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Recently, with the development of technologies for the fourth industrial revolution, convergence and complex technology are
being applied to aircraft, electronic home appliances and mobile devices, and the number of parts used is increasing. Increasing
the number of parts and the application of convergence technologies such as HW (hardware) and SW (software) are increasing
the No Defect Found (NDF) phenomenon in which the defect is not reproduced or the cause of the defect cannot be identified
in the subsequent investigation systems after the discovery of the defect in the product. The NDF phenomenon is a major problem
when dealing with complex technical systems, and its consequences may be manifested in decreased safety and dependability
and increased life cycle costs. Until now, NDF-related prior studies have been mainly focused on the NDF cost estimation, the
cause and impact analysis of NDF in qualitative terms. And there have been no specific methodologies or examples of a working-level
perspective to reduce NDF. The purpose of this study is to present a practical methodology for reducing NDF phenomena through
data mining methods using quantitative data accumulated in the enterprise. In this study, we performed a cluster analysis using
market defects and design-related variables of mobile devices. And then, by analyzing the characteristics of groups with high
NDF ratios, we presented improvement directions in terms of design and after service policies. This is significant in solving
NDF problems from a practical perspective in the company.
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{Table 1> Cases of Previous Research Papers Related to NFF

63

Author Research paper

Research Contents and Implications

Journal

A framework to estimate
the cost of No-Fault
Found events

Erkoyuncu et al.
(5]

* Research methodology for data collection and model development :
Familiarisation of NFF cost a Development of an initial list of NFF
cost drivers a Further refinement a Development of software tool for
NFF cost estimation

* The first paper to identify suitable simulation involving an agent based

approach to NFF cost estimation

International Journal of
Production Economics
2016

A novel approach for

* NFF decisionmaking process 4 phases problem assessment, collection
and fusion, command and response selection.
* five key characteristics that must be controlled

CIRP Journal of

[13] Root causes, technical
developments and future

research

- The ‘Design’ World and The ‘Practical’ World

- Using FMEA (Failure Mode Effect Analysis) technique, deployment in

three aspects, Built in test, Prognostic and Health Monitoring,
Functional Independence Measurement User Manual

Khan et al. - investigating intermittent failures Manufacturing Science
No Fault Found . .
[11] .. . - the reluctance to simply procedures and designs and Technology
decision-making . . .
- how investigation are carried out 2017
- not adding any resilience to processes
- the tendency to shift the decisionmaking process
) A system view of the * Classify the impact of NFF into three perspectives : cost, dependability, Reliability Enginecring
Séderholm and safety
No Fault Found (NFF) . . s and System Safety
[16] henomenon * Suggesting causes and improvement measures for NFF : Reliability, 2007
p Maintainability, Maintenance, Support
* Research on the impact of NFF from an organizational culture and
. | human factors point of view s L
Khan et al. No Fault Found e.vem.s . Highlighting recent developments in NFF standards, its financial Reliability Engincering
maintenance engineering | . -.. °. & System Safety
[12] Part 1 implications and safety concerns 2014
* NFF reduction process provides an interactive framework for various
domains when customizing interdisciplinary processes.
* Reviewing the common causes of NFF failures in electronic, software
No Fault Found events in| and mechanical systems.
maintenance engineering | * Suggest FIM(Fault Isolation Manual), a Troubleshooting Method as a s L
Khan et al. Part 2 : New Solution. Reliability Engineering

& System Safety
2014
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{Table 3> Design Factors Variables
Variable name Description Data Type

Model Suffix Model name Nominal
Phone_Size Phone Size Ratio
Phone_Weight Phone Weight Ratio
AP Chipset SoC Performance Nominal
Operating system SW Operating system Version | Nominal
Resolution Display Resolution Interval
RF Chipset RF IC Chip Type Nominal
LCD Maker Display Maker Nominal
Touch Driver IC Touch IC Chip Type Nominal
Battery Capacity Battery Capacity Ratio
Display Size Display Size Ratio
Ram Capacity Ram Memory Capacity Ratio
ROM Capacity Rom Memory Capacity Ratio
Waterproof structure | Waterproof support Nominal
Number of Sim Number of Sim Nominal
Display Type Display Operating Skills Nominal
Camera resolution Camera resolution Ratio
Camera OIS Camera OIS support Nominal
Number of Speaker | Number of Speaker Ratio
Sensor_Fingerprint Type of Fingerprint Nominal
WiFi Chipset Type of RF Chipset Nominal
Audio Chipset Type of Audio Chipset Nominal
HiFi DAC HiFi DEC support Nominal
Charging Type Fast Charging Function Nominal
Display Driver Type of display driver I1C Nominal

<Table 4> Manufacturing and Market Environment Variables

Variable name Description Data Type
Model Suffix Model name Nominal
ATTRIBUTE1 Number of Sim Nominal
ATTRIBUTE2 Tier Categorization (LMH) Nominal
ATTRIBUTE3 Service provider Nominal
PROD_CORP Production Company Nominal
PASSMON2 Number of months elapsed Ratio
PROD_DT Date of production Ordinal
DEFECT_CODE defect phenomenon Nominal
PURC DT Date of Sale Ordinal
REGION Sales Area Nominal
SECTION CD Failure Area Nominal
SYMPTOPM_CD Defective phenomenon Nominal
CAUSE CD Primary cause of analysis Nominal
Defect Type Dead On or Not Nominal
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<Table 5> NDF Ratio According to K Value

NDF Min. Cluster NDF Max. Cluster
K value : .

