, which is needed for
good handling and stability. As a result, it provides both
ride comfort and handling and stability.

1.2 Composition of invention

This invented suspension device is a connective
bushing that connects two lower links (front and rear links
positioned in the vehicle longitudinal direction and
connecting the axle and suspension member) at multiple
points spaced apart in the vehicle width direction. This
makes it possible to restrict tire deflection in the vehicle
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Fig. 1 Top view of the rear suspension device

width direction while allowing a certain range of deflection
in the tire longitudinal direction.

1.3 Status of use
The device has been adopted on the Altima, Teana
and Maxima.

1.4 Thoughts of an inventor

Many different elements are required of the rear
suspension design, including of course dynamic performance
in terms of handling, stability, noise, vibration and ride
comfort. Other considerations include weight reduction,
assurance of luggage space and affinity with the body
framework.

In 2007 a project was under way to create a next-
generation suspension to support future Nissan vehicles.
Other members and I were proceeding every day with
studies, putting to work our various knowledge, experience
and aspirations.

We benchmarked different types of suspension systems
and analyzed their relative advantages and disadvantages
while discussing what type of performance would be required
of next-generation Nissan vehicles. We came to realize
that it would be difficult to achieve our targets by simply
making improvements based on existing suspension systems.

One day my boss at that time showed me a simple
illustration of a link bushing arrangement and suggested
it might be a good way to proceed. I had never seen such
a configuration like that before. At that instant the idea
of a connective bushing, which would be a key element
of the new suspension, was born. Initially, several question
marks popped into my head as to whether that would make
the suspension viable. As we proceeded with our initial
studies, I came to feel that it held an unprecedented
potential.

In moving toward commercialization, there were
questions about the characteristics, layout and other aspects
of the connective bushing. One issue was how to connect
the front link and rear arm with it. A theoretical idea took
on concrete shape, thanks to people knowledgeable of new
methods such as clustering analysis and shape optimization
as well as the cooperation received from the manufacturing
division. Various other issues also came up in the process of
refining the system and vehicle performance in cooperation
with the experimental division. The aimed-for performance
gradually came to be seen in the test results. As an engineer,
I truly felt a sense of fulfillment.

With the cooperation of many people involved, the
new suspension was completed and first adopted on the
Altima (L33 model). I would like to take this opportunity to
thank everyone for their cooperation.

2. Chrome-plated parts and manufacturing method
(Figs. 2 & 3)

Patent application date: August 27, 2008
Japanese patent application No.: 2008-217561
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Fig. 2 Enlarged view of surface portion of decorative
chrome-plated part

65  NISSAN TECHNICAL REVIEW No.81(2017-10)

Registration date: October 4, 2013
Japanese patent No. 5379426

Title: Chrome-plated parts and manufacturing method
Inventors:

Soichiro Sugawara, Materials Engineering Department

Hiroaki Koyasu, External

Hiroshi Sakai, External

Jens-Eric Geissler, External

Grant Keers, External

2.1 Aim of invention

This invention relates to decorative chrome-plated
vehicle parts, such as the emblem, front grille and others.
Such exterior trim design parts are chrome-plated
to enhance their beautiful appearance and give them
corrosion resistance. Although hexavalent chromium
plating provides a beautiful appearance, it is inferior with
respect to corrosion resistance against calcium chloride.
Therefore, it is necessary to have a technology for
decorative plating with trivalent chromium in place of
hexavalent chrome plating. Compared with hexavalent
chrome plating, however, traditional trivalent chrome
plating is inferior with respect to corrosion resistance to
ordinary rust, making it difficult to apply it to vehicle
exterior trim parts and other components. The present
invention provides strong corrosion resistance and produces
chrome-plated parts that exhibit a beautiful silver design
equal to that obtained with hexavalent chrome plating.

2.2 Composition of invention

The chrome plating formed with this invention
consists of a corrosion dispersion plated layer formed on
the base metal, a Fe-containing trivalent chrome plated
layer (film thickness = 0.05-2.5 ym) formed on the
corrosion dispersion plated layer as a metal supply source,
and a chromium compound film (film thickness = 7 or
more nm) formed by a cathodic acid electrolytic chromate

COOOVCOOOOOOOOOVOOOOGOOOOGOGOOOOGOCOOO
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Fig. 3 Effects of invention
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process on the trivalent chrome plated layer.

The corrosion dispersion plated layer is formed in a
process carried out in a microcracked nickel plating or
microporous plating solution.

2.3 Status of use
This invention has been adopted for the GT-R, Elgrand,
X-Trail, Juke, Caravan and Note, among other models.

