R 5@ &%/Opinion

A g RE - 5N - REURRICED 3 RENER

mE - E5EE - TEMENDKRAGLEAER EZDOFERA
$57K Fns!

Prevention Systems and Their Developments for
Quality, Reliability and Safety

Kazuyuki SUZUKI*!

Abstract— The purpose of manufacturing is to produce well-balanced quality of QCD(Quality, Cost
and Delivery), reliable products, and systems by using rigorous scientific methods while seeing how
the situation is. Moreover, manufacturing aims to contribute to society’s prosperity by providing
products to the market. The above idea should be applied consistently in Times of Fourth Industrial
Revolution, which also includes IoT (Internet of Things), Al, and Big Data. In fact, society cannot
exist without preventing accidents caused by the vulnerability of the security network beforehand in
the social infrastructure, such as autonomous vehicle. In this papers, prevention systems and its new
developments based on quality management and quality assurance that were established in Japan,
are proposed focusing on motivation, seven viewpoints on prediction, and white mode. White Mode
confirms safety state, and without confirming it, proceeding to the next step is prohibited. Utilizing
both Black Mode and White Mode are important to achieve quality, reliability and safety.
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Table 1: Seven Viewpoints of Purpose Setting for Satis-
faction of Customers and Society [8].

Three categories and seven

Related Philosophy

viewpoints Background/kiope of East and West
Law, Cause and Effect, Mechanism,
Truth Reproducible manner, Knowledge, Wisdom
System, etc.
Object .

Em:tne;ce Sustainability, Diversity, Environment, Himenty
recognition Overall optimization, etc.

Universal P i

purpose: Ethics/Moral Elvzryfr;ie i ha{:plness, Courtesy, Courtesy

Satisfaction T, Gk
f ) . . N
custoomers/ Intention | Justice Fair, Peace, Bravery, Dedication, etc. Justice

society

si Trust, Reliance, Peace of mind, Safety, .
incere Effort, etc Faith
Beauty of ) . .
emotion Excitement, Enjoyment, Fun, Joy, etc. Delight
Motive : Beauty
;erceptlon/ Beauty, Deliciousness, Amenity,
eauty of Pleasure

e Comfort, etc.

Reference: M.Yamashita & K.Suzuki(2017). JSQC the 47t Annual Conference, pp.31-34
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Fig. 1: Quality Assurance in Broad Sense.
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Emphasizing ( Prevention of problems
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Quality assurance system
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Fig. 3: Scheme for Quality/Reliability/Safety Assurance.
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Fig. 4: Seven View Points for QRS Assurance.
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Fig. 6: Step3: Act with Mutual Consent.
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Fig. 8: Classification of Troubles.
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Fig. 9: Heinrich’s Law and Practical Use of Incident In-
formation.
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Table 2: An Example of a Simplified QA Table (Quality Assurance Table) [2].

[Planning] [Design] [Manufacturing]
No. | [planning/specification] | [Product design] [process design] explanation
Important quality assurance items | process control items
process | process process
a b z
1 critical acceptance | Parts/ acceptance O O The
quality criteria A components Al criteria A1 importance
attribute Parts/ acceptance O O of q.uallty
A L attribute,
components A2 criteria A2 N
important
quality
Parts/ acceptance O assurance
components A2 criteria A2 item, and
2 critical acceptance | Parts/ acceptance process
quality criteria B components B1 criteria B1 f:ontrol
attribute ftems
B should be
Parts/ acceptance described
components B2 criteria B2
VA VAV Ve Ve Ve Ve Va Ve Ve VA Ve Va Ve Ve Ve Va VeV Ve Ve Ve UV Ve Ve Ve Ve Ve Ve Ve VN

Table 3: Stress—Failure Mechanism—Failure Mode.

Stress ( Usage,
Environmental condition)

Failure Mechanism

Failure mode

Classification Sub - classification

Classification

Sub - classification

Phase I (Micro)

Phase II

Phase IIl (Marco)

Local corrosion

Acceleration by

Generation of a pit

battery action

Fissure, crack,
fracture

High humidity +

Corrosion - " -
High humidity + high Concentration cell The fall of local Formation of a Fissure, crack,
corrosion dissolved oxygen concentrated cell fracture
itemperature
. Generation of . Fissure, crack,
Temperature Hydrolysis hydrophilic group Water obsorption fracture
+
idi High humidity + | . . . Fi ) k,
humidity igh humidity + norma Mold Decomposition Bad insulation \ssure, crac
temperature Moisture absorption fracture
. . Insulation resistance L
Dew formation Water obsorption uiation resi ¢ Short circuit

degradation

temperature cycle

Suction phenomenon

Pressure difference [Ingress of water/gas |Power down
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Table 4: List of Failure Modes based on 27 Articles [6].

Fracture 82 Slack 2
Crack 65 Electric discharge 2
Degradation 25 Delay 2
Surface Damage 21 Radiation injury 1
Thinning 19 Contamination 1
Deforming 18 Blister 1
Short circuit 16 Liquefy 1
Ignition

Heat 14 Decarbonization 1
Emitting smoke

(Opening/Disconnection 1" No output

Noise 9 Excessive output

T omecups

Exfoliation 6 Output instability

(Omission 6 \Vibration

Fading/discoloration 4 Loss of function

Insulated degradation 4

|Leak/short circuit 5 Total)| 323
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B(I): covariate

- Purpose of use
- Frequency of use

Prevention Systems and Their Developments for Quality, Reliability and Safety

- Stress from repetition
- Stress from overload

[8(2] - 1 0ad from associated system || _ Stress from shock
- Operation (standard/mistake) St f li 1
- Fuel(standard/bio/mistake) RREIESSEECIRCOD RS EVC S E () : effect on
- storage (place, method), etc. ) t
customers
. ° pr Functional Whit Function
eratin . Ite Customer
g E‘ Pd. . g achlvement ? Mod Performance ) satisfaction
5 o ||| conditions . ode
8 £ ||| Environmental Failure Black > Top event Harm
4 epe
o conditions e - Mode mode

- Temperature, humidity,
electrical

- Stress, wave, shock, solar
radiation, thunder, rain, hail,
SNOW

- Dust, saltwater, PH, animal,
earthquake, altitude

- etc.
Big data acquired in real time
{c(t], X(t), FM(t), mM(t), TM(t), and E(t)}

- Engine vibration

- Amount of engine oil
consumption

| diversified individual customers’ needs ‘

- Type and amount of metal
in engine oil

B

- Exhaust gas temperature

- Crack/Leak

- Thinning damage

- Clogging

- Deformation/Change
- Slack

Fig. 12: Scheme of On-line Monitoring.
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