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In recent years, due to the remarkable development of science and technology, products with var-
ious functions that could not be realized until then have been developed and manufactured, and are
widely sold all over the world. It is the functional materials that utilize the characteristics of materials
such as semiconductors, magnetic materials, and optical glass that determine the functions of such
products. However, recently, product accidents caused by raw materials and parts have frequently
occurred due to the occurrence of defects (silent changes) due to unintended changes in materials at
the manufacturing stage, damage/fracture of materials, and deterioration over time. These things can
upset the production and sales plans of products at the manufacturer, and can have a great impact
organizational management such as profit decline and opportunity loss. Therefore, it is important to
carry out risk management related to material changes and failure mode analysis related to materials
by front loading from the concept design stages of products to prevent them. Therefore, in this study,
we propose the failure mode analysis (risk assessment) methods “modified DRBFM” and “design
deviation method” for materials.

The modified DRBFM is a method that extends the logic of DRBFM by introducing the concept
of restriction specifications in risk assessment into DRBFM, which is widely used as a method for
preventing quality, safety and reliability problems. The modified DRBFM makes it possible to effec-
tively derive the correspondence between design changes/environmental changes and damage/fracture
mechanisms of materials. The modified DRBFM is applied to the failure mode analysis comparison
exercise (FMEA and modified DRBFM) for the objective lens of the virtual laser optical system, we
verified whether the failure mode could be extracted effectively for effectiveness of modified DRBFM.

The design deviation method (DDM) is the failure mode/risk evaluation method for materials that
can deal with the problems clarified through the verification of the modified DRBFM. For the DDM,
’set the deviation patterns of design deviation in the restriction specifications”, ’correspond the devi-
ation patterns of the stress/strength parameters in the design deviation patterns and the stress-strength
model (SSM) by the correspondence table”, ” It consists of the procedure of “deriving the dam-
age/fracture modes of materials from the SSM deviation patterns and deriving it as the failure mech-

anisms of the functions”. The DDM can logically derive the failure modes due to damage/fracture of



materials from the expected changes in the restriction specifications. The DDM is applied to failure
mode analysis comparison exercises (FMEA, DRBFM, DDM) for a virtual laser treatment system.
The effectiveness of DDM was verified whether the damage/fracture mechanisms and failure modes
caused by material properties could be effectively extracted.

In addition, in the failure modes based on damage/fracture of materials, there is a possibility that
the results may change depending on the knowledge of the failure mode analysts such as material
strength, and problems in due to selection mistakes etc. In order to solve this problem, we will
construct a method to determine the validity of the derived damage/fracture modes by analyzing the
similarity between the correspondence table prepared in advance and the input result of the failure
mode analysts. Specifically, we focus on the fact that the design deviation/SSM deviation of the de-
sign deviation method can be expressed by a sparse matrix, and combine the DDM and the Support
Vector Machine (SVM) of the machine learning method. The validity of the discriminant analysis
results was considered by applying the failure mode discriminant analysis method using SVM to the

exercise results of DDM and analyzing the exercise results.
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Fig. 1.1 Product realization processes
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ISO/IEC Guide51

Type A
Basic safety standards

iy o200 Gl

Type B
Group safety standards

Type C

Specialist standards

Machine tools, industrial robots, automated guided vehicles,
elevators, chemical plants, etc.

Fig. 1.2 System of international safety standards for machine safety
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MifetEE) 2RL, ZERATZ2ZIT LU TV ETHEARAYRBEBETH 5.

Risk | Seﬁ?l-'i:‘r)‘lf of | | Probability of occurrence of that harm
Related is 3 That can Exposure to a hazardous situation
cor:?igir:e d fung’?on resutl';]zrom and The occurrence of hazardous event
hazard coﬂgiéciailgd The possibility to avoid of limit the harm

Fig. 1.3 Risk definition

Widely acceptable risks =» Safety

< p

Unacceptable risks

< >

Protective
measures

¢ >

Acceptable risks = Residual Safety

Fig. 1.4 Relationship between risk and safety
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Table 1.1 Example of safety-related laws and regulations in each country

Country name

Legal regulation

Jurisdiction

Electrical appliance material safety law

Ministry of Economy, Trade and Industry

Japan Consumer product safety act Ministry of Economy, Trade and Industry
Product liability law Cabinet Office
Federal law governing consumer products Consumer Product Safety
Commission (CPSC)
USA Federal law that regulates products Occupational Safety and Health
(including machinery) used in offices Administration (OSHA)
Product liability law By state and region
Low voltage directive European Commission
EU Machinary directive European Commission

General product safety directive

European Commission

Administration
(government, etc.) <

Non-experts
(public)

building!

Through dialogue, accurate
risk information is shared
and problem solving is
achieved through consensus

v

Experts

(company, etc.)

Fig. 1.5 Concept of risk communication
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Risk reduction
Step1l:Inherently safe design

— ™ .yl Identify user, intended use and reasonably . H
P oresenable misuse > StepZ.Gua(;giiir;c: protective
| Step3:Information for use
Risk - Hazard identification |
Rick analysis
assessment | Estimation of risk
Estimation of risk I
| Evaluation of risk
L Evaluation of risk

Residual risk
tolerable?

Is the risk tolerable?

A

Validation and documentation

L

End

Fig. 1.6 Flow of risk assessment and risk reduction

Possibility (probability of oceurrence)
B C E F
Risk Matri ) o
1 atnx A Almost There 1s a D Almost no | No possibility
Frequent Rare :
certain ossibility ossibility to foresee

1.Catastrophic

Severity | 2. Severe
(degree of

harm) 3. Moderate

4. Minor
B ([ 7 e
Very High High Medium Low Very Low

Fig. 1.7 Examples of risk assessment indicators (risk matrix)
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AENLZ2FEFSRE, BRFEZODDEZRET S, AR A IVF -2 LR L N
ETCFITBLVIHKICELLT, VAZZBHIEEIHKDILTHD. Zeli#EHRK
&, A—F (WHEMICHEEAE ZREET 2 =REEORA) *Zes X —uyv o (44e
PR INSFTHLZEILESES2=(FILDOFA) F2HWT, fARIFE» S HEHE
DT 7 AEHSILTYV A EZBRSELHKDOILTHD. M, “ebhii& K% E
MLUTHEZTANARERLVARLVETY A7 2 JEMTERWEGITIE, BN HE (FEE
BIERRZ V%) 2EMBMLTZIFANTRERLRVETY A2 2BKEBT 5. HHEOKRK
i, BEORBVHHBEAOELE L, BEAOELELR, RELXHERELTOHEE -
A - HHESEAOHE - Iz mEC T, WEOKH ) A7 0EREFNLREET S
HRTH 5.

1.3.2 FMEA (Failure Mode and Effect Analysis)

FMEA (#(fs€ — N - 2Rl ) [22, 23, 24, DS, DA, 27, DR, 29, 30, BT, B2] 1%, ¥ A T A
DM E (P 7Y AT LX) VAT LAOFRFFKEZTIZ, IRELUEZE2TON
BRI 2T e 2Tl 5 GBENR) VA7 28 EE— NIZEDWTH
B, (B FHETBRBETEDY A7 2@ RROBRET S 2HNE LAEFIETHS.

FMEA (%, #Es i BB IZHBEE — RO 5 2275 DT, £ 080 S Kk E —
REOXNENIL TR T W, -EWNEFHMcELTEY, BIAFICL25EE2LEE L
W, — AT, EMEE—-NHOBP D XMHMEFHO LS LHEEZEET 22 & I3
HThs.

% 7= FMEA 12 1%, FMEA O B & % & B %12 $5 58 U 72 FMECA (Failure Mode Effect and

Criticality Analysis : M [& € — F - F2 8 - ap M) [22, B3, 34, B3] &\ 5 B G1 Al ik

10
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NIEHET 5. FMECA X, WEE— NOREHE» SHEDREZ2EENIIRITHME %2
BHHLU, YATL0%eWE2Ea&MWIZiMT 28EE— NER (VAZTRAAV )

FETH 5.

1.3.3 FTA (Fault Tree Analysis)

FTA (FEAKMENT) [22, 04, 33, B6, 37, 3R, BY, 40, A1, 47, &3, 44, 45, 46, &7 1%, Y AT LD
FEULRWRIBEER (MY THR) 2 FHIHE»P>T (hy THRK>HEER (Fy 7
HLZEPDIER) sEARELORN), ARG U CamBERRM GRE S IZTEE)
U, MBELZ) A7ERNOR» o HERGRERNEZMILI TS HEOZ ETHS.

FTAIZ, V7 b7 2802 EREE - FEN (VA2 T72AA VM) IZELTW
i, by THEG  pEHEL - BARRORNREEBIRIET T I Lo TEBAINWTVS Z
EnS, My THRPUIEBEBLTMER - RARAERIZOWTTEI N D Z A,

R X FTA ® EfEHl % 5= 7.

Excess stress [N/m?2]

Excess stress [N]

—OR

Insufficient effective area [N/m?]

Insufficient apparent area [m?]
Excess ineffective area [m?]

Fig. 1.8 Implementation example of FTA

11



CHAPTER 1. # 12

1.3.4 HAZOP (Hazard and Operability Study)

HAZOP (NH— R - SEfi MR ) [02, R, 49, 50, 51, 52, 53, 54, 53, 56, 57] 1%, {LF 75~
FEORBR (EMEZ) AT LATRT 5BENERCHEE EOMERIIOWT, £Z
D135 T o ARYE (EERENSOfFE) £ LTHA N7 — K (No, Less, More, Reverse,
As Well As, Part of, Other than) (Z K> THWH L, ZOFRRERP AT LNDOHEE LT E A
THENKENEL, TENKDOZY MO M - MALZ /TS AIEOI L THS.

HAZOP X, MR VAT LD T 2120071 U OHBICEHLTHIT S22 &h
5, MR LI BEE — NN (VA2 7R AA Y N) PAGETH B, 0B DHMR
(7ax A - Hl - Elig - Z42) PO INDF— LTz T% 5%, MK

MA[GETH 5.

1.3.5 STAMP/STPA (System Theoretic Accident Model and Processes/System
Theoretic Process Analysis)

STAMP/STPA (Y AT LABHMIZE DK HRET NV RO IO A/ AT LR ok
A K1) [B8, 69, B0, 61, 62, 63] 1%, STAMP (Y 27 AH@RHARET VRO Tu ) &
STPA (Y AT LH@MM T A 0H) D220 70w A5k 5, @iy A5 LR
AR ERMOMEMEHATHRETZ2 AT - FONICEE 2 &8\ 72 i T — Nl (Y
AT RAAVN) FEOZI L THS.

STAMP i, HMPY AT LAMEEROBMHECTREZA L, Y AT LAZRHIRITEKT
BYATAEREZOMOMEMEANSELDEERX D (BHLLEZY AT L OB
RHR) . MERHBEIS, BHR VAT LAENKL ULENT - RORVERTE S
Ky, TA NI ZEOBRA i@t 2 g & 5. STPA X, STAMP CfF o7z AT
LOLZEAY ba—)UEEE RIS, N = RoRETRY, FROBERICHT 3 HEE
PARPRE 2 BT 5.

STPA I%, fEKiEE — N (VA7 7 A AV ) FiE (FMEA ® FTA) & gL

T, V7 U7 ERFHEL S —, MAEROMEMEMNIZ L 2 FHK, @i AHOE~-

12
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WRETT —, RO ba—FHOA+DRHEE, ERFPIRTREIBIREBINLVER
(Y AT LITRT 2 N EY) 2 HIHTE) 28 AKETY AT L OWERG B D S iE

E—KFK (VA2Z) OFMNARETH 5.

1.3.6 DRBFM (Design Review Based on Failure Mode)

DRBFM[h4, 63, b6, 67, 68, 69, 70, 71] iX, T R \WEEH) - TR Wik ] - TR VWG EA 25
k4 2GD &%z cic hI XEBEICRWTHI SN, &8 - eV - EFEiEz
KEARBGIE T 2 B ORBEE — Nt (VA2 7R AAY ) FiETh 5. XIIIiEDRBFM
D7a—%R7.

DRBFM (&, OB » S, RETEE (BHEAN) AUEREZE/L (2R %
ZRUZBEET — R (VA 72 AA Y M) WICTBEBREIMIC X 2 &REFBELZTS
e, BERPHEEKTGHEOME - EEME - ZeMMEORELI A S Z LA EET

H5.

configurations

environmental

on the impact

Step 1 Step 2 Step 3 Step 4
Clarify the Organize new Determine Conduct a
target of items, design what to | design review
system changes and discuss based

changes on functions

Fig. 1.9 Flow of DRBFM

137 WEEBAEE— FBNFE2MRICEATLIHETE - NETICERT S
ta e DERRE
ekl bE £ — N IR 2 MRHCB T 2 EE — Mg ICEM I 256, IROBR

ARENFEET S, FMEAIZRWTIX, MEBEOEG/HEIEICETAREE — FOEH S

13
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¥ ANFMEA £fi 70 £ ZIZHENTWARY. FTAIZRWTIX, ¥ AT L 0 % K f#
MEaHKELTEDL, MHOBEGMEEIZE T 2HEE— FERZ2 HI 21T L TV,
HAZOP IZ AW TIE, FEMEI DO NS — N OFEi A AT H 2 5%, kDB IZ B3
2T — IR E LT WA, STAMP/STPA (AW TIE, EHMiL Y AT LD
REZMOMBEEHE UTHET 2T — NOGHEi AT EE TdH 5 2%, Mkl 0BG /MEIEIC
B9 5 M fEE — FEEMICRAL L 72 FE TRV, DRBEM IR W T, HIBRIERRIZ B 1T
L RETEFEBRBEEAPSHEA A=A L UTEB T2, MEOEG/MEICET S
WP E — NN ICRE U 2 FIE TR,

Bl U 72 R — N Rk 2 RN T 2R E — N ICEH T 556 0%
EEEEZ, UTO2O00EZHET 5. 1L1HTHERZZMENCBE T 5 8fEE — F#bT

(VA2 T72AXY ) 2, WEORMEEHRGBED? S EMT 5 /T,

o A1 fEkiflEE — Nt FEOMBM 2 LR U, MENZE T 28R E — NI
BEHTE2HWEE—- PR FERIPBEI LTV

o P2 BAMITHIALZND MR OBEEEITE H U 72 R 8 5/ 58I B 9 % i
E— N2 (PR §28EE— Mt FEPBEI AT R

D2ODRBERMMIRT HIERMBETHD.