2.4 Thoughts of an inventor

From around 2004, specific rust spots were observed
on chrome-plated exterior trim parts on vehicles in the
Russian market. As a result of conducting various surveys,
the cause was found to be related to the snow-melting agent,
containing calcium chloride as one of its main components,
which was spread on the roads in Russia in the winter. The
agent mixed with mud and adhered strongly to the vehicle
body surface, thereby maintaining the corrosion load over
along time.

The present invention was developed as a specification
countermeasure against that rust issue. This plating
specification provides (1) corrosion resistance against the
specific rust caused by calcium chloride-containing mud
adhering to the vehicle and (2) corrosion resistance
against ordinary rust, combined with (3) beautiful
silver design identical to that of ordinary chrome-plating.
After surveying other industries such as the home appliances
sector and the characteristics of alloy properties, we
succeeded in developing this plating technology from a
perspective that was not limited to the existing framework.
It simultaneously satisfies all three of the aforementioned
performance requirements, which at that time were said
to be contradictory.

With this invention, Nissan presented a solution to
the specific rust issue in the Russian market ahead of
other vehicle manufacturers. It was even given coverage
in an automotive magazine in that country and probably
contributed to expanding sales of Nissan vehicles. I
remember being very pleased when I received the article
about it in English sent by the local staff in Russia.

It will be noted that a black metallic color tone can
also be obtained with this invented technology by adjusting
the plating solution components, so its application is being
expanded as a special specification version of many vehicle
models.

Until around 1990, vehicle rust prevention was
regarded as one element of attractive quality, but in recent
years it has been understood as being expected quality.
However, engineers themselves go into the field to detect
changes and then develop specifications capable of
accommodating those changes. After seriously considering
the application possibilities of this invention for purposes
other than rust prevention, it is felt that it can also
contribute to attractive quality in addition to being
expected quality.

Finally, I would like to take this opportunity to express
my appreciation to everyone who cooperated with the
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development of this technology and especially to Atotech
Deutschland, the joint patent applicant, for their
cooperation in producing many test pieces that were
helpful in attaining this invention.

3. Bell cup of rotary atomizing electrostatic painting
system (Figs. 4-6)

Patent application date: September 20, 2013
Japanese patent application No.: 2014-539665
Registration date: October 30, 2015
Japanese patent No.: 5830612
Title: Bell cup of rotary atomizing electrostatic painting
system
Inventors:
Hiroyuki Mitomo, Paint and Plastic Engineering
Department
Tatsuki Kurata, Production Engineering Research and
Development Center
Shirou Oota, Paint and Plastic Engineering Department
Sho Sakai, Connected Car and Services Engineering
Department
Kouichi Asakura, External
Kazuyuki Shizawa, External
Hideo Sugawara, External

3.1 Aim of invention

Painting systems using a bell cup provide higher
clarity and better color performance as the mean particle
diameter of the sprayed paint becomes smaller. However,
they have had the problem that it is difficult to obtain
stable quality owing to the large standard deviation of the
particle diameter distribution.

The present invention stabilizes paint quality by
providing a bell cup capable of reducing the standard
deviation of the particle diameter distribution of the
sprayed paint.

3.2 Composition of invention

Paint is supplied to the inner surface of the bell cup
that is rotating at high speed. While being pressed against
the inner surface of the cup, paint is transferred by
centrifugal force from the rear to the outer edge of the cup
where it is atomized into droplets.

The present invention optimizes the angle of
inclination of the cup inner surface relative to the center
line of the axis of rotation of the small diameter portion
where centrifugal force is small. As a result, it maintains
uniform centrifugal force that presses the paint
perpendicularly against the cup inner surface. In addition,
the angle of inclination is made larger near the outer
circumference of the cup where centrifugal force is large,
thereby preventing the thickness of the liquid film from
becoming non-uniform.

That makes it possible to eject the paint in a state
where a certain thickness is maintained. Moreover, it
reduces the standard deviation of the particle diameter
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distribution of the atomized paint, which achieves stable
paint quality.

3.3 Status of use

This painting system has been installed as the
standard technology of the intermediate and top coat
painting machines on Nissan paint lines in Japan, America,
China, Mexico, India, Indonesia and Thailand.

3.4 Thoughts of an inventor

I wonder what impression readers have of the vehicle
painting process. While there is some air spray painting
like that done at body repair shops, most of the painting on
vehicle production lines is done by bell coating equipment.
A bowl-shaped bell cup is rotated at a high speed of several
10,000 rpm and the resultant centrifugal force atomizes
the paint into droplets that adhere to the vehicle body
under electrostatic force. The more uniform the tiny paint
particles are in that process, the smoother and more
beautiful the paint film becomes.

