[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbdgoooobbobbbouooooboboooo

oo
oo
oo

0o:00@O),

oooooo:0o0o0ooo,

0000:00128140,

00000 :20240 60 300,

ooooo:oooo,
000:00C00,0000,0000,0000,000,00000

Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1281401,

Conferred date:2024/6/30,

Degree Type:Course doctor,

Examiner:,,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(FHRR )

Doctoral Program

m X B E

THESIS SUMMARY

Foea—R I b H HRahL Uy © it ( T2 )
Depértment of, Gradute major in F\LT\);H1 lﬁ'_%% a—A Academic Degree Requested Doctor of -
FERE ; B o FEREE : A T M

Student’s Name Chief Examiner

g5 (Fn3C 2000 FREEE)
Thesis Summary (approx.2000 Japanese Characters )

K LTIE, FAIFEBLIOEBFEE WS Z L T, BRORINFIEETICB T 2BEEEDR S OB
SN TART AN EDORFESHERET D2 LT, BESIERNTOTHEIT- 7.

F1E TFm <%, ZERFBHEHEAEICR 72 BEYEEEOT D MOV TR, HEIEORE M
B OB EANLETH Y, T L 2 HEREOSE B ERA~OBITEZ R Ui, SIS fE
T, HEMENAO—>THIMERIN N TA R T 4 VLAERT D2 LT, BEERHECEELTWSZ L
AR L7, BRI EEIC BT BRI OB I B W T, BEDTHORE MR N T AR T 4 L LDR
B—7 R L 0, EEFEE OEE MO B~ DB SOWCHET 2 LB AR 7. £ LT, HEHTFE
BIOWMSEEZHND 2 & T, BEEOEIDMBINNTART 4V LOITTEHRLAA NS EERHEON T
HIOFRREMEIZ DWW TR L, ARBFIEO B HY ERERRIZ DUV Calk 7.

%2 [H COABIREIC X DHFHENT 2R H L2 BB OWMAIAT F TR END N T AR T 4 L AOTEHE
AT & BEEREVE & OMBIMEREM ) TIE, FEFITEEHWT, BEREGRBRIC X o THIE S = BEEREL & BEEFEIR
DEEBTHAEEEDOE ISHBLIORNIFTART 4 L ADTLHEST L ORMERMEICSWTITHE L. AT
X, Uy, B, AU ARIRINFIOERORMAIZER L, BERBERLY, VURRIAIC LY
LRMANEOAT 2 2 & C, BEEREDEML, BEREREN LY 2 BHM EATICREO 5 B Loz
REENER S NZ. 51T, AT T LREMAIOEIZEY, DT T ARIFMBIBERDO ST RT 404
DR L TLHESA N L DB H M & ATICHEON - SR E R i a2l Lz, 202 b, MIFART 4L A
DR E R I TRRE, BRERIRO AL R T T A7 RS, E512, FTART 4V ADTHESL
MOFFANEERTILESAAOT ALy M ETfG L, BEEEEE ORREEZAE L. 2L T, LT T AD
TCRIBME, St BILXOA N T LATEDT AT PN EEREICHE L CNE 2 EERLE.

%3 T HEEEIAIOFHE T2 2 8O BEEAR TR T 7oAk oS ) ik, #eEs 2 Ao,
BRIR OB I MO LI EINRNT A= BI RN TA R T 4 VDO ERGAN OO N ERIEE LT
B DT AR B & BEEAEE OMTERRBERICOWTIHE L. F2ETHE, X —0OBFRTLIRE
ENTEOLT, BHEEDSISHBIONNIFART 4V LADILEST & BB L OISR BRI THET 5
T DI AR Uiz, B EE, S OATMENSHNEEZ TRIT 52 &N TE, HEOATIEE T
TELE ORRERBT 220N TE S, AFETIEE, BREEOHI AT A—%, NITART 4NV LDTLHRRE
BLOTESHOT AT N GEEGREZ THT 2EIFRETVEBE L. 3612, FEEEEES AV
HZ LT, ENENORFEEDOBEBRETINCBT2EBEELZR T2 LT, HF2ETRLEAILIT LD
TERIRE, Sr BL AN T T ATLREOT AT MENEBEEBREICKES BB L NI EE2R LT