Ratio Cluster Ratio Cluster
5 8.7% Cluster 3 26.1% Cluster 1
6 8.7% Cluster 3 21.7% Cluster 1
7 7.5% Cluster 6 26.9% Cluster 7
8 6.6% Cluster 8 29.4% Cluster 5
9 7.5% Cluster 8 27.7% Cluster 1
10 5.7% Cluster 9 37.8% Cluster 5
11 2.4% Cluster 10 27.3% Cluster 1
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<Table 6> Cross Tabulation Analysis of NDF Ratio Applied
Tow-Step Algorithm

$T-TwoStep F T Sum
Count 58900 10298 69198
$null$
Row % 85.118 14.881 100
Count 5699 1403 7102
Cluster-1
Row % 80.245 19.754 100
Count 3814 278 4092
Cluster-2
Row % 93.206 6.793 100
Count 1103 21 1124
Cluster-3
Row % 98.131 1.868 100
Count 462 83 545
Cluster-4
Row % 84.770 15.229 100
Count 4422 1631 6053
Cluster-5
Row % 73.054 26.945 100
Count 74400 13714 88114
Sum
Row % 84.436 15.563 100

Chi-square = 1,116.034, df = 5, Probability = 0
explanatory notes : F(defects other than NDF), T(NDF phenomena)

19.8

15.2

15.6%

6.8
1.9

Cluster 3

Cluster 1 Cluster 2 Cluster 4 Cluster 5

<Figure 7> NDF Ratio Size Graph for Each Cluster Applied
Tow-Step Algorithm
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<Figure 8> Cluster Characteristics Applied Tow-Step
Algorithm

<Table 7>2} Zo] Yepdow, 3 7t

% ¥A5HH <Figure 9>¢F 2T NDF)
‘g_rol 7]';3} l}f% [N tl% X = 0, Y = 0’?_] :[Lg%o]u%’ NDFH]
%o 43 e PP X =

LR A <
i e



68 Jewang Lee - Chang Hee Han

<Table 7> Cross Tabulation Analysis of NDF Ratio Applied
Kohonen Algorithm

PASS MON2

_—

1 Month & Maonth 12 Month
PROD CORF @
LGEKR  LGEQD  LGESP  LGEVH  LGEYT  PUNE
SW Platform Operating Sys. @
Android 05 v80 Android 05 v8.1 NA
Memory_RAM Capacity @
2GBI(Low) 4GB(High) NA
Sensor_Fingerprint (]
FRCI012 GW3208 NA

<Figure 10> Cluster Characteristics Applied Kohonen
Algorithm
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A <Figure 11>3 Z
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<Table 8> Cross Tabulation Analysis of NDF Ratio Applied
K-Means Algorithm

$KXY-Kohonen F T Sum
Count 11629 6363 17992
X=0,Y=0
Row % 64.634 35.365 100
Count 18928 1806 20734
X=0Y=2
Row % 91.289 8.710 100
Count 532 117 649
X=1,Y=0
Row% 81.972 18.027 100
Count 542 91 633
X=1,Y=1
Row % 85.624 14.375 100
Count 7570 467 8037
X=2Y=0
Row % 94.189 5.810 100
Count 4372 1649 6021
X=2Y=2
Row % 72.612 27.387 100
Count 116 14 130
X=3Y=0
Row % 89.230 10.769 100
Count 1136 120 1256
X=3Y-=1
Row % 90.445 9.554 100
Count 17182 1395 18577
X=4Y=0
Row % 92.490 7.509 100
Count 479 77 556
X=4Y=1
Row % 86.151 13.848 100
Count 11752 1726 13478
X=4Y=2
Row % 87.193 12.806 100
Count 74238 13825 88063
Sum
Row % 84.301 15.698 100

Chi-square = 8,308,625, df = 10, Probability = 0
explanatory notes : F(defects other than NDF), T(NDF phenomena)
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<Figure 9> NDF Ratio Size Graph for Each Cluster Applied
Kohonen Algorithm
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<Figure 10>94 2= w19} 72£9] Ram Memory”} S5 A
F7} ‘Memory RAM Capacity’7} ‘GW3208°S1 GA} A&
A S AL-&3E A Fo)| A NDEW]Fo] =4 Yelskth Ak
Helo] ‘LGEYT' ! Y37 ALt ZellA, 2eja v 5
4~571¥ 3 NDF 2ol =it}

$KM-K-Average F T Sum
Count 4345 1635 5980
Cluster-1
Row % 72.658 27.341 100
Count 11743 1699 13442
Cluster-2
Row % 87.360 12.639 100
Count 18991 1794 20785
Cluster-3
Row % 91.368 8.631 100
Count 474 79 553
Cluster-4
Row % 85.714 14.285 100
Count 9653 5924 15577
Cluster-5
Row % 61.969 38.030 100
Count 1134 127 1261
Cluster-6
Row % 89.928 10.071 100
Count 3147 612 3759
Cluster-7
Row % 83.719 16.280 100
Count 9469 884 10353
Cluster-8
Row % 91.461 8.538 100
Count 7579 470 8049
Cluster-9
Row % 94.160 5.839 100
Count 7810 490 8300
Cluster-10
Row % 94.096 5.903 100
Count 74345 13714 88059
Sum
Row % 84.426 15.574 100

Chi-square = 9,045,589, df = 9, probability = 0
explanatory notes : F(defects other than NDF), T(NDF phenomena)
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<Figure 11> NDF Ratio Size Graph for Each Cluster Applied
K-Means Algorithm
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