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Table 1 Comparison of welding methods

Laser welding TIG welding
Quality (Q) X Spatter is O No spatter
generated
Cost (C) X Welding machines | O Welding machines
are expensive are inexpensive
Time (T) O High welding X Slow welding speed
speed
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A8y ZFELERMMA BT LN TES.

SEIORFEZIT O N A=A T, wEZEHL,
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An umbrella-shaped arc

Fig. 2 Progression of TIG welding
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Fig. 3 Conventional TIG welding process
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@ Ff fRifafx o A VERIC K S < 4 (Blistering) MV
Lz & (Fig. 4)

Enamel
insulation

Fig. 4 Blistering
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B 2NT Y ADWNTIRESFIED AL 725,
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3ATHRARZED, BEEICETZ 5 Y TEERRD K
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3) TREN IR BB T AVEANGET B TR TIRINL, K
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MZER/NCT 27201, IXTOERES Q4 Z2[Ek;
K THRT 218 (U T2 7RE] 20vd.)

ZHIFE - BT AL MAT, TOHREETIGH
RO UL, /AN ThSE S5 T, WY
Z VTN B 2 KIEICEIfE T 2 2 &N TES.

Fig. 51C, SRR LIV 5 Y THREOXZ/RT. i
BION—ZA T L— Nlif 727 5 > 79 %\ lEHRICE
BL, ATV T RIS THELUT, &MEETEEE
M & Uz, OREGNIE BAREREF TR RS ) O

Clamp jaw

Fig. 5 All terminal simultaneous clamping jig

THiC, EEORIRICEDLET, 77V TREZR
EL, WEEO LIRICA Ny 7352 8T, T—5KiE
DT VR LsE e REE LTz,

T I, WREREORFRREME D, Fig 3TRLE®
Touch®FIEL FEIE LTz, @Touchld, TARE T & /AR
D& LIz —EICROBMTH 5. T OHBEOIRAE
B LT, TAEBNICIDA AT ERIE L. IO
ThiEZ R, e S 2B L, BREROSEMmS XIC
T4 — N\ 7L TW5.

DL E DR AR Z R UTAS R, RN s —F D)
X1E, Fig.6&7%b0, Ko A2 Lz,

Simultaneous
clamp

’—b O Weld @ Move j

Fig. 6 Newly proposed terminal clamp

Welding Torch
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4.2 EXIELER

AAFOINZON—VAREL, 24F T O 7T R TIEHES
NT, 1DOOBFHENT 5. 33THBXRIED, TAEHRE
ERSNNRIOINT > A EL S T DI, TRHEAIEDIE
N EETH 5. —77, AEEROLG A& X, MRS
i CdH B INAN—DNE TIRE 2728, ST
(TR O B2 R 3 B BN D 5.

BRI B TS BT IE 2 IRAE T A R E LT, 41T
il 7=z3DH X T2 iER Uiz, S hiEDOmEm S 72 T <,
X-YFHEHREBEH L, BEMEICT 4 —FXw 795>
AT L E LT

A1 AFE, Fig. 7O K5 KB ZIRE T 5. a)D3DT —
RGNS, ERER T ORIRENEZ IR, R
BERAZELL, bOX5IS, f5ETS. aDtid, x5
MomEzX L THD, BYRAEERSSBIRGET 5 AT
LE UTRREET.

a) 3D image

b) Welding position setting

Fig. 7 3D camera data

5.1 EERIHEE XK

AR T, T4 T IVEFERIT- 128, Fig. 81T/
TR ICH X, IBFTO0ED, BEENRD, #E Lk
WIS A LT,

[ZE] EFFATVWSZOBIG R, @EENXT 2>
TR OTSEEHO2E TN 2 5L - b LTS, TAHEERR
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L

b) Side view

Fig. 8 Welding defect
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5.2 EEXIG

EEMRE, WEHREZ 7V 7 LeREz LS B,
20254 K D BRERBAMA LTz, (Fig. 9) TARGHEE S HASE
RLUTED, EERCEOTE, L—YEEE ST
RHHTWVS. (Table 2)

Fig. 9 TIG welding equipment

Table 2 Comparison with JATCO welding method

Laser welding TIG welding
Quality (Q) | X Spatter is generated | O No spatter

Cost (C)

X Welding machines | O Welding machines are
are expensive inexpensive (approx. 1/5)
Time (T) | O High welding speed | O Production cycle time

is the same as for laser

welding

6. L

BIfEIX, CTOTIGIAERE CEEZIT> TS, WD
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2. FHREES A U H R A HRIER

FHAAE D A VD 2 % 8 2 Fig. 136 & UFig. 217k
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Fig. 1 Demand v.s. Line capacity (Demand decrease)