14 HWFBFEEMEE— REN

ARETIE, BMPZE L TICEMZETFEO -2 THE2Y R IRIT X - VIOV

TRz, BWFEEFER2HWAHEE - MR XEIZIOWTERS.

141 #WEZICDOWT

WS (2,13 &1, FENOZFEHELETVWIZEEHEHEFABEOEE (F—22 56K
BRIZFEEL, T2V 2B LHET) 230 Pa—XTEHLIS T 58
mYHEOZETHL. EWEEIE, EIZTFHl -2 ARE - 2T AR VITEOHR

14
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S, MEE LT, TR ZEHE ), B LEE] 2355, T8 E
Bk, PET R ENIEMAEEOT 205 FHUETVEERL, TOTFHE
FTIVEHWT, fFliT—X EENE RAOTF -2 DB Z2iTRW, FillZ1T5 Hik
THh, mb MU LEWFETHS. A2 LFEE] X, #ET—2»/F607T,
fliT =X UDPFEELRVGEICFHEZITR D HETH 5.

B E ICIXEBDOETIVRGFAET 20, TOMREZRGIGT 2 &1k, L W& H W
(PH) LizT =&, #HoTHM (FH) LAEAT—ROERIVHBETHD. TOERE
RICIRERATFIEIEN ISP HVS NS, RI21E, BFATHIZ2RLTWAS. TP
[True Positive] DIETH D, T—XNBNELLS M (IF) L LTHlEI NI &2 EKkT
%. TN X [True Negative] DIETH D, T—XBIELLSEME (B) LU TCHEiEhEZZ L
% WK 5. FP L [False Positive] DETH D, 7 — X H->THME (IE) & U THME &
N7-Z &% EKT 5. FN I [False Negative] DIETH b, 7 — X 2T () & UL
THME Nl L2 EKT 5.

FERTHRARZBEBRATIIOEZERN S, IR T EWZEE IR % E 7 IVIEEE O R %

e T2 HEN KD LN D.

(FRi R (Recall) )
MH R (Recall) X, H2HEMEG -WEE - N2 EULL ZDEG -HEE—-FN L THRE
TEX-EETHDH. BRHEKIZ, ITP(TP+FN)] OBEBRL S KD SN 5B,

(# 4% (Precision) )
A& % (Precision) 1%, HHHEME - WEE—-—NEFHILZERDS L, TDHEE - iE

E—RNThHIEETHD. WERIL, ITP(TP+FP)] OB S RDOD SN S.

(FRPEJE (Specificity) )
K3 E (Specificity) 1%, R-oTCWAHEEG -WEE—N%2, ELL<BEBMETHBIFHIL

HETH D, FEEIL, ITN(TN+FP)] OfE»SsRdD oSN D,

15
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(5B (False positive rate) )
b5 M (False positive rate) 1%, iR-oTW A G - KEE— Nz, SRoTHMETHL & F
HU-BETHE. HBEEE, TFP(TN+FP)] OBEFRE» S BT 5.

AL T, LEOFEDS S, MR & TEAR] 2125295, £

MR & THEEHR] I2O2WT, KX T MEWMEEERER c 88T 5.

Table 1.2 Confusion matrix in machine learning

) _ Predicted value
Confusion matrix

Positive Negative

Positive TP * True Positive | FN : False Negative

Measured valure
Negative FP . False Positive | TN : True Negative

142 #HHR— KR4 —< > (Support Vector Machine)

PR—bIRZ R =< T (BMESVM & XKE) (14, 73,76, 77, 7R, 79, R0, RT] 1%, #HldH D
FHRIDFEIND [HETHO, ANSInzT7—2z2#0d 50 (SEEEEH) &&T —
RWEDEHMTHEIY -V UPRRERD IS IHHE Y ZE T T, FET —
ReFEUTLHFEOILTHS. KIOIDIE, SVMOEEZRT.

SVM iZ, Moz E FHEeRL T, B%H (ZFHT - N0EAMLZHOBE T

UEW, Fli7— XTI FHEEMNMETFTLTCLES 2 L) OS2 X9 NN
BEAEWRERH . RI2E, SVWMTHWONS I — 3 )VEE 2205l 7 — & O
IR 2 HEZ2 XTI oflzRLTws. RENL -2 VEKELT, AU
TUH—2I) (A A CTRE I N7 — 2V, B — 3L (BRI %175
H—2VEB), ZEHAD -3 (EBOEEL dXDOEEFFD 7 — 3V, WHh#RE

16



1.4. W FHE T L EE — MR 17

Bl — 2 (WHHMEHZEBEBCREINEZ A —FIVEE) Bdbd. ST XA —-K1F, 1—
FOVEBIZE-oTERY, REMHMEEEHVWT, RIA—-RE2Fa—-—=vI$T5ILT
SVM E TV O HIBIEREL M E 5. RIFETIE, HENT A —ZOBHRL3L, W
ROBWEINEZHAIYT V=2 IVERMAT 3.

SVM iE, 27 7 ZHBNZ & 07— X O F R % 1T 5D, RFZZICRVWTIE, 225
ZHMEZ 7 7 ZAHBNZHRR U2 T T FERZHWT WS [[4]. RI3F, 151 FEE2H
W72% 7 7 AP HAEROHZRLTWS., 27 2% TO (Fx)=1) - A (F(x)=2) - [
(F(x)=3)] O3, IR FREEL LT TADIZ T ZA%EFx) EHMNTESVMETILOE] &
LB Ea, B3 77 A0MEEROEELZSVMET IV (6#) OHBIMEE2 X, AT
R (Fx) 2HEE (28] U, RESVMETLOHDL WA HGIEERE LTH A
IND. M, KK TIESVMBEEE LT, #5535 R3.42Del071 8y — VITE

LI NZLIBSVM (BB RKZFZIZTHFEINEZSVM T4 T773VDZ L) 2HWS.

v

Fig. 1.10 Concept of SVM

17



CHAPTER 1. ## i 18
Table 1.3 Kind of kernel functions of SVM
Name Formula Characteristic Parameter
A kernel function expressed by a Gaussian
function. It is used when the type and format
Gaussian . of data are unknown.
kernel Ki(x,x)=exp(-y|lx-x 1) It has highly generalization performance ¥
(ability to correctly discriminate data other
than teacher data).
Linear A kernel function that performs linear
K(x,x)y=xTx' discrimination. It is often used for data such None
kernel " . .
as text data, in which most columns are 0.
Polvnomial A kernel function with constant term and a d. scale
Y K(x,x"\=(scale-x’x"+offser)?  fterm of d order. It is often used for ' ’
kernel ’ R . offset
discrimination of image data.
Hyperbolic . .
A kernel function expressed by hyperbolic scale
E) — . T LT k]
tlizrgrf:lt K(x,x")= tanh(scale-x'x"+offset) tangent function. It is used for neural network.| offset

Table 1.4 Example of SVM multi-class discriminant analysis results using one-to-one method

The discrimination

Class SVM model results F (x)
Q) - SVMi=+1 | SVMj:=-1 |
A(2) | SVMy =+l . SVM; s=+1 >
[1(3) | SVMs =1 | SVMz=+1 _ !

S‘u“lu'la:h(? (x)): If the class is a, it returns +1, and if it is b it returns - 1.

143 HBHEBABEVEHNET— N@ETXIE

YAV M Fz v IVREMBERNORERRLFHL TV EBREHEAD &, WEE—F

ftfr 2 O EFTVEITAKAF U 72 M RN B9 % BB € — R ARAT 1%, IROBIRD 5 REHEEE T

DT 2AECSE, BHEOFEMEPEHMERDOHEE — KU A 71239 5 KRR

X SR OFERD UG T2 2 Al REVED D 5 .

18
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(MRE - R —J1— D)

BB A =T = S RHZB T 23 M A LD RPN & o, BRBAICR

/

FEMBERNOHEE - FOTFHIRNETHL I LREZIOND.

(GERE A — J1— DL )

MBI OBG/MEEIZE T 5 EMNMEZ AT 2 REGEFOEEN D TRVE, MED
RMEZAED 5, RREGIZRITI2MBENOREE-FOFHIRNETH L N EX
L b,

(HBPEE — NN & DL )

OB D 1R G/ BT B 9 S TR R G AN WG DY, MR D 1R 5/ h B0 R A £ R
CHEHNLUTEC L2 - EOMMEE — FEFAPHRICERTE S L 5128 T 2 FEIED
Zeno, MBIORMEZEAD? O REESIZRITSMEHEROHKEE — N0 TR T
HHIEWEZOND.

ZIZTHHMIZISHTRRS D, BMFZETFETHLEI R - IR T X —< ¥ VITHE
BT OMBEE - N2 MEE D2 LI &oT, WMEE— NEE (HEHREHES)
DR E O RIG IR $IT, BB GREICH BB TORBEE-FX Y 220
AT RE L 25 Z BRI NS,

1.5 AMEROMBE M

137 HIZRAWT, HERIEE — NI FIE2 RN T 2 T — MR IC#EAT 5
GaOME, MO YEREE R L, B OGBS M 5 kT —
N#AT 2 EHEST 2 A MR T 2 MEE — NMRITFIEZ2H 2 CHETI2HENH 5
ZrHEBREZ, I TAEHTIE, INETORBEE— FMRITP VR TEAAY MZH

TOMEBIZDODWTHRA, RUFFETHRET RN T 25 IR T — NN T8 & R R
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E— FENMFEOERPEEFHEOEZEREZ AL, AMEOMEEZ ERT 5.

WEE — PPV AT 2AA Y MIET LML LT, RIIRTHIOVH B, )
e — N2 BEINICFAET 5, BAKBEX SysML (Systems Modeling Language) % F \ 7z
FIL[R2, B3, 84], AEAHRORTTHNT [RS], HEHE R O H#EC [86] ¥ HAZOP 2 M U 7=
ARERNLRHENTED S HEE — FREFIE[E9, R, 8RR8I VREI N T WD, HbEE—
RPHFHEL LT, AMVABEA DXL WEE—FOHENEEFEDENTI TLT
MEZ2HNFEMO, RAAEGORREHEBFIEHL, SMOFE X HIZEDE, #M
FOWEE— FE2RET 5 FIENRL 2] X, SSMIZRIT 2HE SN EGEMIERA =X
LRUAMPREBRLERERNTOZEMMEZ, 14 FT— FRRZ2HWTEHNT 5 FIL[6,6R] A
KINTW5D. HAZOPXEFE L LT, HAZOPT — X T 7 — Ol %2 24 2 3 v
Va— R w27 L[B5], HAZOP O CHBER R A Z HEIMIZEH L T Ay F VAT
L DOEAEM A F v 2§ %5 CHECKOP Y — )L [53] %, MEERDBEKDE X &1 5 JFH [N % K
ETDHYAT LB, B PIREINT VWS, FIAZETFIEE UT, WEHSZ2YHEERT
WWE-oTRHL, YEMERERD EAFROYHERITE T FEROYHE EIRIC % K
58T, wEMICFTHMZ/ERT 5 FE (WERRTA VT2 2 v 2) [B6,4], 42, 43]
PREINTWS. ZTOM, EEMZICHRT 2 EEOKREREERELILT 2%, B4
DIEEHEE ) A2 12DV T, BEEEEHOWTY 7IVRA LTIHMTEY 7TV A L
VAT ARXY b FEORE(Z] P, FEFE 2O SEZ M@ U 7 FH 6 [04)
NfEINTWVWS.

LIEIZRWT, JEME - B ERORGHERPHEPREF IS 82 EAT,
W OMERGTERE» S, MRHZET 2T — Ffr 232/ L, Y3 W& KRRk
T DR EMNEEZRRZ, U2 UEIR, 8% OHREEE — FEN FIEIMEALEL TV D,
T OB S, MAHZE T 2T — Mg 23 L, MR O /5 i
ZARMBGILEU 722 WS FHPHARRITmRE SN TWRW., Tk, 13 7HTRANRE
K€ — NN FEZMEBNCE T 2 EE — NENICEA ST 256 OFRED, B EM
IR WTHRIRI N T WARWATH S, £ I TAMETIE, MEHZET % ik T — N
rFi% TMEIEDRBFM| %2 2% T 5.
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{£1EDRBFM I3, fE - Z2t - FEEMEORRBLIEFEL LTESHVWLSNTWS
PR BE T — RN FIEDODRBFM 12, U A2 72 A A Y MR B HIRMAREO R %
W A9 5 Z L TDRBFM D 2 Lok L, WA EBRIZRIT 2 RET L HERRA L & MR D
HBGMIEA =X L DI ENRIICEE T 5 FHETHS. Lhr LIEEDRBIM I,
PR E — N F£TH 2 DRBFM 2 X — A2 LT\ 5 %, DRBFEM IZF§@E L T\ 5
AP ERHEME IR EESHHTEZ L L TH, [DRBEMIZKEEL TWR WD 5 Wik
B SR IC B S 2 AR R R AR R U T\ % 3% % A& IE DRBFM % i 9 % 5
B, REMHE - JEmBM R R e 2 2 REME2 H 5 (EIEDRBEM D). £ Z T
IEDRBFM & 35012, BWOBMEZ M FIZHOW O N T WS EWTHE FE L OB Z &
D7 TEEHE2EE ] ROHBEE — NMEFFEROZ Y2 MR T2 THBWMEETFEE2HL
T — NN FE] 2 RET 5.

a2, BEERRICR D 2 REIT LR EERE L, MBI ORMEZE & NG,
B3 2 MR B9 2 /AR IE (BE) E— FA2mEMNICER T2 FIETH D, B
BF iz AW ZbEET — NE D0 FEE, B3 28 EHE 2 5 O & EHRE 2 1 012 SSM
fRADBITIIZ Lo TREAINDZLIZEBHL, BMPEHFEO - THEI YR — R
7 X —< ¥ v (SVM:Support Vector Machine) % Fi\T, #FEE — N AT 5 R O € —
ROZEMEZNET . M OEG/MRIEIZB T 2 RGP RV D VG & E R EHR
AEEHCCTHEE - N2 ET 256, TOMTXEE2TGEE T 5.