The present patent is the result of a development
project in which we sought a new structure for the bell cup
in order to improve atomization performance. The work
was carried out in a joint development project with a
laboratory at Keio University. In parallel with the
prototyping and experimental work done at Nissan, the
university laboratory conducted fundamental studies to
validate the theory and elucidate the mechanism involved.

Our goal of reducing the variation in the paint particle
size and obtaining a smaller mean value presented an
arduous task that sometimes made us wander off course,
but one flash of inspiration proved to be a breakthrough.
That was the concept of making the normal component of
the centrifugal force velocity vector constant when drawing
the shape of the bell cup surface. That would mean the
force acting on the paint film spread over the bell cup
surface would always be constant, making it possible to
form a homogeneous film. If the thickness of the paint film
was homogeneous, the size of the atomized particles
produced by the dispersion of the film would also be
homogeneous. In applying this concept to an actual bell
cup, the shape at the end of the cup was modified based on
simulation results and then verified experimentally. That
process was persistently repeated until we found the ideal
shape.

As a result, we created the bell cup required by
Nissan’s standard painting system, and it has been
deployed globally in paint shops at Nissan plants in many
countries. We intend to work together with others in the
paint industry in order to provide customers with even
higher quality paint in the future.

Finally, I would like to take this opportunity to thank
everyone involved, especially the people at Keio University,
for their invaluable cooperation with the development of
this invention.
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4. Power transmission device for electrified vehicles
(Figs. 7 & 8)

Patent application date: May 21, 2014
Japanese patent application No.: 2014-105526
(divisional application from patent application
No. 2010-121145)
Registration date: June 3, 2016
Japanese patent No.: 5943033
Title: Power transmission device for electrified vehicles
Inventors:
Tomohiro Okada, Powertrain Project Department
Naoaki Oikawa, System Integration and EE Architecture
Engineering Department
Takahiro Saruwatari, Powertrain Technology and
Prototype Development Department
Tatsuhiko Ikeda, Powertrain Project Department
Ken Nakayama, EV and HEV Component Engineering
Department
Kazuhiko Soeda, Engine and Transmission Engineering
Department
Akinori Inada, Powertrain Partnership and Alliance
Coordination Office

4.1 Aim of invention

High-frequency noise emitted from the inverter that
drives the motor for propelling an electrified vehicle is
transferred via the power transmission path to the drive
shaft and other parts. The drive shaft and other parts act as
an antenna for radiating high-frequency noise to the
outside, which adversely impacts radio reception, among
other things. The present invention prevents that adverse
impact by reducing the high-frequency noise transmitted
to the drive shaft.

4.2 Composition of invention

The invention provides a ground function in the
power transmission path from the motor shaft to the drive
wheels for enabling noise to dissipate to the vehicle body.

T e e e e e e
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Fig. 8 Photograph of installed brush
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Increasing the electrical resistance upstream from the
point where the ground is connected is effective in
reducing the transmission of noise from upstream to
downstream in the power transmission path. Therefore,
joints in the power transmission path such as splined parts
and gear meshing parts serve in this invention as electrical
resistors positioned upstream of the electrical connection
point of the ground.

4.3 Status of use
This invention has been adopted on the Nissan LEAF
and for the Note ee POWER.

4.4 Thoughts of an inventor

In order to put electric vehicles on the market, a
crucial issue was to reduce the high-frequency noise
originating in the switching operation of the inverter. It was
necessary to consider how this noise should be reduced in
terms of the overall high-voltage electric system. As a
result of running simulations to examine this issue, it was
decided to use a brush in the power transmission path as a
method of dissipating the noise to the vehicle body.

In the early stage of development, the brush was
positioned close to the motor, but the desired effect was
not obtained. Through repeated simulations and test
evaluations it was found that the brush was effective in
reducing noise when it was positioned downstream of joints
in the power transmission path such as splined parts and
gear meshing parts. That insight led to the development of
this invention. In the end, it was decided to install the
brush on the reducer shaft.

I feel very happy that this invention is now being
widely used on the Nissan LEAF, Note e-POWER and in
other applications.

Many people cooperated with the commercialization
of this invention, including with the brush design and
the repeated evaluation tests. I would like to take this
opportunity to thank them for their cooperation.