* Determination of changes in the number of units
Numberof | W Investment decision ~fee

units
produced | A\ Start of mass production
(units/mont

h) | — Production preparation period OH Modification Installation

Fig. 2 Demand v.s. Line capacity (Demand increase)
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3. MTc IR EEA DRG]

TBELICHIET B 728, JEPSTIX R E O BLE 7 #E
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TREEMNOBENZRHIA ZRENH B ENH1T AV ED
BENERE V. Fe, HERIGKRIEFERD T 1 > 21468
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Fig. 3 Differences between Synchronous Production Lines and Shop Production Lines
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4.2 3y THES A VEBICAIT A #

vavTHEES AV, &b, a3y THALTOR
MARECTH A LD, fe/iZzfih < Hmd % T D AfHE
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Fig. 4 Model for calculating the optimal inventory
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4.2 BEES A7 LDEA
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Fig. 5 Diagram of AGV and inter-shop parts cart
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AGV for inter-shop
transport

Fig. 6 Parts cart transport using AGV

Imagmg equlpment I

Fig. 7 Parts cart detection camera and collaborative robot
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7> 7z (Fig. 8).

‘Number of * Investment decision

units.
produced A Start of mass production *%,
Production ion OH Modif
period

Designa

=
* SN
Line design OH Remodeling Installation
Design and manufacture of jigs
‘ Year
N mb o] % Investment decision

d S A\ Start of mass production
(uni 1/ onth) —» Production preparation period

Fig. 8 Effect of shop production line, when the number of
units decreases
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i, BED RN LIGEICIE, T4 VRN O
MEICEDY, BEESEL BN AREL TV,
TawTHETA VR 5T T, LRI 2
ML, WOV A7 KBEAH AIREL 2o T (Fig. 9).

*  Determination of changes in the number of units
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units produced
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# Determination of changes in the number of units. A ' ——

Y
Y Investment decision

units D\ Start of mass production
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*

Fig. 9 Effect of shop production line, when the number of
units increases
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FNCARE S NANVEIRA .
@ BENVHSIC HEEZ R E.
@ BENVHISIC B 2 M IF I FERESD
@ B R E VTR ERNE &
fifi.
® i E R 2 BRI 73S PR AR

mn O A BRI 22 il
i LR D B el 2

* 2— K L— hTLIRAER
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Sample of QFD results (Differs from the actual results)

() @
Customer
requirements NV defects Target

AIIocated
component Sensitivity Parameter
characteristics

No noise that Thumping noise AL <20dB

Shaft outer Diameter [By sensitivity line |®50+0.500

stand out from |when acceleration
the background

noise

Press-fit
start shape

By sensitivity line |In drawing

Bearing play

By sensitivity line |—

Fig. 2 Sample of the results by QFD

zhic $M@2LT?iO CE PR EZ L R T
HH U7z, 20242l THEES 5720, %o 7 ¢
Ih Jl/*ﬁ%ﬁ%?r@ L.

2.2 7 4 VHIVIGEERERE A DR E M

WEPNT — b LA BRI, AR L VS KE
ERIREN R 25 T & T, MUNENVEISE FERICHE
INBAREMEDNEES. AT, NVEHSITER/ ST —
LA VHAARTIEE L, BRNOIRERER, A58 OHR,
HENEERE R EEENERIC KD RET 5. 2D,
MLERETOA TREDHIE L)V EREICTIIT 2 C &k
feh T TH . FEDEICHKRT 2 MEZRAET 51
&, BHFEAIAD & RIS CH B HiliZ W27 2 P h)
BREDARRRTHS. ZT T, QFDICK D Lass
ORGEEICINZ, FHIKNHANVIRRZDEODOFRREHMN
&L, FEREZ AW KB T ¢ &A1 ) URGIE & S RAE
O ZADRENCHEZ BT & & Uiz, EEDOT 1 ¥ H)IVIRGEE
DA ZFig. 31T/~ .