I E CTITRERIG M€ — NN TR0, BEMRIC TREINALZFIRIZOVWT, 137
HTRAZHRELMIRTE TRV, BETERZ MRS 2 0EE — N I2#
HST2Z WL W 2R, KR TRET 2EE — AN FEIZ, #HICH
BHAENTZIVR—F 2 FRIWFITRVT, ZOFEMBIOLEEDLREEAREL -
&, MHE ORI LbN D HR U OBREHMERCHHRRE 2, MRREZ OG-0
EF)N (SSM) DEFIZ L VFEONIT B Z i &k>T, WHOBFEHBED S MBI DR E D
BAGMEA 7 = X LIRS 2 MEE— NOWRMNZENLITEEE 5. 2OZEEAR
MEOMAMEL UTERT S, AR TORRACRITZEEDY A2 1%, #iBHEO

BHTHHBEEI ORI HUT E 5 2 [07], MEKRETERBIIRWT, MBRIOZE - K
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VAL E DRRRIEE - IR A= XL e IE L, #RE LU TEOKARBE - N2 D
o dONEFMTEE I LIFHRFNRI X MEBIZED?S.

1.6 AMADERGHEEFANR

AR THRET 5 [EIEDRBFM] & [3&RGHEATE] KO [SVM & W2 ifE € — F
MR AN o@EMAHFEe LT, MR UZBBESLTe A Th 5, B,
(RERREEE ), TEFREREE), T8GE ], TR L, TH ) sz, Tt GEMOCIREE) ), T3
B (RS, TR (EEEEE) ), TR - V-2 (BEPAYTF VR
B, TEHER (MAETHES)) 280087 5.

REFHEOMBHNRE LT, MBIA - —oMiE (B - %5 - L FEHEM - MER
k) W, SERGE A — 1 — OB E (BEFE - Bat - ERERAN - B REE - FE) Fae e L

TW5.

1.7 XX THEASINSIAZEDOER

AT, KX ERICE->THEASNLOHFED S B, TR, THBE, T, T

TE—NFI,IVRAZ |, [ZE] ZHRIZEHZEERT.

(FFREY
MEHE, TR (BEYa—-VEPHREED) 2EBTH2AIILEL RS, HEL2 -
b0 (JFE)] ELTEET 5.

(B%EE )

e, THRIPEE (EYa - VEPHESREEL) PR-o-TWLEE) LLTERT

5.
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(U )
WO I, TR PG (EYa— VP lad &) OBV ER ITEH» ksl L]

ELTE#RT 5.

(HBPEE—F)
WHEE— NI, T8 (EYa - LEPHHbEL) TRETIHRFEREDIERNIZLD
DR (B R OBEE, MBIOBEITHIE) ] L L TERT S.

(VA7)
Y Z 1%, ISO/IEC GuideSI[T3] 12 0% G EDRKRAEMR L ZOREDOV LY X DML

] ELTERET S.

(&%)
2241, ISO/IEC GuideS1[I3]IZHE D&, [ZIFANAARER Y A7 NENZ ] LT

EHRT 5.

1.8 AHEDEH

HITEHE TR AR7ZNAERREL I E 2, AT, MEHZBIT 2 #bEE — N (U
AT RAAYN) @ FE (B DRBFM MO EHRE 2 1E) , W T HBEFEE ITH W72
MBI O E — MR HEERET 5.

13.7HTHRARZZE 1 2 kT 5 %, DRBEMIZ Y A7 7 &£ A X ¥ MR 5 HlR T
HROMRB Z2HEAT LI LT, RFTLHBRELE MBI ORG/MIEA =X L D
IR EFIRANCEH S 5 [{EIEDRBFM] 28325 Z 2 HiEd. ¥z, HIBRMEKEZE
#F U7 LT, HEBRAKICRIT ZREVERELZBOZEZE T4 5. DRBFM O #& % it H
U, EFEREBEREREBEOIKEEML, MEOBEE/MIEA =X LDAERHY A b
(5] 2 7EA U CHE - BEA =X a2t U, MEOBEMEICERNT 2 HEE — N

23



CHAPTER 1. #3 24

ZHEETS. RELUEFEZHEANZL —FHFZROGY L v XOHEEE — N L
¥ (FMEA & fZ1EDRBFM) (2 U, IRETFIRIZ X o TH RN IZE K I 5 86/ K
AN XLBOCHEE— NZ&, IRAICHBTE 22MEEL 7.

B2, 13 7THTHERANZHE2, I 1S5HTHE AN IDRBEMIZFEEL TW2RY, H 50
(AR D B/ ER I BE 9 B IR REER A A U T B R EHE S AYE IE DRBFM % E i
556, AW - BN AR LRI WMEELRH D] WO MEEZ RIS 5%, I8
AR TR ] 2 RE T S [95, 06, 97, 98, 99]. KGR 2RISR W TR, BIRARRIZR T %8
AEREAE R E TOREL, XETEBBRBEBIZRIDRESZ -V ERET L. £ L
T, et AE /NN — > L s fI-i8E € 7)1 (Stress-Strength model) (LA SSM & £ &d) 12/
JBIESREEBDRAENR = e RRIZE DO W BMNIT S, 2L T, SSMIEAE/&X—
viro MR OEGHMEE - FEEHL, BEEOHMBEA I =L L TETT S, ZOH
R, HESINDHIRMALDOZEALL S, MEOEG/MIEIZ X 58EE — F % in BRI 50
TE5ZeNTES. — T, HIRMEEKR O SSM fii 2 /% X — > & kD G/ARE & DXt
ST W T IR D W g MEDIEAE S B &, BB 7@ PUSFEAM & A AFR PR I D &
BT 5. REMEEKRIZK ST, X0 B - GBI MRV MR IR R S 5 15/ E A
AZAXLROWEE— %, hRMICHETE 2 2PREEL 7=.

B E TR 2 AWM B O E — N 2B TR OV TR, MR BEG/mEIC
O T — NOBEERIZRAWT, WEET— N#ENE OB O EE/m B 3 2 /e
REERIZHAE U THRERAIZAML T 2 aTREME®, BRI ZFIZ LV AGHRMER L R 535ED
FAET 5. 22T, el ZEOKEHREZ M I SSM fi 2 BT HIc ko TR I N B
ZEIWEHL, MY EFEO - THLSVM 2 H VT, iR 2/SSM fFi 2 /8 % — v
EMEIOBEEGMHEIEE— RO RIZOVWT, POHBLEZNRR L, WEE— FENHE
PANUERROBEUEZ AN T 52 LT, RtmAEL DB U2 E (FBE/MRE)
E— F2HMOMT 2 FROEEZHIET. et AE LD KT — MR b 5 2 5 R
[95, 96,97, 98,99] Z 2 Hr U, WEE— FHHDHFEEROZLEEIZOVWTEEL .

TESRHUEE — KM FIE OIS T H % 1B 1 DRBEM O FEEIT N A, 8l 0 B 5/h 1
B9 % HIE% R ER DD 720 0 B EE R Bl DS R M DB RE X BR BT T N 9 5 H R £ — NfRAT
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EEMTHL5EIIO0WT, BWMZEE TEZEMN LU LT — MR FEROREE - F
IR DM FIREOHM L REG &2 LB T HEBRN LT EZEEST L 0, AEDK
ML HNTH 5.

1.9 &R DK

AHTIE, AMRXOMBIIOWTHENS. W, R, RO RRBRICET 5
JH—=Fv¥—hERT.

(1% A5 )
L1 DHE &

IEEFALU TWLSMRER OB HR (WE - 22 - FEERE) P, wMNIRT S
MRHE R FH R OB FRESF 20 LI, B OMBERGBE» S MEHIBE T 5 R E —
R (VAT E2AAYN) OBEMENGEFoTWDE I &2k

BB OBGIZRWT, MBI OBE/MEIIE Y 5 MER-CRERZ T 0 ITRF - i
FHEPZEEFTEToTVEIRRA TRV L 2R, #EYEMLEREOH N Z2ME
DRI IEARGFI A+ TRNWI e kNS,

1.2 8 D 22 2 VEHE PR D FE B
B OZeMEMEDE X T, EEZ2BRM, BEEESG, VA233Ia=r—ray

IZDOWTHhR 5,

1.3 (ki bE € — N FE M2 O E

AHTE, WEOREE—FP Y A7 25 liT 2 EANLEATTHEIIV AT A
AV N, RORERWREEE — N F% & LT, FMEA - FTA - HAZOP - STAMP/STPA -
DRBEM IZDWTHh RS, £ D LT, fERKIEE — N FE2 RN T 5 &€ —
Rt i@ 256 0REITOVWTHENS.
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1.4 BEbE %38 ik & s T — N AT

BWFEHOME, Y R—bMRI7 X =<V (SVM), SVM D — 3 VEE, SVM D%
27 ZH R DOWTIR N2, BMZEEFER2zEEE - FEirFRicEaEs 2L
2k oT, WRE — FAENE OMBIERE S OB RBRICIKFEE S, SR - RN

HEOMHKRGBRBETCOREE— NP Y A7 OFMAAREE 2RI L2EN5.

1.5 A 58 D 3 F M

W E — R/ ) A2 72 A A Y N FIRICBET KM EIZONVTRR %, MBI
B9 2 E — N ke UT, FEREPEE — N FEPATIRSMA M LI, MR
g 2 HfEe — Fgheiiic @A cE R VWHEEHZARS., £O ETARICTIRET S
MBHZBE S 28 € — N FERORE e G2k N, ERREEE — g Rk e O
AREZPHEIZL, AR OMANEZ ETERT .

1.6 AT 92 O 3 P i [ & o of &R
AIFRTRET 2 FHEOBEHEM, M OITREFIEOHEHANRIZOVWTHENS.

1.7 AGw TR % HEEDE #
KX THHAEINLHFED S 5, RERNLHFEDOERIZOVWTAERS.

1.8 AHF5E D H Y

AKFFEDHMIZDOWTARRS.

1.9 A X D i il

AKX DFERIZDOWTIAR S,
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(2BEMPBHZBE T AREE— NE 2 i 35 [{EIEDRBFM] DR%E)
211U oIz

fEIEDRBFM IZBH§ 2 =P LITHZE, 2EDOHMWENBIZDOWTIERS,

2.2 {& IF. DRBFM
MENZEE T 5T — NN FEE LT, kil E — N £ TH 5 DRBFM D

WM AEVAE U B IEDRBFM O NEIZDWTHR S,

23XW L v X R H e Uz i T — N il
AR 2 L — B R DY L v X% W4T FE i U 72 FMEA & & iFE DRBFM O # i € —

R AT LEEEHE AR IC DWW TR B,

2.4 5%

W E — N EREE P SR o NFRICHEHT2EZRKE2BRD.

25F e

2EDETHONLMER - BERE2RTET 5.

(BE R RAEEROCEWZE FEE2HA W SEE — NUB SR FIEORE)
3.1 Iz
HREt R EE R OHRET — N o FEFICET2E RO E, 3Z0HKEN

WIZDWTIHR S,

3.2 @At 2= 1k

EIEDRBFM CHEON/ZHIA - E2Z2 B F A CRAREEZEELEZZ L, RUOZFD

NBIZDWTHAR S,
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33MEMEE FEE OV BEE — KBS
B FETFETHBSVMEZHVWEZREE — RHB S E2ERELEZE, ROZFDONH

RIZOWTHRR B,

34N L — P IRREE 2GR & U 72T — g b
WK TF-75 T dH % FMEA L ' DRBFM, &% Gt 215 D 3 BRI & 5 ks € — N g #r Eb i

BAHNRIZOVWTHRARS,

3.5SVM % W\ 7= i € — K510 4 #r
3.4 DR T — NN LB AR (BREHRZ1E) 12, SVM Z2 FH W 72 i & € — K]
S ZBEALUERIZOWTHRAR S,

3.6 55
34, 35 BoNMERIZOVWTELRT 5.

37FE®
3EDOMATRHONLHER - BR2ZRIET 5.