FAE [N FTART ANV EAORBDMHEIVBR LI-EHIAL =2 — TN Ry NT—T T /I L D EEERH
KT oE Tk, BREEOBINHMBIRNIART 4 VAORRELSMIE T D —2>—2DOE 7 BAEHRE
BERRE & OBMRZRET 272018, BHAIAR=a2—F /LRy hU—F7(CNN)ERITTHIEZ R L=, § 3 =
T, BEEOZNETNOM I NI A—XIIERIED S I AN D, TLT, FIART 4V AOTRBE L
TLENHDT AT MNEE N TART ANV EOILFEGAAPDL—2OREFME LTHET 2 Z LT, HRPITEHHE
LTEY, =220 7 v EREEEFLET — X 2 HWT, BEEREEOBRICOVWTHET Z2LERD
5. FIT, REFETHE, BREORIDMBIRNNTART 4 VLD IR M & BT — X )b EEREE
SY¥ET D CNN BT NV OREE L IRTHl 1T - 72. & 512, Gradient-weighted class activation mapping(Grad-CAM)
12X > T, CNN EFT AREEARETRICEZ 2B BN O Z LT 2 2 LR TE, FH22ETRLEILY
U LARIBIBANZ > TR INTZ b TA R T v b E L BN IEONZ @R E 72 0 Af, S HIZZ
F TR T2 o T BEFRERMRICTER LT R T AR 7 4 W APBEERMEICER L NI EE2R L. S5,
Grad-CAM 23R L7 R THNZEE 2B ORI & R CNEOBRIEORm I pmE R oL, Ly dBFmE
SATIZIE O = Y Aok 1E L BRI N S E WAL T LAY o F R N TA R T 4 VAR TH D Z &b
D, FEBEOBBEHSRZHEYNCHFAL T EBRHLMNNI 25T,

5 R Tl A TELNEBRICHOWTIRA, K2 L - T, B8 oF 2 E
BRI B2 T TR T 2R ET 25 2 &N TE, BEA D= X AOMBIZ T -8 =85 H oF 2R
FTIENTER., DI, REEFIHO S 572 5 BECMOBEEE A 1 = X LFEIIZ W U 72058~ ORI 8
RO HAEZR LT
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Many previous studies have focused on two-dimensional data of tribofilms in the depth
direction and the parallel direction to the sliding direction and have investigated the
relationship between the two-dimensional data of the tribofilms and friction properties in
order to elucidate the friction mechanism in boundary lubrication. However, it is necessary
to investigate the relationship between the physicochemical features of the tribofilms and the
friction coefficient by using the three-dimensional data of the tribofilms because the
tribofilms are formed from the lubricant additives ununiformly. Therefore, this study aims to
investigate the relationships between the height distribution of the wear scar and the friction
coefficient, also between the elemental distribution of the tribofilms formed from multiple
lubricant additives and the friction coefficient by using statistical methods and the machine
learning models.

In the section 2, the one-to-one relationships between the morphology of the wear scar and
the friction coefficient, and between the elemental distribution of the tribofilms and the
friction coefficient were investigated. In the section 3, the machine learning models were
constructed to predict the friction coefficient from the roughness parameters of the wear scar
and the elemental distribution of the tribofilms, and the relationships between the
morphology of the wear scar and the friction coefficient, and between the elemental
distribution of the tribofilms and the friction coefficient were investigated comprehensively.
In the section 4, the convolutional neural network model was constructed to classify the
friction coefficient from the image data which was the elemental distribution of the
tribofilms, and the features of the elemental distribution of the tribofilms which were
important to classify the friction coefficient were investigated.

The results of this study revealed that the features which recognized as having relationships
with the friction coefficient by using the statistical methods and the machine learning models

were the actual friction factors.
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