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A method and apparatus for extracting one or more mechanical properties for a material based on one
or more indentation parameters for the material. The method comprises receiving load-displacement data
from one or more instrumented indentation tests on the material, determining, by at least one computer
processor, the indentation parameters for the material based, at least in part, on the received load-
displacement data, providing as input to a trained neural network, the indentation parameters for the material,
determining, based on an output of the trained neural network, the one or more mechanical properties of the
material, and displaying an indication of the determined one or more mechanical properties of the material

to a user of the computer system.

HEREAE



1757774

TW 1757774 B
AR EgE R
so 1500: % A& 4 4
semmert o | 1550:4% % BB & 4
1510: 5% 32 %
* 1520: 2.4 2%
1530 3#’3] kt’iﬁf uX
i
~ 1500
! r‘ 1510 (—- 1520
T < > a1 B
F
1530
} /J ey fjf‘{l {ngn’i
M i
foke 1 B
=315




BRI : 109121601

AR 1104 9 A 16 845 E4 A

1757774 ELEEEDS| nER

[ hcEsiHAE Y SRAE PR B B as 228 R o
[ T EEH4f% ] MACHINE LEARNING TECHNIQUES FOR ESTIMATING
MECHANICAL PROPERTIES OF MATERIALS

(]

—REE R —RE B SRR B R 2 BOR R I R R — TR s S AR A M B Y
FERE - AR E e B — (2 (E LS - BB ERAG  BEUE
sk-RE 20— (RERKE LS - R 2/ —E P - e 80
FEMEIHTB RS 8L - IR RIH SR 2 BUF R R a I A (RIZFIISR R
HUTH R B L > e R — TR SRR E KBRS ZAHE
BURFTRE R — TR B S AR A B R TR AR

€39

A method and apparatus for extracting one or more mechanical properties for a
material based on one or more indentation parameters for the material. The method
comprises receiving load-displacement data from one or more instrumented
indentation tests on the material, determining, by at least one computer processor, the
indentation parameters for the material based, at least in part, on the received
load-displacement data, providing as input to a trained neural network, the
indentation parameters for the material, determining, based on an output of the
trained neural network, the one or more mechanical properties of the material, and
displaying an indication of the determined one or more mechanical properties of the

material to a user of the computer system.
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B3067 € (GPa) dP/dh (KN/m)  Wp/Wt Ao (um) P (N)

Test 1 95,9243 205.53  0.727352 0.306308 0.009
Test 2 102.87 201.097  0.715367 0.295786 0.009
Test 3 96.4741 201.712  0.737829 0.305434 0.009
Test 4 94.3045 208.297  0.738523 0.308928 0.009
Test 5 95.6925 210.01  0.731974 0.306679 0.009
Test 6 98.4949 199.346  0.736771 0.302285 0.009
Test 7 93.4397 212,563  0.736889 0.310354 0.009
Test 8 99,3014 211.219  0.732193 0.301055 0.009
Test 9 96.785 201.245  0.735786 0.304943 0.009
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AGRETEE > WAERE -

[0111]  ¥{FETi-6A1-4V B3090F%E FHEITHIEATE - ROPEE/R T P-hifi 4R
M > PEEUE B A AT AVEREE R, - DR OR0. 5umiR IR AARUR R IEGHY - 3%
107 00 T {58 A _E OB SRV AL EE I SRAYNN - ETTHVR A &E 5 (22 f1%2) » Hrf
BerkovichBAFHLImHY 2R » HHERS H =298V ABUE - o V&R BA 2 4R
7= o WINH R EIEIRIRE (B3090 ) ~ R [ESNESSHE - AIERFAHEIIMLITE - i3
AEIENNGSORE T - (EOEE BREUE B Bt 2 1 = (EE Ry & PR BB BUE K i
a2 > AR R ASEETR » AT S PRI BB S OREL T -
EAERRT  SIASAEMIEA S © B ATA 8441 3DFIENHITi-6Al-4V B3090
GEEL  SRHIE A &SRS 52,7 +- 0.7% » AHEHIo,HI4 &85 568 +/- 3.0% -
M EEE R S IRE % o TR IRHE Rlo AT BT
AEEAA 2 T AN R -
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B30S0 C (GPa) dpP/dh (kN/m) Wp/Wt  h (um) P (N)