(4 FEAE G )
4.1 %5

2EAZEDE L O ZITIZAMIEIZRIT S 2R D,

4.2 K 5E 0 i
AMEDOHREIZDODNVWTHRRS,

e

43 FRDE

P

KR DSEDEEIZDOWVWTARNRSD.
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L 4

18 s

15

L1 HAROBE

1.2 EROESEEEOER

1.4 PR EFELBIET— FER
1.6 AT OFE AR & ERA 5%
1.7 XX TERChZBAZOER
1.8 XHAROEN

1.9 KX DB

A 4

15 Hm

1.3 eSS E— MR

15 AR OB

I FEETOFRA

i} =3

24EE
2.5FED

25 HRICBIT 3AEE— PRI ERIHEC T3 {2 IEDRBFM

2.1 RUSIE
,| 2.2 ZIEDRBFM
2.3 WL > XE W KEVEBIEE— FATIERIRE

3.1 BLsIC
3.2 sEstim s

ITEE
3.8FEH

x
38 B EERU ERFBFEEAVESEE- FIBDITFEORE

33 {ENLL - AREEENRELEREE— FERTIEBERS
3.4 SVMERWESISTE— FRIBIS T

3.5 ET— MR LEBEEEER

3.6 SVMERVEAIET— FHIBI OISR

45 B

4.1 &:m

4.2 KX OFRE
4.3 SHROBE

2% Bl TiRX1ER B
51/ (Z&3CEkT1)
3EF  EFefTam 23R B
51/ (Z&3CRR99)

Fig. 1.11 Flowchart for overall structure of doctoral dissertation
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Chapter 2 MBI T 2 fEE— NEENT %= 788

9% [MEIEDRBFM] DiE=X
21 (FC®IC

R ZETET B0 0WEICRVT, AR OERELEPEXE T, #F AT
BLERB TR NZMBREOREEE (ALY b For ) X, &R O REE
E—RIZBRBZLHWRINTVWAS[ION]. ZOMARKREIL, SESEAEE 2EO &
T HLEHEERENIERK T AARENH L. o T, Gt KR EERBECTHET 21
REMED & DM BHRME DRRGFT R IZ WS % 2121F, WFEE — N FERZ2HAE T 5 B2
NHod. MEREDORGETIL, MEOBE/MEX =X L% ETVAT 26 -HRE
EFIN (SSM) OEMUBEWEAE L RRdTZencEsmoal. LrL, MEoEes —
Rzl SR IITHMBIOBGMEE - F e MBIREDORGZE 2 5mBE R ICBEEN T 5 5
BIREZHEL I N T VR,

HAZOP[22]- FMEA[22, 31, 32]- FTA[22,83] 1%, V 27 S#riZ A < X T\ 5. HAZOP
i, A RFT7—RBLLE2]ZMHHL TREORERELZEETLILIZLINT—FDX
1 72BETEHN, ZOT770—F T, BETOAZHXIZa Yy F—x v koD
Wi e — NORE 2 RIIZLETE 2. FKIZ, STAMP/STPA i&, N¥— NZ i
THMICHIE S AT LANOBRBEROERZEM T 5 FLTH 5 [B3,51,53,68,59]. 1H
U, VR =2V MEOBEE—FLOBAMKREWENIZEKINTVWZA V. FMEA I,
PRRE D MMPEIRRBIZ BV DAL E—FEZMBL, TN oD EBEORE 23+ 5. HLU,
FMEA 1%, HMROM@A 2T NI, REeoMEOBREGMEA =X L2 ETH I L
X T ER\WVW[EY, 60,61, MOFE T, EXNEXB L SysMLAZMHHL CTHEE— N2 HE)
PIZHREE LT\ 5 [24,05,62]. TN o kMo BG/MIEA 7= X L& XGNPV 4,
MR OBEMIBIZE->TH ERIINIWEE— RERMMICRE TSI 2 IETER.

FTAIZIRWT S, LI OWBERE D S RE OEE/MEM BT T 2GS % 720 O H
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M2 FIEHZHE LS TR Ww., YHEORE L2 2HMEL ZREROHEZ ZXET S
WA Ry FORITANTBRESI NIz, REI N HER, WEAOYHM — BN 2K
AT AADEMBEEE U TIRE I N (R, HIZ, 35 R [R3, 8] 1X, U A2 3l
A2 HBEE — R O FIEIZ DWW TH L, HAZOP[RS, RA, 8R] Z i fH LU 7z KE WL 2
EHICHE D S BEER L WEE — N OME2RELEZ. LrL, MEOBEE/MIED
BED AN = XN MR EDZ L e OB O MBS 2 RBLT 2 HEEMEI I T
M, BREATEICES )R IBBE IO ZONHBRECTE O RAICUBTE S
[49], [(1) FEAEGEETE RS © OB TR D Z LI B3 2 HHG/MIE A 1 =X L), T(2)
AT A - MR AT K B IBEE — N 2T 2 HIEEBKT AILEND L.
FMECA[2, 35, 1072] I&, FMEA D& 2 B IChikR T2 5 12D HETH 5. b
E—-FNOFKEHENPS, YEOREZ2EENIRTHGELZHVTY AT LORE N
% iPili 9 5. FMEA & FRRIZ, MBRIOBEGMEEA A =X A2 HEE T 7o 234k,
BPROHGRIKTT T 5. BJE 2 Hri% (AHP : Analytic Hierarchy Process) [34, 50, 103, T04]
X, BEEMEEEFHL CEROEENEHRZFMT 2 BEREHETHL. BHL AL
DAl E DO EMEEH (MRS 228/ - WET LI LIk, REINEZE
VMG O MBS & s - 3EMi 9 5. EVEM ARG RO N & MR OBG/MEE A 7 = X L3R
BRThdh, MEOBGMIEIZXZ2HEE - R2REMNCESHTIZETERL.
DRBFM &, # GO EE R OREEMMIZ L D HEG/MIEA =X M ERLE YT
522k, WMEE—FNZ2EHT 5 [64,69,66]. HIZ, MOMETIE, H4 NT—FE
AU CAMERERBEERNOL/IZIAGL, TNOE2SSMEHHLTEAONSHE
GIEEA = X LZEEMNIT 2221280, KOZKDORBA A=A LE2HETE S
ZENRE I N [6L,68]). SSMO& L DRBFM 2@ H 3 5 Z & T, Mk D ZE{iz
FoTHERZIINDIMBE— N2, BEOMMBIERE»S LV RMICRETE S.
LA U, MRRMEDZALIZPE S B RO G A E R REAM 2 ZER Lz 7o 23 F
EHESL S T WVIRD.

ZZT, VAZEEIZE T D EEHMEROBE SR % DRBEMIZE AT 2 Z i &b, (1) %
PR CBREIZAL), KO T(Q2) MBROBGHEA =L OBGBZRET 2 HRN
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BT OE R BT DI L ABEL LD [I05). BETHEAE, WORATY THEE
Na. mPDATY T, BEHERORKG R OREEROLEE/ZERETEILTDH
5. IROATv 7%, DRBEM Oz EH L, EFREE ZERE (B A TRELK
DAL MHBE X, HEEMEEA =X L) 2 b [105) 2 1 U CTHRE/MEX 7=
XLt Eh, e — NERPRE IS,

RETIE, 1.3.7H TR AR T — NN FIE %2 MENZ B3 2 8 € — N ig#ric
W 256 OME THERREET — NN FEORBZ BT L, MBI T 2 kT —
RARATICEACE D IMBE — N FEIBEI ATV GRED ] 2RIk T 2 %4,
VAT T7R'ARXY MZRIT 2 HIRAROMS %2 DRBFM (28 A L, DRBFM O i Bl % fR5R
U7zl e — N FiE (AEIEDRBFIM &9 5) 24 FKT 5. L —HVFRHE I AT A
EREA 6Ly XICREFEEZBEAL, TOAMMEZ FMEA & OBEEE — N T LK

HEIZ X THREET 5.

2.2 {ZI1E DRBFM (Modified DRBFM)

1 #IZAWWT, DRBFM &, W5 OGBS 5, Bl (REEHE) ROE SR
(BRBEZAL) #2FEUMBEE— NN (VA2 T7E2AAY M) TR IC L 5%
ARAEETS 2T, MERPHES EHBOME - 22N - GFEERNEO KRB IEE AT
REICT 2T — NN PIETH D 2k R7z. UL, MR O 85 S8 % R AREG Ik
THEWIBADP S, BEITRIT 2 REFEHEBRELAD, WHTHARENT TV
AT LTy TV —f - EVa— )l EEICHCS TS (BEREM) MOk o B 15/hK
BT — a0 ITRFEZ AL & O Fm B 2200 Je AT 1 D3MREE & 3 S8R TIR N A, R EREF B
B R ARG B C ORI EEICR VT, MEEROKEE—-FX VR 272 FHT 52
CIINHETH B

ZZTAFETIX, DRBEMIZY A 27 72 2 A Y MZR T B HIEAROM a2 EAL,

DRBFM Ol & &2 HEiR$ 5 2 L 12 &> T, REIELHE - BREE(L L MR O BEMIEA =X
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Ll DX E N RIE T 5 ikkEE — Ngr Fi5k (B1EDRBFM) % f2 %9 5 (70, 71)].
& IE DRBFM 1%, KA e R stk D e |, [ RKEHEEANDR AR = DA, 13
FHERRDIREZ N X — VICBEET 2 MBI OBEG/MIET — FOWRE], THME O EG/MEIEIZE

THREE—RFNOWRE] D7 ot A6 5s. MOk, BIEDRBFM® 7 10 — % ;77

Stepl,2 Setting deviation patterns of :> Step 3 Setting deviation patterns of Stress-Strength
design specifications model(SSM) and deriving damage/fracture modes
¢,;; Component condition (variables) Oistress,i> SLIESS parameters
(materials, size etc.) Diirengmy> Strength parameters
¢;; Environmental condition (variables)
temperature, humidity etc. Ci=+ _
. ( P : - y . ) If e. = O_stf‘ess,f_+
t;; Usage time condition (variables) /il _
(load, usage time etc.) L= strength,j
C; + (excessive state) @ Using association table
2 0 (normal state)
f - (insufficient state) M
Ostress,i ¢5;,-engch k
> e
k
Evaluators (Designers) in design review
consider the deviation patterns

U

| Step 4 Determination of failure modes due to damage/fracture mechanisms of materials |

FM, = k + ( failure state of components) = Failure mode™

> Damage/Fracture of materials or Changes in properties of materials

Fig. 2.1 Proposed failure mode analyses procedure caused by damage/fracture of materials retrieved from
deviation patterns in design specifications

RIZ & 1FE DRBFM @ R D Ml 2 R 3. EIEDRBFEM X, A FIZRT4DODFIEN S
%% .
o TJIE 1. AR 70 3% GH Bk D fHE
o FIEH2. HEEREANDIFEN X — 2 DE A

o FIH3. Bt DRAZNZ — 2 IZBE T 5RO BEG/MIEE— FORE
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o FlHA MBI DOEEG/MEIFEIZE T 5EE — FDOPRE

FME 1. A AR 72 5% B Ak D 8% E

AFNETIE, B 2GRS UT, MERERZMA (MR, AR, M GEE),
Bt GEE, &, EHGHORKEMESE), ROREICBEE S S &M (MRF/RERH
bE, PRAMAMMEE) 2%ETSH. 20T, RET (@) TRITAY L > XORBE K
HEBZ R U 72,

FME 2. R EHERR D (R A S & — > DEA
ARFMHTIE, HHERORENX =Y 2R ET 5. WEHEROFZE NN Z — ik, WS
# (F2.10b) Bl Z2EKTHI i&oT, MEORMEEMIZEHENTONS.

FME 3. A FH LRk DR 22 /N & — VI BE S S MR O G/ T — N DR

AKFIMETIE, FIE2H» S5/ 6 N et kD28 & — > & bR M 2846 o i B £
o, £21 () CRITNIEREZMHDO L, RKEHEROEAE S X — IZEE S 2k D
BOMIEE — N2 2R 5.

FE 4. bR DG/ T 5 R E — N DO RE

ARFEETIE, FE3I»SHE S NMEOBEGMIEE — NIz, (IRMRBEME E LT
FHAPMESNZEITD) BEOKRBIREORE2EMT 22 2T, LMK OHES
RIS 2MEE—FZ2RETES. BonzRIE, K2R THIZEIEDRBFM
J—2Y—hMIRAING. M2, VAZT MY AERT. MEOESMECHE
TEHMEE—FRDYRAZIZOWT, VA MY ZADEREROFKEHENS ) A2
VARDBRESND.

BEFEOD 7O —F v — MR- THREE— NENMZ2FETTBE, VA HEOER
WARARIZERZETH DEG/MIER = X LADMEIEDRBFEM IZ CTERIZIEE SN T WD A,
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36

WHE—FAE 26T Y A2 IZNT L hREMBNIZEHTES.

Undesirable (II)

629

Acceptable after checking (lI1)

10==17

Fig. 2.2 Risk matrix for experiment

g:;;‘:ge Severily ofdamage Catastrophic ( | )] Severe(ll) Moderate (|Il) Minor (1V)
Frequent ( | ) 7 13
Likely (II) 9 16
Possible (I1) 6 11
Rare (IV) 8 10 14
Unlikely (V) 12 15 17
Correspondence standard Risk level

Table 2.1 Table2.1 Excerpt table used for failure mode analyses by damage/fracture of materials (a) Design
specifications table for material property and environmental conditions

Design specifications

Component condition

Environmental condition

Service condition

lens barrel

Mate Tempe Time for a | Service | Inspection
Size |Strength| Assembly Humidity | Ambience Load
rial rature single use | period period
Every
Built
¢40mm| 100 0~ 30~ 15 minutes | 5000 1000
Glass in the Medical site | 100 mW
t10Omm | MPa 40°C 70% at once hours hours
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37

Table2.1 Excerpt table used for failure mode analyses by damage/fracture of materials (b) Deviation

patterns in design specifications and changes in material properties

Design specifications
Component condition Environmental condition Service condition
Change in
Fun related
. . Inspe
ction material | Mate Stren | Assem | Tempe Ambi Service
. Size Humidity Load | Time ction
properties gth bly rature ence period
period
Trans | Transmittanc Not Not High High Not
Deviate Wrong | High | Long Long
mission | e reduction | equal | applic | applica Low Low applica
able ble ble

Table 2.1 Excerpt table used for failure mode analyses by damage/fracture of materials (c)

Association table between the deviation patterns with damage/fracture modes of materials

Change in design specifications Failure mechanism .
Cause of failure
Failure mode modes in
Fun Serene
et .
) Changes in (mechanism design,
ction . - ness
Environmental failure state) evaluation or
Design change Fracture type material
change .
property production
Degradation of Misevaluation
Transm Laser load Not Degradation of Not material failed of durability of
. Serious
ission is high applicable material applicable transmission of glass by
light irradiation
Misevaluation
Long-term The transmittance
Transm Not Not Reduction in of Long-term
irradiation . . decreases due to | Serious
ission applicable applicable | Transmittance laser
of laser defect
irradiation
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Table 2.2 Example of modified DRBFM worksheet

Cause Effects Assessment
Part | Function |Failure mode Mechanism (design, manufacturing, | Frequ | Dam
Rank
evaluation) ency age
Not
Do not install on a flat
transmitted | Fall from the desk v I 14
location
cracked
Transportation
Not Condensation due to the
equipment storage
irradiated temperature difference v v 19
indoors below
condensation (near the humidifier)
Light trans freezing chamber
o Do not have the parts
.| mssion Aging v 111 14
Opti
replacement
cal Not
lens transmitted
material Excessive laser | High power laser irradiation
v 1T 10
deteriorates irradiation in the 200V input
It cannot be
Optical axis | irradiated to Immature 19-years old less than
v 1T 10
retention the target operation inexperienced person
point

|

23 WML Uy XeWRELIEHRET— REBITLEES

231 HEBET— RRTLERENE

MR RIREN 2L —FRA AT A ZHA WYL v X &M LT, FMEA X}

f&1E DRBFM % i U 72 it b & — N LR E %2 16 N 1218 THEMBU 72 (Fr EKy
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f1:90)). B ZEWIT 20, [BHEEZVWAR], & F#E (FMEA & & 1F DRBFM)

OMELELEBTFIE] Z2HESMECHHEL, TOMBIZT—X22MEHTI2RAEZ2E7-.
M, HESMFICIL, kREEOHMA, EIEDRBFEM O E MO TH 5 Z & 13(E
Z TV,

HESMEXETFMEA 2 L, T D%, EIEDRBFM % E i L 7z, FFMMiERE e U
T, MR DGR A T = X L O FHIEL, 12,58 D BAGMEE A 71 = X L O sl 3%
(%)) D2ODIEMEMAL . (MEZMHEL T, RE S N/ EIEDRBFM M # K D H
GIEIEA N =X LD L DL DFEHZ2EEHTILENTEEINE SR E NN LE.