H ZE # #’ Nos1 (2017-10) 70



w & ® C

5T, BREBEICBV RN - ARIICET L TV 2 MEREFEHOMM 2 LE L, 52 #
HroE A, B oEEEEL. B ROEED 70— )AL EQZELZALD T T, #AL L A Sk LT
B R ERRICBIEA T2 2L EHRL, 2 UHHNEICESEZBECFEL VLT L

—HT, EDLH)BRIEHTH > TOEERIMMEL LRI NI BICHE T O LW LEEIETLHD A,
MBI BT, — 2 OmOMEBO MBS RO MBI HEE R0 22, ETOHFMIIH LT
WEI A EERT LI EPULETT, 2L T, SHOBHRI, Hl2S Y A7 4, SHIZEMHOMEBIZES F T,
B DL L L DADESETHN LM BESEEEES 2 E R L TE/22LI2E 200 TY, HFOPTHRMNL
72DF—FICEE F AN, FEEIC K DEAM 2 FERSEMMEOUF IO o TnET,
BEMRICHRTEE, 5715 2 B0 E & B ISR T 272012013, S 5IZBERT 22 To A mELE
BB L, AE—FEBITADPOER LT T ZEPFEFICHEETT, COHERHRL 55, 574
LEEDLNVT y T GBI OMGEE A= F7 v 7% LT {7012, BHROSHEIZEEENTT,

anl

— SR TEAT TS - B B o 2 —

2017 FEHERRRERER
%= HE i I R 1 S 5 SOV ANIISOVENZ 1 i
T T - ) Jc i bR W %8 P I SR = S ST — LA R
e 2 B &
HZEE [V N 2 WFoge 4 W FB
¥ R = N = A VERREARS B IE EV ¥ A7 Affgeir
W R P EYY T4 - —C AR
%z B EANl B 5 70— S VAR
K OH E F Booan o mE a kB 5 B T AR Al A 65 D
e B IR W Infiniti # & 5 % o H o K 28T = MA v EAR T
O - S Infiniti 8 & B 5& #6
H E B Infiniti ¢ & B 5& #6 FH R
fle 2 K i R TR T4 K=& —C AR weoH E % Wz @& m #
B R R/ AECAE - PLME I G S [/ R N
KO OFE — BAY0=1NT 1 =77 AGETERE

HERBFES =
© ZEMLIHris
T 2017 4 10 H
L IN HER R R &
7 Pt H BB diiRalatt A Wea Wigeams
WENBERTHRORFILLF 15
T 243-0123
S AHE EDRIAR A S
HEHRTHRXHFET 3 - 13 -5

B e
3




Editorial Postscript

This issue of the Nissan Technical Review describes the quality improvement activities that Nissan has been
carrying out organizationally and systematically in the product development process. Rapid changes have been taking
place especially with regard to the introduction of new technologies, enhancement of product functionality to higher
levels, and globalization of product development and manufacturing, among other trends. Against this backdrop, we
were conscious of conveying to the readers the nature of the activities we have continued to evolve and implement, so
this special feature intentionally focuses on the details of our activities.

It goes without saying that regardless of the type of activity, it will not lead to results unless it is practiced. It is
necessary to implement quality improvement activities for all parts because a problem in the small details of one part
can affect the quality of an entire vehicle. The results we have today stem from the fact that many people involved
with product quality have been carrying out the quality improvement activities described in this special feature,
extending from the vehicle level to the system level and further to the details of the parts. The activities presented in
the articles represent only a fraction of the total, but the accumulation of technologies through the implementation of
these activities has led to significant improvements in product quality.

In order to continuously secure competitive product quality and satisfy customers, it is extremely important for
everyone involved to understand quality improvement activities and to implement them with greater speed. It is
hoped that this Nissan Technical Review issue No. 81 will be a useful reference to everyone in continuing to carry out
activities for further improving quality levels at an even faster pace.
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The cover design of this issue expresses the efforts being pursued under
our safe launch activity for ensuring new model launch quality through
organizational teamwork by experts, design engineers and production
engineers. Their main focus is on expert reviews of materials, parts and
processes in manufacturing workplaces, including participation by our
colleagues in overseas production operations. This activity was first deployed
for North American production of the latest generation of the Murano in 2014
and has since been expanded primarily to our global production plants. In this
regard, the design depicts the cooperative relationship between our experts in
Japan and local design and production engineers, against the backdrop of the
global expansion of Nissan’s production plants. In short, the design expresses

the unified commitment and dedication of Nissan's engineers to ensure new
model quality.
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Tetsuji Mizuno
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Product Design Technology

Evolution Department
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