Test1 97.5508 189.343 0.737209 0.303744 0.009
Test 2 95.2768 203.147 0.720715 0.307347 0.009
Test 3 91.1717 193.866 0.739234 0.314191 0.009
Test4 84.6713 205.276 0.752419 0.326028 0.009
Test5 93.3834 206.379 0.725744 0.310447 0.009
Test6 100.69 187.294 0.722895 0.298972 0.009
Test7 96.3438 191.464 0.714822 0.30564 0.009
Test 8 97.3653 194.4 0.726444 0.304032 0.009
Test9 101.336 193.795 0.720861 0.298017 0.009

[0112) I T - (FRUFFHIRIEE » (E3DFIEIAYTI-6Al-4V A4 (B3090)
Y —4H BRTE B 43 T HE LAY BR TR R 1

B3090 E* (GPa) err % a,(MPa) err %
Test 1 102 6.87% 1652 41.44%
Test 2 103 6.29% 1529 30.89%
Test3 99 9.96% 1498 28.26%
Test 4 98 10.89% 1206 3.22%
Test 5 103 6.32% 1501 28.48%
Test 6 102 6.54% 1688 44.56%
Test 7 99 9.29% 1569 34.37%
Test 8 103 6.49% 1622 38.85%
Test 9 105 4.49% 1664 42.44%
Ave 101 7.46% 1548 32.50%
Std 2.2 138

Std/X 2% 9%

[0113] ZRIOfEEL T - EFHFISRIRAINN - 838 2 R T A $I3D YIRSk & &
FETH T ITEVEER - RimHIET IR FyBerkovich - STREEVIIGT R REHE -

(01141 ABWHBAGE T RS ZSHEETEHIS—HEEREEK - FFILHE
o PSS E A EB IR E R T - BRI — AR B B R (HI[ERY
s FHAHEIRY B B/ R R A E ) (FANNGISRAERE PR MYE R E RS - AR
WER G2 AL 2 RS2 E - IR ARGsERY ESE - BREAGER - A TR(E
ADEN AR TR BEESF R EAREERE - THEMFRBERNID
BerkovichBEfE AR 7T ZEiE UK 2K EB3067HY— b EAth S ER SR BL( ILR B IER
THRHIBLLRS) B RS PREFEREE - el &k 58 ERAINNRI A 73 i 29 Brocey
B309OESREHE - &R 7T B REYFTA 9(EB306 THR R AL A IR 8RS MY E PR EE
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SREERS > F R T RIS HINNEYHE REAE B E AV IR E B2.9 +/-
1.9% > Mo, HI 3R R4.6 +/- 3.9% o WIFRFFR T (EB3067 ZHER: T HY3(H -
PE B (E oAt S PR E ISR BE - AR EREEIL T - A 8HEH Sy R
AT ERATA ERENVAR S » BHIA &R 153.3+ /-0.6% » o, H4r EraR 22 8.2
+/- 1.7%  SBL{E A 9{EB3090E: T HY3({E (F R ZR Il SREUE A S RAHLL > A9
{EB3067EE T HY3(E Z FERAVAEMEMEARZ - 48 - BHEER2D+3D FEMBRE
TR SRAVESIRAREL - EAZRE AR BRI R EhaEds ([ERHEHAHEERE RS
SRR E ) HUREZIRETTE - hZRH] LIRS HIReR -

B3090 E*(GPa) err% o,(MPa) err %

Test 1 109 0.18% 1652 2.21%
Test 2 105 4.45% 1529 5.02%
Test 3 105 4.26% 1498 6.22%
Test 4 108 1.62% 1206 14.48%
Test 5 105 3.93% 1501 6.07%
Test 6 108 1.75% 1688 2.22%
Test 7 103 6.35% 1569 2.64%
Test 8 107 2.68% 1622 1.87%
Test 9 108 0.99% 1664 0.88%
Ave 106 2.91% 1548 4.62%
Std 2.0 138