1.Nd. YAG laser

2.0Obejective lens

Green light

Fig. 2.3 An optical objective lens with a laser irradiation system for the case study

AREBE D FMEA 1X, A RO FIEIZHK > TEHE L 7-.

1. F4REBE RE D B

2. MORHZ RN % k€ — N 0]

3.MBHIER T & &€ — N O RN O R E

4. VA M7 AZHWERER{OFEEME, BEHEE, VA7 VNVORE

5.0 A ZARPRTT KD RGE
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ARiEE DB IEDRBFM X, A FD FEIZKE>TEITL .

1. MR BE D B2

2. MORHZ N3 % #hs € — N ol

3MBHZENT 2T — FAERA =X L DFE

4. MRNZER T 2 R £ — F O KO R E

5 VA MV AZHAWERERFOREEHE, BHE, VA7 VNVORE

6. ) A ZAKIE SR D P E

AT TR — N AT LR S B A R O LR B I D W TRl 9 5. FEMlifFEE e LT, M.
MBHZ R T S HEG/MIERA 1 = XL DEGIEE] & 2. RN ER T 2 HE8E/ME A 1 =
ZLDHHEER (%) 2HVWSEZ L IFEBEICRRZ, D200 Z Y Tk 72 EE —
RFICEEE R R, £ (MEHCERT 2 BEG/MIEA =X L0 X1 THIE) RO
FrA (MRHIZERT 2BEMIEA DXL — 2B E T OMERDOLE) TH 5.

WIZEKRDIADMBPHZENT 2EEGMIEA =X L DR A THDOFEFIEIZDWTHIHA
5. mEAICEL L WHEICER T 2 EEMET - RO T, FaifRo LTl
fX L, FMEA & f£1E DRBFM D i 512D\ T, #MEHZEKN T 2 HEE/MEE R 7= X L DK

ZLAFORRIZEHR U 2.

L b R S BRI MR B K 2 RGMEE—-F2 7V — 717 5.

2. MRHZEN S 2 HE/MEE - FOME 25T 5.

3.8 24 TOMBIZERNT 2EE/MIEE - RNRDODAN=ZALOHEHEKT 5.

4. FE3 TRHBENIZAI=ZZXLDON, NENELELTWEH0LEE L LT
T 5.
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RIZEDADOMBHZEK T 2EE/MIEA = X LD — 2D 732 D\ T St
3 %. FMEA & {8 1IEDRBFM O [fi 5IZDOWT, MEOEGHKIERA =X LD ELTD

BRIZEIRE L 7.

o 1. FHi#E R S MBHTEKN T 5 EG/MEE-—N2RET S.

o 2. HEZIMAZ DFAMAEREIZ, ATy T 1TRELZMENCERK S % EE/MEE —
RDOAN=ZXLDEEEFHBHT 5.

BBIIHMENCER T 2BE/MEA A= X LD R (%) OFEAEIZDOWTHHT
% . FMEA & f&1FE DRBFM D i 512 D\W T, MEHIEN T 2 EE/ME A 1= X L O HhiH
K (%) ZATFTOBEBKALSEHEL -,

TR (%)= (MRHZER T 3EE/MIEA D= X LDEHB G EE D — A KD
A MR KT B EE/MIE A = XA DEEE) *100)

232 MEE—-—FERTLBEBRER

F 313, FMEA % 72 |3 1E DRBFM % i fH U 72 55 & D G/ € — F 045 & 815/
WA =ZZXLDXA T2 RLTWS. [H@EE] & [HERFE] D2 >DE&EEIZ O W T,
HEEE  HGMIEA =X LD XA Ti%, EIEDRBFM O i FMEA DS D L 0 $ &
Motz TNk, MEOBEGMEIEE — N2 X 3R RE 13k 5 & I DRBFM @ A %) i
DETHDBILERET S,

KAWL, SEESNENRE L MR OBEGMEEA 1 = X LD FHFHZRL TV
5. MEOBGHEIEA =X LE2RETEZHEESMNEDOEEIE, FMEA T563 %, &
IEDRBFM T875% CTh-o7z. Wi D HEDHKIL, tREIZI->-THEENRD LN
(t=2.0, P=0.025). {&1EDRBFM IX, FMEA & b & MK O EG/MIE X = X L OPREIZ
DVWT, KV RALFETHIENVZS.

#FDAlE, FMEA X OB IEDRBFM CHE I /- i€ — N &, Xind 5 EEG/Mm i X
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H=ZXLOHZRL TS, HESMH No.l DI5A, WD J57E TH B OB EG/MEE 2
NZALEBRRETER P/, T— Y — M, BZ 6 WBEE — NN F %O B
DAY DTHB4, SMAEZEBINTVWRWIESHN LB OEEGMEER =X LD
AMEENT W, HESE No.16 D%, FMEA TH RO BG/MEEA 71 = X L % K
ETERDoTN, BYEITE DM B ORE O EG/ME A /7 = X L I1XEE DRBFM TiE L
CEH XN, HES & No.5 I, [EIEDRBFM & » £ FMEA % i il U T kK @ 1815/
A=A L2 L0 ERETE LM —DHEASMETH 7. FMEAT — 27 ¥ — b IZ
X, BRELRISICLI2ENEORHEDA I A LNEENTH Y, W HE T E
T+ RAEMPRERARINT W, TOMEE, BIEDRBFM &, #k o 815/
BAAN=ZZXLE2RETIHRCHEMREZLXETEZ VWA S, REBIX, AFHFCTHELN
7z, B COEFICHET 2 EHNESHALREFEORITEHALEEFEOEHGZRL TV
5. FMEA D —#OHEAZMNE X SN LEERDO % % L7d, EIEDRBEM T,

ZORBAB VIR Z R U ZEHESMEZE W2 PoTz.

Table 2.3 Retrieved damage/fracture modes, mechanisms by the groups of FMEA or modified DRBFM

The number
Type of The number The number
Type of Type of of
mechanisms of of
Function | damage/fracture | mechanisms mechanisms
(Modified | mechanisms mechanisms
modes (FMEA) (Modified
DRBFM) (FMEA) (common)
DRBFM)
Light
7 9 11 11 20 6
transmission
Optical axis
7 5 9 6 17 2
retention
Total
14 14 20 17 37 8
number

42




23. AL v XENR L U REE — FEN R EE

43

Table 2.4 Comparison in the ratio of persons who could retrieve failure modes caused by damage/fracture

of materials
o The number of damage/fracture mechanisms
Participant
FMEA Modified DRBFM
No.1 a 0
No.2 0 2
No.3 1 3
No.4 1 1
No.5 1 &
No.6 3 2
No.7 0 1
No.8 0 1
No.9 2 3
No.10 3 5
No.11 4 4
No.12 a 2
No.13 1 1
No.14 1] o
No.15 1 4
No.16 0 3
Ratio of person who retrieved failure modes by
56.3 875
damage/fracture of materials
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Table 2.5 Retrieved failure modes caused by damage/fracture of materials

Functions Failure modes Mechanisms Evaluation method
T it Generation of defects by
L. ransmittance ) ..
Transmission . long-term irradiation of FMEA
reduction
laser
Transmission Transmittance Brittle fracture FMEA
reduction
Transmittance Generation of defects by
Transmission . long-term irradiation of Modified DRBFM
reduction
laser beyond assumed
Transmittance Brittle fracture due to
Transmission : overstress from holding Moditied DRBFM
reduction .
mechanism
.. Oxidative degradation
Transmission Lens fracture & FMEA
due to heat
.. Cracking due t
Transmission Lens fracture rac 1pg L.le © FMEA
deterioration
Lo Deterioration of ) )
Transmission . Ageling Modified DRBFM
lens (materials)
L. Deterioration of Fatigue due to repeated )
Transmission . & . . p Modified DRBFM
lens (materials) vibration
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Table 2.5 Retrieved failure modes caused by damage/fracture of materials (Continued)

Functions

Failure modes

Mechanisms

Evaluation method

Optical axis

Optical axis

The table is deformed at

holding misalignment high temperatures and FMEA
the optical axis is shifted
Optical axis Optical axis The lens l?reaks off due FMEA
holdin o to the residual stress of
g misalignment
the lens
The table is distorted at
. . . . high temperatures, the
Op tlca.l axis ().pt1<?al axis lens is displaced from Modified DRBFM
holding misalignment :
the table, and the optical
axis is shifted
. . . . Fatigue failure due to
Op thEl.l axis thl‘?al axis shock and vibration Modified DRBFM
holding misalignment . .
during operation
Lens dropout because of
Optical axis Optical axis fatigue failure due to Modified DRBFM
holding misalignment deterioration of holder
materials
Optical axis Optical axis Fatigue fracture Modified DRBFM
holding misalignment
Optical axis Deformation Exceeding product life Modified DRBFM
holding
Optical axis Lens tilt Corrosion at high Modified DRBFM

holding

temperature
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Table 2.6 Rationality of relations from design specifications, damage/fracture mechanisms and failure
modes for both methods

Number of rational |Number of irrational| Ratio of rational answers in
Number of answers
answers answers total[ %]
No.
Modified Modified Modified Modified
FMEA FMEA FMEA FMEA
DRBFM DRBFM DRBFM DRBFM

1 13 7 7 7 6 0 53.8 100.0

2 14 6 11 6 3 0 78.6 100.0

3 6 11 6 10 6 1 100.0 90.9

4 14 8 11 6 3 2 78.6 75.0

5 8 7 6 7 2 0 75.0 100.0

6 9 4 7 4 2 0 77.8 100.0

7 5 7 0 5 5 2 0.0 71.4

8 6 6 4 3 2 3 66.7 50.0

9 6 5 3 4 3 1 50.0 80.0

10 8 7 4 4 4 3 50.0 57.1

11 6 8 4 8 2 0 66.7 100.0

12 5 5 4 4 | 1 80.0 80.0

13 8 4 5 4 3 0 62.5 100.0

14 10 3 5 3 5 0 50.0 100.0

15 6 8 5 5 | 3 83.3 62.5

16 7 6 5 6 2 0 71.4 100.0
mean| 7.9 6.3 53 53 2.9 1.1 66.0 84.5
S.D.| 3.1 2.0 2.7 1.9 1.6 1.2 224 17.7

24 EE
W OMERGBRE» S, MEOBG/HEEIZE T 2 WEE — Mg 2 EH T 58, M

Pl o2 iz BN d 2 EE — N2 EH 3 5 1F DRBFM % {8 L 7-. {&1F DRBFM
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i, MORVRME D 2 LIRS S G/ IE A 7 = X LIRS 5 HEE — FOPRE IR
T, WBEE— FETICABML TR nE 00, EHERERFASEEREESMNMELZ EF<X
BU., ZOMBGERR, SEYHEEzRE S L2 P, oo mE a3
FEVER R O T B RARBG LT 5 2 & ITRILD.

B2, RIIDGFFEMANEDOEGHMEZ O L, KEHEROLTE, WIS d % HE6/MIEE A
H= X b, BOBRMENLEBEMIEE — FPEWICEHEKANIIEEL TWE 0 E D 2% MGk
L7z,

(BHEWNRTr— )

ERER AR = R A SRR Tl =R [ RAR: - D
TEAG/MLEE A 7 = X L c g5 55
WEE — N BIEIC X 2B MmO HEK

(REHRTr— )

REHERROZE  REN LR

G/ IE A J1 = X L BRIV D AR R & 2 MM f

(TEMBORGERIZ &L 2 &, BIEHEIZHNT 25, HEOREN EFT24ICETT
5 Z L)

WEE— N EIC XS EBDEK

KIBIZRTERIC, ABEAFEGEAREEORE, £ TORZFIZRIT 2 E MR EZEO
HAEMVRSI Nz, BIZ, ~HOEESNE XSG ZEEDEHER0%TH 70, BIE
DRBFM (&, MBI OBEG/MEIEA =X L2 RET D TORXATHo72 48, TOKRBMEW
BREZRUZBEEZMEZ2 AN D o7, [EIEDRBEM I, HEE — N & O &%
PREBRIZBER R K, MR OBEMEA = XL IZEE T B REE - R 2 RET S BITIK
BiE — Ngfr & 22 RIICKECTE D, Tk, BEHEOWPEE TR Z v 132 hE

RETEH 2O T DITHILD.
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NS DFERDS, REFKIZEK, UTOLENMERHDEEZOND.

(HPRE - R BE 2T T B LAl )

EIEDRBFEM Z i1 4 % &, #EHZE T 5 EE— NP ERTE 2%, BEHE
BEIREET B MR L VR T — X2 2l MG R R EFICRMETE S, A EER
REFHEX, MBLZ2WFMT — 212KV T, W OEBEKGERED? S X2 0 & WM

RO 2 EINT 2280 TE, ZEXREHIHEST S22 O MHPMGTE 5.

(5 1 B TR S B T S il )

fEIEDRBFM Z i1 4 5 &, BBIZH AR ENZE YV a— )V FR MO M & 5
WEE — NN 2 HEiicEMT 2 Z e aafee s, WHEOMBEIERE» S SVWEs
MEfMRT 2LEHRFFTOFITICLD, Lo RehBEE2THICHEATES. HiZ, MK
D EAG/MEIEIZ BT 2 HFR ORI EMOREIEFEE N R L LT, EIEDRBFM & #¢3K
W E — NENTFEE2 AW R 2 LT 2 L BEAFROEEX A F LD Eic
"5,

ZOWMAEDOEHEBIL, ROEBEY TH 5.

e I.DRBFMIZV A2 7 A X v MZRT B HIBEMAEOM & %ZEA L, DRBFM O i

HeEfRLLZ L.

o 2. RGO A FHERIE AL & MBHZEE T 5 HEAE/MUE T — N O X nfd i) % ] g8
72 &,

o 3. XEMERRD I EHERE AL L MENZ BT 2 EG/MEE — FOBKIZE DOV T,
M OMEREERE»S, i G, TYVa—- LVRELED) OFREMEBNIER T
HifEEe — K2ke (PH]) +aHEE— KRR (VAT AXA VY N) FEZFE
LI &,

o 4. i E — NRNT & OB O EAG/M 2B 3 2 ME e B BER R <, MEhzE

48



25. £& 8 49

Kd 2 HAG/MEERA 7 = X (MEHZE RS 2 HE/MIEX 1 = XL DEREY X b
ODERZEL) ICHEETIHREE— FOHMOR RN L LEEZATGEIZLEZZ L.

& 1E DRBFM (%, 2% atfLhk D% G4 BB B2k & MR O BE/MEE — N %2 W u A
ME O EG/HEEIZE T 2 EE — NOmMBMNARERZREIZT S, ZOZ X, 1.3.7H
THAR7ZZRE PRI SN Z2EKR L, EIEDRBFM O EERIZ & b, "5 OHERKE
BeBs A S MBS 2 BT — NAREIF AT RE L 7o o 72
f£IEDRBFM O 7' 10 2 TlX, #EHERR O EHEH/EREZ L O MET (2 BE 3 % mlge
DHDAVE—=FY MNP SREDMEEKNOBE/MEIEA = X L% EIRT 2HEND 5
&, WEEE — NEFE ORHECRBICEINIIKET 2 7o AnGFEhTn5s. 2
DB Z RS 2 8/020%, I, BWEEEZHOTHROBRGMEA W =X L%,
DI EOHBINICIRET B HIEOHENEZ SN D, Z OO FHIfFsETIE, B
MOBREE LT, MEONZRMEDAIZEREZ LY TTWVWED, BEI N HEITH K
BIBEEIhZY., ZRECIVE—F Y NORJIERFT I2HEND 5.

25 F&oH

ARFETIE, DRBEMIZY A7 T2 A A ¥V MZRIT 2 HIRMKOM & %ZE AL, DRBFM
OB ZHIET A LI2EoT, 137THIZTRRZPE 2RI 5, B L H/BANE
& MR DIRG/BE A 1 = X L& DX Is & 2 RN E 2 i bE T — NPk (BIE
DRBFM) %% L 7-.

AR 2 L —FRE S AT LA Z AL v X% 412, FMEA K& O IE DRBFM
Z U b€ — NN LM S (&5 16 A2) 2 %EfE L, &£ DRBFM O A
KM% BGE U 7o, OB E — N ARAT EL R B RS IR O MGGE D ARSI, FMEA & HiRL T, EBIE
DRBFM O /i M RHZ BN § 2 i€ — NN FIEEL L THETH S Z L 2R L /2.

fE1FDRBFM ORESEIZ L D, 13 7HTHARZHEE AR I Nz,
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Chapter 3 RETREZEZRUOEHBEEFEZRHAWE

HMEE— FHB DR FIEDIRSE
31 IELwic

HREMEMRE, LY X - T XL -2 v =50 EAHOFR E U TAL RSN
TWa. 2o QYR - (LFEH - MR EIZ 2 R =2 Y POARAIRZEEETH 5
D, MEIORMEE, BE 7o ZIZRVWTIHREF v I N, Eo/&E R, BEXL
BROWEBEXZHIZEDHMBEEOERLZWELEZ, 2084, AV E—F > MY
BoOBGMEIZLLayR -3y bOoE25SEITE. avF—F > bOfEzE
FRIHNIZBA LS 2 212 1%, MR OBEMIEE - NIckoTllER I I HEET v K-
AV POBRFEE - RE2QFBOICRET Z2HERH D, IGHHEEET IV (SSM) O i fiR
Mr[64,65,69] %, BHE, MEI Y KR—3 v b (BEEZEPWHERE) IZFLTDOAZE

TENE., I —FOBEIHMEICOVTIE, FEERROADTRETDH 2 4, HEE/MHE
BAA=ZZALIZEODWTHEE/MEE - NEIZEINEV. RHEORBMRERE T ViR — X%
YN OBEENRKDNDE N E D hRRBRE NG, EEERR OB RN TR NG
&, MEHOMARENEE I NI AHOBE/MENI SR I INDAREND 5.
WoT, /MBI EEST 2 EE— N &2 PHlT 2 2 ORE DT FIENATRTH 5.

PESR M B € — N g 1512 1X, HAZOP[22, 51, 52, 53, 54, 55, 56, T06], FMEA[22, 6, DX,
79, bA], FTA[D2, B9, 40, &1, 87, 43,84, &7 A& £ b . T o O ik, MEOEBEEG/mEIZ
EoThERIINIWMEE-—R2RETEILE2HMNE LT VWAL, WEE—F
DPE T a2 AR OEG/MRIELZRET 27-2O0WPERFIHEE ZHEILTY
72\ . DRBFM[b4, 65, 09] i%, #EF/8T A — X T BRBESRM O Al 2 2212 & 2 MRl o
G E —RICXoTH ERIINIWEE - FERET 2K ITREI N, DRBFM
Taw ADSMFIIE, MEOREDBG/MIEE — 2 REI N DD, BEHMEKOFE
DFREMED S, MBI OBRGMHET - Ry -3V bOKRE L THEL Z2EE —
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RETOABEMRIE 7o 2%, MEWICHEBEINL TV ARV,

R & KERIE, SMEPHG IXBRE AN T A - RO ge W2, I -MEETILVOM

BT S5 MNR -, ROBEST M OBGMEEETE - F2RETLIHRIZES ZENT
& 52{EIEDRBFM 70 & A & 8K U 72 [71,96]. 4% & ® FHHIAF%L 1k, & I1FE DRBFM 2 )L —
TDSMEDN, MEOBEGHKIEIZ LT ERIINOIMEE — FOBE KIEIZHEPT
LMW TELZ L EMRULIYE. EIEDRBFM %2 L CTH, #&EH/ERBLEM O {2 ]
2—raFZRU, SMOLHICHEEST BEADOHREE— FIX, @%, BROBAMHI1E R
INDR/ITPRETE RN, HIZ, EMROEW A2 10X, REVRESRGDRE X —
Y Do TR SSM DREDEAL o AEHLWEE - F2HRET 5 U A7 AUKR
ELTH-STWS., MEE— NEMEROMEZM ESE D8, MEE— FBRTFERO
WGE ik 2 RET H2HENH 5. FHIHSETIE, FMEA IZFEBEOREE — D17 % %
ETERNPS7ZD, T06lF) A7 BEWT & WRBI N/ DR, MEEIEX, #fEE— N
EEDAA=ZAL, TNOOEEE, RONEKONEEZRET 2 HICEMT 2H6ELH
. LEBELERE, WHEE—REZORAIXLDOWREERIATEZTHS. 2
Nk, WKRORMBNLFHEE, BEOREZHOS T LICIHERABLIREZRETE
575 ThH5d[04,05,09]. HLU, ZTORBMIEAEFTELZH IS N TR,

B E TR, WEE—REZORA DAL OWREIZETEZRIEDBI 42y — LIz 7%
5. 77V —%HEHIEZ, 77 Y —IF-THEN )V — )V OFEFH DI DI WT Y 2 7 BREHK % #E
BT B BT S F L EA X N7 07, 108, 109, TT0]. Guimaraes 5 1Z, PWR (Pressurized Water
Reactor) 77 ¥ b D —¥RI)V— 7 D@ EZEE)IZ 5 1) 5 RPN (Region Proposal Network) @ 5&
BRI 77— EGmE @A L 72 [110,112]. Wan 51, 7 ¥ 7 AR —Y z— 77— Mg (DST:
Dempster-Shafer Theory) & BRAfR & DRI IC & % 3# U7 D E A 1 Fi% (TOPSIS: Technique
for Order of Preference by Similarity to Ideal Solution) % $2% L 7=. TOPSIS %%, k4 =M
ROBRDOT — XLy MZHTHRPNOIm AL ZRETE 5. HAZOP T — X THE
TRHRARMEODHE LTI —2BWTAHZHODIVa— X —FEVATFLERESI N
[55]. Palmer & Chungl&, Ny F Y AT LDEEEZ F v 7§ 5722 HAZOP 43 i1 T

IS 5EEEZEHENIZEMA T 5 CHECKOPY — )V H 2R L 72 [R3]. WEARDBE L D #
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ZAONBFENEREST DV AT LABRESI N3, 44]. WMEERICA VT 7YV IIE,
WREAEROT I —Z2REL, MERRDIRTMITIZL-oTEZAOSND AT A XY
NERET D AICHEHE I N [BA,82,43]. Y R— FXRZ X —< ¥ Y (SVM:Support Vector

Machine) [[77, 78,79, 80, R1, M13] i, T >R —% > b DOREREZ 2T 24, HKahiE

HOTF—Zty MZEHAINTWS., —FH, Z2M&EIENEE 7o 20 &ML 70
YRS ZLIIRNBETH D, RESNIZHEE - RPBSMEFIZL>TIERHNTH 5%
&, EHMROEREHELICHAET S I3 cER\W. /KD 77y —7 o —FI%, RPN

DERMMAEDAZBHHE LTWD. WHERLA VT 7Y v 7, FIAZ7a & 212D
WTHBENTEY, MEE - R ZDAI A LDPREIZE T B 70t A2 BB
BT LI RTERV. T0LE, BMEE GERCEMETE, 2MEo#EE—F
fEfTAE R 2 G ANS Z BN TE 5, WRINICHHENZ AELBLETHL. T0
ey Va—vavid, REREEROME, BET 26 mERKO A, KU
T 5RO BEEMEET — RO BEMEE2 W2 TR > TERETE % V6], &
HOMBIRY, MEOBEGMEIZL T ERIINIBFEE-FORE T oA L Z
DMGEE7 B ZOHRI L FIHZEZREI DTV AR,

AETIE, 137 HTRARZZHECREEE — NN FEZ RN 2 8 € — g
WS 256 O TR AL £ 2 B E OBSREIZE B U 72 38 0 8145/ 512 B
THHEE — K2 (PH) §2%EE— R TFEPBEI ATV R (GRE2)],
KO 1LSH TR A7z TDRBFM IZHEE U T W\ B 2\ AR O B 5/ 8 2 BE 3 2 JIGH X
BERMBTE L TV D #&GHSEIEIEDRBFM 2 E i 3 2854, A HELM - FE R ELIK 2265 5
LRBARENELR DD VWS MEEMRYET 55, MENCET 2T - Rl (VA2
TRAAYN) FHe LT, I3GEHEZ 1% (DDM : Design Deviation Method) | % 259 5.
Wt AR 2 AR 2R L — P HREV AT AIZEMA L, T DA% FMEA & U DRBFM
L OMBEE — NN RS IC K> THREES 5.

B2, BMPEFEO - THESVMZ AW HfEE — NH AN FEZRET 5.
SVM % F\\ 7=t B & — NI 50 0 A k18, 3G 22/SSM i 22 2V BAT /2 & > TREL &

NBEZELIZEHL, SUOMDEZ 27 5 ANBHIZE-oTREE — FETEROKEE — N Z
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Y2 HIE L, MR OB E/MERIZ B S M0 REER Y A A Wk F DGR A2 TR 2 T
WTHEE — Nt 2 Ei s 256, TOMT2XELES.

SVM % fl\\ 72 iU iE | — R A A%, MORHZBE 9 2 JIak - BEER YA U T 5 i s
T — N &I & 2 GBI 2 M RHER O BEA/ME (HE) E—- FORE2LETE 50
ESMIOWT, TOAEMEE, et AKRIC X 2 8EE— MR RA~O#EM z2 @ U
THRALT 5.

3.2 %XEHRZ=% (Design Deviation Method)

137 HIZTRWT, fEkibE€ — Mgt Fike N 28T — NRIFICEME 3 %
e OB E RIS 5%, BEITHARXZNDEMBOBERICEH Ui o B G/
B SR E — N RN (FH) §A5KEE - N FEZMET ILENDH D &k
Nz, RETEEFIZHARAEINDFEMBOBREIZEH UMk O BG/MEIZE S 5
e — N2t (PR 32 80EE— FET R TERGEHRE 22K (95,96, 97, 98, 99]) 2 2%
5.