Std/X 2% 9%

(01151  =R1tEal 7 &AFIIGREINN > RS S REJTE > HI3DFIEIAYER
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& (B3067) HYEEREURE el SRBHRHY —H1 7T - RImHI AR RyBerkovich e
TR R REEE -

(01161  SBOERH TARIE—EEH R - FER SO R 1R - RIS HYEE
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—{EE (FRAR 28 (R R e iyl A - 552A-DIE TS ST 4845 HY
B fIZE e AHEN L - B - AFPERO20rh - ][R IHALAE RS LUK AR 281
Rt ST Aty — TR B SRR A I - 40 Tl - B R o mT DA R ER A R R
- FESE h SR ARRARY (T T AR A A IR I - e AR IRIE Floy - BEE > 17
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B > ERlE S REE R (R ER) - A& - mTR A FEEVH S g e
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HiE) - B REEREESTA S IENRER - 7 LUN A 320 T a8 A
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[0118]  1EASIHNY—LEHEFT - MLAINNE iy =] A R TR e ) -
SRR DHUETEFTA R > DU SR RS BB M R - Bl - TR
TRHIRE ) ) -Fe s R _EAE AR AR 5B o AU BURRL - DU S R 3R AT et Ay 2B T

(0119  SBUAERE 7 (ERARETENMESEiaS SRR oIS R - 15
Ry ke B (fitting functions)”HYES RIE#E A Dao 2001 Jepirse iy T E 2
HUFRFHY - RS0 A 7NN (2D + 3D FEM) "HUEESR » 2 il i 2D A FEME0E ((&
PREE) B23D Berkovich FEMEVHIIGREE (SIREE) ETRG - W H - (#H
RS [T R AV RATEC A ™NN (2D + 3D FEM + EXP) "By 57k » BA1E2D
LUK 3D FEMGISRER Z 51 - BRSNAIIE Bd R BUR(F A frHA SR B -

(01201  40_EFPKR > H2DEHHTEFEM&ER (KIREE ) A13D FEMISEEEE

CEPRERE) H[EFI SR S 2 R AE (B HY Dao 2001 T 5L AT HH AT T2 - 48
R ERRGERAE Re RESREEE - WWHEMAIIF2DAI3D FEMEUE LLUEISRHY
NN > ¥ E Moy i 519 R IR 4T > A HHE EMAPES A & 4 Al6061-T6511 71
Al7075-T6S1HYMAPEIS/Nj 4% - KNI - SR B HA R & i S RETT
% 0 A DB o /Y HERE N -

(01211  feex > BUA0E{RIE ZE6E (E(power-law strain-hardening){T % > ANEIHIY
—EEEHE G AT LU FREs Y BA R T - RHUEERE(LRE - RIRLIENE - &
o o AT SR LA RS DIFECHA (B 2B MR FE B T Y BT > MR i A R R (b LR B
g EE st E RS (LA R -
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6.6%F110% L2 FESEERY 58 i FE )M < 3B K BB SR AF s PR LT Bl SR B Y —
By > BT SRETHER SRS » 1F.05.39 Os.60 o100 RANE TP TH33%
6.6% F110% 2=/~ BB M fE ) - H H 58 7= {H MAPE ¥ it & < Al6061-T6511 I
A17075-T651HIMAPEYS/ N~ 4% - (AL - 1S BECA#IAM A" RE " IS RETT
% 0 ] DABABEAIE R E R IR NI ) i STy REE

[0123]  SB12AFNI2BE B/ T 8 ¥ i iE da & S0 B R LT BEVEy
TS JTE TS IRV RERTE ) - Al 47 - B (LIS B2 A A A SREINN
Loy, 03 3% 06.690 B0100 B/ NP TT ik A ACTE - 3 H. » NNE] Fi2DF13D 2 FEM
25 (B12AE) DUK2D - 3D FEMEUEFI3(E FEaEEERE (F12BE ) /4K -
HPTHE3.3% > 6.6%F110%F R EEMEIES - BEFILEOIT Re T HEET R
(B SRR t m] DU A A AT & AV E AR RN R E M R BT R » iRl
AITRHIHIFEEETT By -