A At 22 TR0, BEHERRICIRD B BGHERBE LB DO RA T H 2 &EtWA L, SSM (G JI/
BREEAR) %2 WIS, BEHE 2 TS T 2 MBI OEG/MEE - FRTZTDO AT =
ALEPEL, YFEG - WEE -2 a3V R—32 2 N ORERED S MR K 0
E-FNZ2EHTIHMEE - FEIFFIETH S, RIZ, RetHRAEEOFM 72 —122o0WT

YT 5. MBEDE, HEHREZEDO 70 —F vy — b Z/RLTW5 [93].
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specification

Step 1 Setting deviation patterns in design

—

Step 2 Setting deviation patterns of Stress-Strength
model(SSM), and obtaining damage/fracture modes

d;; Design variables

¢;; Environmental variables

(static load, cyclic load, materials etc.)

(temperature, humidity, irradiation etc.)

+ l(excessive state)
0 (normal state)
- 1 (insufficient state)

AT

@

deviation pattern

Participants in design review consider the

Oiress » SITESS parameters
(psfrengthj 5 Strength p arameters

di =l e Jsﬁ'ess,fcz gl
lf e] ==kl :>¢)sn'engrh,1 =il

@ Association table(131 rules)

dr’ € Ogspressk Pstrengthl o M(
+1 -1 +1 -1 k

@

Step 3 Obtaining failure modes caused by damage/fracture of materials

FM, = k + ( failure state of components) = Failure mode

Fig. 3.1 Flow chart of proposed design deviation method for modeling failure modes

WA AEE, MDIDDATY TN oE5.

o A7 v 71 TEREHEA NN Z — > DEH

e AT v 72 [SSMIg#4 /N & — > DEH |

o ATy 73 MK DBEEGMEIZET 5iEE — FDEH

ATy 71 8RR AZNZ = OB

AFMEIE, ANOBEFBR (75 &K, REHREZDKRERIIMEEG R 5 Z

TatRANNZ — 28T 5.
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D = {d;, ¢;} ; Design specifications
i, € € (1,0, 41 eeeeee e 3.1
d; : Design variables as design specifications
=10,0,...,—1,0, ..., 1](1 X i)vector
¢; : Environmental variables as design specifications

=1[0,0,...,1,-1,...,1](1 X j)vector

ZIZT, & (0) FEEBROEERRE, &4 (1) IEEBOR+4H GED) ik
e, &M (+1) BELBOER GaX) WRELZRT. ZZTHfrse LT, -1, ToJ,
[+1] OBUEZFHWT WS DY, I3l 3 5 SVM & H W 72 B € — B3 AT i R w
T, YEBTERMOEZES ZLI2&-T, MWEP LG VWAIZHVNT WS,

KB, HBKZREEREZOH Z2RL TS,
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Table 3.1 Deviation patterns for the design specifications and its sparse matrix expression
Design Design/Environmental Deviation patterns
specifications variables Excessive(+1) Normal range(0) | Insufficient(-1)
Design Load amplitude Large(+1) Normal(0) Small(-1)
Magnitude of Large(+1) Normal(0) Small(-1)
variables (d,)
static load
Material Major change(+1) Normal(0) Minor change(+1)
Shape Major change(+1) Normal(0) Minor change(+1)
Current/Voltage Large(+1) Normal(0) Small(-1)
Weight Large(+1) Normal(0) Small(-1)
Processing Method | Major change(+1) Normal(0) Minor change(-1)
Assembly method Major change(+1) Normal(0) Minor change(-1)
Test method Major change(+1) Normal(0) Minor change(-1)
Environmental Temperature High(+1) Normal(0) Low(-1)
variables (e;) Humidity High(+1) Normal(0) Low(-1)
Vibration Large(+1) Normal(0) Small(-1)
Atomosphere pressure Large(+1) Normal(0) Small(-1)
Atomosphere gas type Large(+1) Normal(0) Small(-1)
Ultraviolet/Infrared/ High(+1) Normal(0) Low(-1)
Radiation
Static electricity High(+1) Normal(0) Low(-1)
Electromagnetic High(+1) Normal(0) Low(-1)
wave/Noise
Flow rate High(+1) Normal(0) Low(-1)
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AT w7 2. SSMAEAE/NZ — > DEH
AFENEIL, LFoBEGER (BiTH) 120X, SSMIEADERIZIHA%2 52528 T

SSMEANZ— %2 EHT 5.

S = {Tstressk> Pstrength 1} 3 Stress-Strength model

Ostress.ks Pstrengthd € (=1, 0,41} - ovevenn (3.2)

Tsressk - Stress factor variables
=[0,0,...,-1,0,..., 1](1 X k)vector
@strength) - Strength factor variables

=[0,0,...,1,—1,..., 1](1 x I)vector

ZZ T, Oressk 13 SSM DI B, Gutrengimy 1 SSM DIREZETH b, Fff (0:@E
DIRAE) , S ((1: R+4r Gad) ZRAB) , F/23EM (+1 &R GEX) ZRE) ofiih
MWD ES.

KBAE, SSM AN X — > MR OBG/MIEE — FOXNIGBREDH 2R d. &t
FNR =V ESSMIRAENZ =V OMNIGEFEN S, RBEIV/RL TWBIRRIZ, K€ DME

T S EGMIEE - FERETE 5.

ATy T3 MK OBGME I T 5 EE — N DB

ATy 72 o/l oNMEOBEGMEEE - CERMBZEMEE UTHHAT S
eNBEINDIVHR-—F2 Y bD) WEREZMEEE 2 212L->T, BT 5Kk
E—-—FZ2EHT 5. KBIIE, HiRENNX -V ESSMIEENNZ— Vv, MCIZHEOE
GMEEE — N e DBEBOFIZRLTWS. RKE3ZMMAT 2L, HMNHMHMIEITY,
W E — NN 1%, SHEMICEREHREAE IS T MR OBG/MIEE - F2RETE 5.
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Table 3.2 Example of the deviation types for the stress/strength factors and the corresponding dam-
age/fracture modes of the materials

Stress-Strength model variables

Damage modes

Fracture modes

Stress factors (07 yregs ) | Strength factors (@girengin,1) (FMy) (FMy)
Deformation Deformation Buckling
Tensjle Istress/
Residual stress
Compressive stress Compressive strength Deformation Buckling
Fracture toughness Crack Stress corrosion
Stresfs intensity )
actor cracking
) Fatigue strength Crack Corrosion
Stress amplitude g 8 (. )
fatigue fracture
Creep limit Creep void Creep fracture
Thermal stress/ P P P
Average stress
Fatigue strength Crack (Corrosion)

Thermal stress/
Average stress

fatigue fracture

Pressure Tensile strength Plastic deformation Ductile fracture
Fracture toughness Crack Stress corrosion
Pressure )
cracking
Fatigue strength Fatigue crack (Corrosion)
Pressure )
fatigue fracture
Pressure Wear/ Erosion Penetration
Tensile stren?[h/
Compressive strength
Object temperature Melting point Deformation Melting
Ambient temperature Melting point Deformation Melting
Ambient temperature Flash point Combustion Explosion
Solution concentration Co ) . ) ) Dissolution
Limiting solution Oxidation discoloration
concentration
C . Corrosion potential Corrosion potential Dissolution
Potential difference P P
solution
) Dielectric strength Installation deterioration Dielectric
Electric load
breakdown
Marginal dose Irradiation embrittlement |  (Irradiation)

Dose

brittle fracture

Particle size

Critical particle size

Damage to living tissue

Death of
living tissue
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Table 3.3 Example of the association table between the deviation patterns with the damage/fracture modes

Deviations of design Deviations of SSM Deviations of SSM Damage Fract re
V\gra}z;b es(d;, e ]1)g stres‘s] taaétors (O stressik) streng?ﬁ e{ctors (Pstrength,l) gg / u
High temperature (+1) High object Lower melting Deformatlon

temperature (+1)

point (-1)

(Damage mode)
Dissolution
(Fracture mode)

Low temperature (-1)

Stress intensity

Lower fracture

Crack

factor (0) toughness (-1) (Damage mode)
Brittle fracture
(Fracture mode)
High humidity (+1) High potential Lower corrosion Corrosion
+1 potential (-1) (Damage mode)

Dissolution
(Fracture mode)

Large vibration (+1)

Large stress
amplitude (+1)

Lower fatigue
strength (-1)

Crack(Damage mode)
(Corrosion) fatigue
fracture(Fracture mode)

Large repetitive
load (+1)

Large tensile stress/
residual stress (+1)

Lower tensile
strength (-1)

Deformation
(Damage mode)
Buckling
(Fracture mode)

Large vibration (+1)

Large cyclic
load (+1)

Large stress
amplitude (+1)

Lower fatigue
strength (-1)

Crack(Damage mode)
(Corrosion) fatigue
fracture(Fracture mode)

L itude of
‘Static foad (+1)

L dj
eleye

amiplfade CE1)

Fatigue strength (0)

Crack(Damage mode)

(Corrosion) fatigue,
fracture?Fraceure r%ode

Low temperature (-1)

Low Humidity (-1)

Stress 1ntens1t
%ac tor ( y

LOW%r fracture
toughness (-1

Crack(Damage mode)

rittle fracture
Fracture mode)

ol el 159

Mdpnshonss

Large residual
stress (+1

Tensile strength (0)

Deformatio
Damage mode)

Buckling
(Fracture mode)
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33 RENAL—YRREEZNRE LAEWMEET— RERL

2 e 3]
B E B

B B2 RSB L — Fia i@ (0. BRI =y b, 1. L —¥%—Fik&HE, 2.89 L
VA, 3 AFYUIT—) AR, WEE - NETIEREE 2 ERL 2. EHESNE IR
3OO0 N—TZ4 7z (v —T1:FMEA, Z )V — 7 2:DRBFM, 7 )V — 73 : &%&l R
FiR) . BAFE - %A - ERFEERM A S AR 21 AN EIREE ISR L 2. KRB IR TR
W, 30D HEDOMPBICEATE T V- M EEMBLUZ. FEMIE, TRV 226 TR
W] ETOSEBOHIHE Lz, FHAITIE, 7Y 7 —1rOEEZ 19265 F TOHPH
Tilflis sl e TROoNEZ (1: BE~5:Km) . BRONEIL, &£ DRBEM O b g i
HARMMIZEODWTEE I N, MBREEIZ2018F2H2H»S3H2H XTIk,
BTN —TOHERMZ 1500 & Uiz, HEBGBHC, EEOMEE, T hEEZ0wA
A1, TEHEOHMN], TRTfR & e 5 H#% ], [ % Fi% (FMEA - DRBFM - it ff 22 7%) OB
CEBFIE], HEEORN] ZDO2WVWT, ETOSMEICHHE L. /22 TOSMAEIC
X UT, RMBEHEOT —XBAMECHHAINDG L2 TFOER, AREHTVS.
MB2ADRIL, HWEREEONEEZRLTWS., REIWX, HASMEOREL LT, HY

Z2MEDZEERROER L EHRBROMEZRL T WS,
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0.Power supply unit

1.Laser oscillator

( "‘) (YAG laser@532nm)
Eye ball — 2.0bjective lens

vitreous body

1)
4 3.Scan mirror

Lens of eye””
Cornea-----

Fig. 3.2 System of failure mode analysis target

Table 3.4 Questionnaire list of subjects interview

Questionnaire No. Questionnaire items
Q1 Does the exercise content seem to be useful for your work?
Q2 Is it possible to practice these exercises in your workplace?
Q3 Can you recommend the exercise content that would be used in the workplace?
Q4 Did you understand the content of the exercise?
Q5 Were the exercise examples appropriate?

Table 3.5 The information for each person’s major and work experience for each exercise group

Group name Major Work experience

DDM Chemistry, Product design,

FMEA Mechanical engineering, | Production technology

DRBFM Physics etc. Quality assurance etc.
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3.3.1 FMEA IC & 3 t00E € — R

AL EE D FMEA IX, IROD9DDATY I HK5.
o AT v 1 EE — RN ORI RIEH & 06872 BERE D P
o ATy /2 MEINDHEE — N DER

o AT Y73 MEE— ROMEL T OHEE DA
o AT v 74 EE— N OFKDE

e AT V5 MEE— NORKEHE DT

e ATV 76 MEE— NIk BHEEDEHEKEDHEE
¢« ATV T HMEE—-RNDY AT L R)VORE

o ATV T8 MEE—NDY AT KIE KD PRE

o AT v 9.V AT KK I K T D R 2 G A

ATy 71T — N O RIHE & 0 E 722 B RE D IR E
ZDATY 7T, HeHERIZEDWT, WbEE — AT O RIHE & L E oKz

WES 5.
ATy 72 MEINLHMBEE — N DER
IDATFYy 7T, WRIEHEATYy T 1 TCHRESNZHELBERIZEOWT, £x
SNDBWEEE— N E2ERT 5.
ATy T3 EE— FORE L T OREE D A

CDATY T T, WEE—RFOREL ZTORERE 23id 5.
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ATFy 74, HEE— RFOFRKEOHE

CDOATY T, WEE—RFOHERKZEET 5.

ATFw 75 HEE— FNORKEHEEOEE

CDATYTTIE, WEET—RFOREHEL2MET 5.

ATy 76 EE—NIZLoTH EEI N5 kD HEKE O A
COATY 7T, MEE-—FNICL-TH ERIINDMEDOEKNE 2T 5.

ATy T HMEE—RDY A2 L RLVDIRE
TDATYTTIE, MEE—FDODYVAZLR)LE, VAT NY 7 A% %2 A WTHRE

5.

ATy 78 HMEE—RFRDY ARG EDRE

CDATY T T, WMEE—FRDODVAZ2ERTI2-2DONELZRET S.

AT 79,V A ARG R I D 5B Al

ZDATYy 7T, VARG REZERBEDOREZHHMT 5.

3.3.2 DRBFM IC & % 8%FE € — N##fr

AL E O DRBFM 1, (RO 10D AT v T ok 5.

o AT w71 HBEE — PRI ONREH & BE LD RE
o AT v T2 MEINDZREETH L EREZ A DER

o AT w3 REIEAHE LBRELZMANLSDOREE — FDOIRE
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e ATV T4 MEE—RDA N X LDPE

e A7 w5 WEE— NDFEKDH#HE

e ATV T/6. WMEE—RNOKEEDHEE

o AT w7 EEE — NIz X B D E K E AN

e AT VTS MEE—FRDY AT L R)LDWRE

e AT VT WMEE—RDY AT KIBITEDIRE

o A7 v 710. U A ZARER & E i1k D R E A

ATy 71T — R ONRIHE & BB EERE DR E
CDOATYy 7T, HREROMRZEIZEIDNWT, MEE— NENONRIEE & 02k

WREZRET 5.

ATy 72 EINDREHEHE & BREIZ AL DER

CDATY T TIE, WRIEHL ATy 1 THREINEZLRELBEREIZEOWT, HE

SNDHAALE L BRELLZERT 5.

ATy T3 REIEE L BREZD S DREEE— FORE

ZDATYy 7T, HitZBHEREZMAMPoRETIREE-F2Z2RET 5.

ATV T4 WEBE—RDRA =X LDRE

CDATYTTIE, WMEE—RDODAI=ZXLZ2RET 5.

ATFw 75 HKEE— NOFERKOEE

CDATYTTI, WEE—-—FOFRERKZEET 5.
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ATy 7Te6 wEE— FOREDMEE

CDATY T, WEE—RFOREZMBET S.

ATy 77 MBEE— NI & 5 EEOHEKEF M

CDATY 7T, MEE—RNIZL-oTH SR IINIEEDODEKRE 2T 5.
ATy T8 MEE—RDY AT L R)LDOYPE
CDATYTTIE, WMEE—RDODYVAZLR)VE, VAN 727 A% 2MFHL THR

T 5.

ATy 79 HWEE—RFRDY A TERFEDORE

CTOATFYy T T, WEE—FD) AZMRAFELZRET 5.

AT v 710, U A 7RIS 3K T i £ O 5 B Al

ZDATy 7T, VARG REMEOZEZHAMST 5.

333 REHRERXRICK 2BEE— FEA

AR B, ROSDODDATY T o5,

o AT v 71 RitmAE NN X — v DEH

AT w72 .SSM (& /R EEE) WA/ R— 2 DiEE

AT v 7 3. FE/SSM R 72 8 X — VMR O E G/ T — N O XIS R AE K

e AT T4 HIHEMNS SSMIEAENZ —VIZEET 2MHERHICE T 2 E6G/MEE — R

D ER
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o 2Ty 75 MRHZBIS 2 #EG/MIEE — F o o BEIEE — N O & 24 5 O FFAi

ATy TR mAENR = DEH
AATFy 7T, HigGPtlGgEo—r T 7R, @EBEFOEESE L ZE
U7z BT, YEHMFOFIBMARRIZRIT 2HEHRAZ, RTEREBRBEZBORE /NN R —

YELULTHET S.

AT w72 .SSM (J& I/ EEE) RAENKX— 2 DiRE
AKATY T T, YFZHPICHARAEIFNAZEYa— IV EPEAHEORERMEBE OBEEICE
HU, SSMIZEDWTHHEMEB DS NAREELZRDORAENRE -V ERET 5.

AT 7 3. RENSSM R 72 78 & — v -#4 K D G/ R E — 1 O X it & AF K

KATYy 7T, ATy T1THREL L&A (KE/BREEBOFAE) Y2 -2 &,
ATy T2THRELZSSMEAE (G HRELBDHE) N&—DEREZIC (2) XD
BffRE2HWT, REIIZRTHE/SSMEENE — V- MBI OEG/MIEE - N2 /FRT 5.
ZOXNRKREERT DI LT, SSMIEERRX—VE2ALT, #&alEENNZ— 2 &Mk
DEG/MIEE — FBPHIGMITF o N 5.

AT T4 JHIHENS SSMIFAENRZ —IZEKT 5 MENCET 2 EE6/MIEE — N 0ER
ARATFY T T, ATV T3TIERLZXNIRERD S SSMFZE /N R — VIZBEHET %k
T AEE/MIEE — N2 EINT 5.

AT 75 MENZBE T 2 HEG/MIEE — R o B E — FOEL & 2 & OFEf
RATY T T, ATy T4TERUMENZET 2 BE/MIRE — N YFMRE2, K
MR UTHAREN P OHMBERELZMGES I ICL-oT, BEREE— N2 E
95, TUTEH UM OBGMIEIZET 2HEE—FIZO>WT, VAT MY 2
AEREFHWCTHEE — N2 FEHT 5.
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34 SVM%Z=RBW/=HET— RHBI o4

SVM % F\\ 7= i s £ — R A 4 87 [97, 98, 99] 1X, IRDSDODDATY Th o5,
o AT w1 ¥H T — X DS

ATy 72, 3l T — R D HEff

ATy T3P TR EFMT — X % SYMIZHEU D AL

ATV T4 SVMIZ LT TFHISN-ME O (BBEME) €— N%2, e —

R gt R ol GRE/MIE) £ - F e KT 2%

AT v 75 HEE— NEIZ Recall (MR 3) & Precision GHE&X) 28 H L, 4

BT — R O %S AT B

ATy T 18T — R DU S
SVMIZEL DAL ADEE T —X & LT, MEREZIZET 2 el EDREE — R
RIS R E 2 3217, K IRAEPSSM R £ 2 BIT5Ic TRHT 5.

AT w T2 3l T — & D HE
SVMIZEX D AL DM 7 — X & U T, MEE— NEFER? OB 6 N2 EHE 2=
SSM fii 7 % BT 2 TRELT 5.

ATy T3 FET =R EFMT — X % SVMIZHLD A
AT T1 2T, LUEZFEHE T — X EFMiT — X %2 SVMIZHLD A&, #fEE — |

Bl 217 5.

ATy T4 SVMIZE> T TSN O GRE/MIEE) £— N2, #iEE— N
R D HE (REMKE) € — N 2T 5
SVM D &€ — NI oM R 2, #FEE— NMETHEER (KROS5 6 138G 22 1
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I K DR E — NRATRER) T 5.

AT 75 EE — N2 Recall (BRH ) & Precision (&%) 28 H L, YLK E
E— FOZYM%FAMT 5
SVM O & & — R ¥ A 29 M G B O #e s £ — R4 12, Recall & Precision 2 & U, [

T— N & DNEE Ui T — N OZ 4Pk 2 5§ 5.

Yl

FHET—20F, MRREFICET S XEB] L VEELZRBEIDEGE 131 5% L L.
AEA T — & 0F, BREHREAEOWEEE — NN X D55 N2 A EE50 O EEE — TS
Rl SVGMDO7u s 5 L8 ULT, MMt SiER3420D IV F 2 5 2 H B SVM B
BNy — D el07TI[I03] 2 A U 7. i, #tatfi#d S 55 R3.4.212/R 1) % SVM &2 I W7zl
e — FHB AN ZERT 2124 725T, POV TIT — X% H W72 SVM O K5 FEMGE
ZEBLTWVS.

35 WEE— FERITLEEEERR

FKEAZ, FMEAIZ X 2 fEE — NgriER» o/ o N7, MEHZER T 5T — K
EXDRFEA =X LDHIZRLT WD, FKBDIEX, DRBFM (2 & % M FE € — N i #r & 1
nofFoniz, MEHICERNTI2REE - R ZOHREA =X LDHl2RLTWVWE. &£
BRE, RelMEAEIZEDEE— FEMKER» o/ o N, MEHZEK T S HFEE —
REZDWMBERA =X LDH%ZRLTWS. KBIIX, FMEA, DRBFM, &M ZEED 3
DOHEEZMBHLU TRESINBEAMEE - FZ2EHNLTWVWS.

WIEE — RN E TR 2MEEROREA 7 =X L DEERE, FEHEALEICEDS
EAHENBI% LB E Moz, BEHREEED I V=T, 3207V —TOHTHRES
COMEE—F (GFH1074) 28 B TE 7. LELKRKRE CTIX, &R 2L O E
N, MOAEDOFHMELD S LZDMEE—RNEZRETE DI LVHSNITH o7 (&
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Al 22 5 FMEA t =4.51 (p=0.0011) , &G 7 %X DRBFM t=5.49 (p =0.0009)) , X}
Rz, B0 & LTRLUTWHEMEORFIE, REHE2ZEOFEM 2 70 & 22 3R

HDOIRED Z AP RHETHAHZ L Z2REBL .

Table 3.6 Example of the failure mode analysis results (material-induced) in FMEA

Functions Failure modes | Failure mechanisms | Respondents
Supply power to Wiring resin Heat generation No.1
the laser oscillator deterioration of the power
Supply power to Destruction of Falling No.1
the laser oscillator | housing ceramics
Generation of light Wiring resin Heat generation of No.1
deterioration the laser oscillator
Generation of light | Destruction of Falling No.1
housing ceramics
Light transmitting Light does Split of the No.3
not transmit lenses
Light reflecting Light does Split of the No.3
not reflect lenses
Supply of laser Damage due to Failure of the No.5
light heat cooling system
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Table 3.7 Example of the failure mode analysis results (material-induced) in the DRBFM
Functions Failure modes Failure mechanisms Respondents

transmittance decreases

Light emission Deterioration of Aging deterioration No.1
the mirrors

Supply voltage Breakage of Reduced temperature resistance No.3
and current specification materials

Exit the laser Damage of the Reduced laser resistance No.3

lenses and mirrors

Light transmitting Split of the lenses Decrease in strength No.3

Supply voltage Breakage of Reduced temperature resistance No.3
and current specification materials

Energization Short circuit due to Unacceptable specification changes No.5
wiring temperature rise

Transmission Lenses deteriorate and Aging deterioration No.6
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Table 3.8 Example of the failure mode analysis results (material-induced) in the DDM

Functions Failure modes Failure mechanisms | Respondents

Vibration proof property Loss of vibration isolation Brittle fracture No.1
due to material damage

Insulation Loss of insulation function Fatigue fracture No.2
due to fatigue failure

Heat resistance Decrease in heat resistance Component changes No.3
due to composition change

Refraction Light does not refract as designed | Heterogeneity of No.4
refractive index

Chemical resistance Loss of chemical resistance Fatigue fracture No.5
due to material failure

Load retention Poor retention due to lens damage Shock damage No.6
Transmission Non-uniform transmittance due Heterogeneity of No.7
to foreign matter mixed transmittance

during manufacturing
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Table 3.9 Determining the damage/fracture modes of the materials by the three methods

Respondents Determining the damage/fracture of the materials
FMEA | DRBFM | Design deviation method
No.1 11 2 12
No.2 0 2 9
No.3 3 0 26
No.4 0 0 12
No.5 1 1 12
No.6 0 2 21
No.7 5 2 15
Percentage of participants [%] 40.8 50.0 86.3"
who could identify the mechanism

* p < 0.05

Table 3.10 Questionnaire results from the interview

Question No. Questionnaire results
FMEA DRBFM | Design deviation method
Ql 3.00 £ 0.76 | 4.00 £ 0.53 3.71 £0.70
Q2 329 +045 | 3.43 £0.90 3.00 £ 0.53
Q3 2.86 £+ 0.83 | 3.86 +0.83 3.14 £ 0.83
Q4 414 £0.35 | 457+ 049 3.57 +0.90
Q5 3.14 + 1.12 | 3.57 £ 0.73 4.14 £ 0.83
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3.6 SVMZzRW/LHEE— FHIBIDFHER
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cracking (G W@ &EIN) ) X, WARE T OIG, MR QG RHZ 2 2 55k
I EBBEDMHEFRIZL > TRAETZHIEIHFDZ &2\ 5. Melting ()] 1,
MEIOYRRE R FFRED EFICXD, MBOREAPEASZ & THRET HHMELL
D Z &%\ S, [Penetration (E#) ] 1&, MEIANOEBNZERMER (RE) LEAELD
MEERAIZL>THET ZWMEFHROZ L 20D,

(J&&) ErhmEe (B MiEmE Tk, MR, BERILITHAD100%TH -7z
D, IHERENTIE, BEEDI100%TH 2 DI LT, MHENTT%E K\ KHET
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F (BEE—F) OREVPARTHD I L2RRLUZ.
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Table 3.11 Failure mode discriminant analysis results by LIBSVM

Acutual
Predicted (Corrosion)_fatigue (Trradiation) brittle Stress_corrosion
fracture fracture cracking

(Corrosion)_fatigue fracture 22 0 0
(Irradiation) brittle fracture 0 2 0
Stress_corrosion cracking 0 0 20
Buckling 0 0 0
Creep_fracture 0 0 0
Death_of living_tissue 0 0 0
Dielectric_breakdown 0 0 0
Dissolution 0 0 0
Ductile fracture 0 0 0
Explosion 0 0 0
Melting 0 0 4
Penetration 0 0 2

Table 3.12 Classification of the damage/fracture modes using the SVM

Predicted failure Actual failure modes
modes (Corrosion) fatigue | (Irradiation) brittle | Stress corrosion
fracture fracture cracking

(Corrosion) fatigue fracture 22 0 0

(Irradiation) brittle fracture 0 2 0

Stress corrosion cracking 0 0 20

Melting 0 0 4

Penetration 0 0 2

75




CHAPTER 3. a2 ik R OB B Tk 2 w2 R e — MY FIEORE 76

m Recall[%o] Precision[%0]
100 -
80 -
g,
@
g 60 -
=
&
z
=¥
40 -
20
- | | | I n
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Fig. 3.3 Recall and precision for the classification
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