[0124] 4O 12BEFTR - REEREIRIVES CRAERIZIIEE(LIEEn =
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TR ERE(CREERE (HInBRT0) i HnEBET(hHmE T RE S [0
e ARy BLEER LR - GEEEEM S EN B EBE S iR
ZR o RILELER FEERLT BRI E ) J5A7%E - EeT e e T R EEEET
AETE MY — TR S R H BRI A
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SeETEESH LIS - B13AE 13CHEEET T1F0% (Hlo, ) 0.8% > 1.5%2.3.3%
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[0126] SSI3AE[EAL 7 2D A FEFEMEHE ({KfRHEE) > 3D Berkovich
FEMEHE - FIS{HFEiREERE 2 SRR eR(E 13BED RIS (SREE) - B
o [ A A e NN T FECHI3 DS ENAF R B3090M 0y, 60,89, 0150 K 0330 HIEITH

TrEEERZE - BIB3090AIB3067 2 Bl B g - HERATIe IR IR REb (L5 80
Fsn =0.068 > BIMERE(L - BE(LIEBEE T BT - BB ARSI BYE/ SR ey 2 Al & 5
8% - NNH] LU PR Ao FEATERE (BT & - oY THR0.8% > 1.5%F13.3%
TONEEMEESE o BN AE SR Eo, (ZEMIEEFAIET)) - ERII—L8E
SREHERLE s R EE AR — 077 LLG/ SR e 4E RS NN - F1] FINN B fig FERIHY
FE-FESZ Hh SR BRI B Bl 4R -

(01271 W H - #HAWEBRE - RIBEASIHrliny Bl - 75 1L SHBE 16 148
AL Es (fan - M AFE R T ICHYE 2 ) DITERRRHTIE - RIREFREER
BHYHISREIEAI R &R - 0 H - S0 A ERE] > AR LI T AR 4R 4R -
LI ST R T S AE RS = Bl ik By e a e g AR B AR B R T - AT BAAIER
FERRARZH TR BRI S8ZER - 1 H - ORFRERE s E Meft
TR TBES N Y B B RS - AR LU — SOl SR A AR A RS - NIE > B
SEIHEY— LR HEG T - ] LB S22 JT 74 (transfer learning approach) »
ek FH R Y B BB BRI — Bl SR —(E 2 (F S AR SREINN (40 - ZREENN)
LIGHEENNAYIEEE » (i A R Ee R IR A R R M fR (e ey FEOI - 0 H. > 7
PLESTEREVERE BT - R&IEEpi e B —fEin o S8 —E3DYIEIN k&

L TIACERE Y R & IGR - 2T B R R HA 2 F ISR AL A RS - I HL
S E Gt > B R EE R R - FI40 - &5 fE AT 2DAI3D FEMEE
T RZEGRFISR - LIGNSREE(E 2 R EE AR ((RIRENESRE TR ) - % - &
ERSMIFE REIE - EMHESEIMYE RIS - EHESRETEETE
—BHIENK -
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[0128]  SE14ALURER14BIEAL TR — LB Bl - FEIREE AT (1R
F72D + 3D FEM” ) fiZ{& (FRaC Ry ERE 528 (Transfer learning)”) > WifEgas
SHIMREIDFIEI sk &4 R EHNNAYERE - B 14ABGIL T FEHE HYER - M
F14BEE AL T FEHTEAE I BB o HYER 72 - 0B AT/ > 43880 R] DUE G/ SRNN
HYEPREFTS PREES T - ORI EHIESR ISR > 2812 > BT DU ARy Y A
SIS > ARERE SRR - WA RRAVEEESS - NI - ASEH A EBARE A
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TR HEE D Z TR -
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(= s BRI, - DUREBREEE - £ —SEF7HAIT > R bR A
GEISSORT LS TR - BYREUE 7T A BR 28 RS BT AR

RIS Fr At B — AR B A R o A SR r AR AR Y « S HL - A SR 0t m] LUEE R AT
SR A —E S SRR - K 2D — R ERE 2 B (H4s 2R ISR AT T AR RS -
DU E MR — T B AR i
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BRI EER &R L - DUEIE bl S8R ST R -
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