Fig. 3 Physical verification

23NVERSZRNGIRE T 2ET/\2— 2 DHKET

BESEEZRN  RET 2 7201CE, RN EET
%, M THEINS D S5 Hb); 2/ LS
R—VDRFADPRDETH S, Z T TAKGETIX, QFDY
ONVHRDOFHEA N Z XA L2 E L, BHHRAA DNV
RIS R AT RE AR B TS R — U e EREE LT, BRI
Fig. 1T/RS K D1, TEROEARMNIZEIT/ SZ— A
T, =R/ AR FVYNNwITva /A0
ZHME Uz, 238 - 2O X S hn#Eo a > k
0—)b, [E4ET L—Fonmggz B0 &2 5 ET, W
INGE NIV BB IR ERBEOIANTE. Fiz, BT - EdE
B o BEEIRTL < 1B E TR DTG THE I NS 4L T
TBRIESMT & BRIPNCEE L, Bi—2&F TlI M DR 7z
NVEHSE T TE 2 XS ERE LTz,

T 5, BERREERORIMN S % TRt E
HL, EHEEMZ1DOET/ X —VICNEAEEET LT,
FR S NTFHM Y V) — AT & ETTHERE & Wi 2 N NRIC I 2
DD, NVHSZRN &L M Re s E T/ S 2 —2
TR

1 31



BHF/NT— LA VORE - REICETZTOY bO—T ¢ VU RRERIE

List the conditions Combine conditions for efficiency

E.g.,)Condition |E.g.,) Driving pattern

} -40Nm deceleration after

Speed Maintain 60km/h
Torque Maintain +80Nm
Temperature Drive with 35°C over
Throttle vol. Keep 25%

Gradient Brake at 10% slope

Step on the accelerator quickly

Acceleration Slow acceleration

Deceleration Deceleration

with e-Pedal
Steering Full steering
Shift Shift D to N while driving
Special Repeat acceleration and

deceleration with
extremely low torque

maintaining 60km/h

j—|FuII throttle with 35°C over |

with 10% gradient

Fig. 4 Part of the driving pattern

. 7aryraA—TFTa 77 7O—FOERER

Jayhua—7 ¢ 27 RENELRRE ARSI E ] U 7R R,

ML LR CIRIAE T E A o TENVIRREZ R U7z,

NS R THFEVINCHERR - MRS N7z, FilFE

KR COFRERD IIFRE LD > T

Fig. 51&, HANVEHRICOWT, EEOHIH (1) — H

MRS (2) > 78T — b LA VHAROIRE (3) — ERGEEAE
(4) DAFERETHNL, CThz—HOREMEE L Trl#it

LiBlcdh s, DIF, RIBBICHIT .

1st quadrant

Unacceptable level

Expected rate
from criteria

The best rate

Subjective rating (1)

‘
Veh._Vibration level (2)
i dB

G IEL NI Parts spec (4)

Criteria: ym

2nd quadrant

Final tester_ Vibration level (3)

Fig. 5 Analysis results of acquired data

HRIRTIE, EREFA=EEDOHME L)L (1) & Hil
THE L7IRENME (2) & DBIfRZR LTz, REDHIHE LA
VS e UTHEIEIE L TWVWa. YENVEIRIZ RS DA
HICEDST, R TREiLETho 2. ZDD, FEDM
H L)L & EHliRE) & OMICHBBEZRIEHER TS Ah -
7z.

BRI, Bl CHIE U ZIREIME (2) & F/T (Final
tester - Bl TFE TOE _ENVERAERH) THIE U Tz IRE) fif
(3) DBIfRZR Uz, HliRENE & F/TIRENEDOMICIE =D
MBI A S NI, U, HECKEE TOIRIMEDF/TH R,
TixbBEH ST — b LA VHAATOIREN %877 M LT
WAZ EZRLTWVA.

BRI T, FTTHIE L ZIREIME 3) EQFDTXKD
CERARREMEME (4) OBfRZR LTz, FITHRED & 50 SR ff
DORNCHBIRIRIIHERE T E I o To. SNV SUI N,
FEMEEOEIIC X o TIREN L X)L H 8 OAR/KHEI H] &
NTHO, FIRMICHENTNSTDTHSHEEILN
5.

DLEXDY, HlEOIRE L)V U TEE/ T —
kLA VR OHRE L) UIEHINC T3/ E <, BLEER
BEchoIRENCHK Liz/z, H—RBEHART XS I
NVHERDEEICHE EINT, BEL LA > Tz EMRL
7z.
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BB R A S RE U T2 ERRIC D &, REOHHE
LANVEHEI U7z, R TR K210, EBmazE LROE
S — R LA YTIMEiLTE, REOHMERMEE REl3
T EAIRMENT. T, EEAE LR TH % B bk
DIST— kLA VTRl LT — & ZFig. SIc X T Lz,
TR, HFEEBRONRT—R LAV TEREDHIRICED
Tnolel & T 4 Y HIVTHEE LTz,

4. ER

AR - ST — b LA VOIS - RS - FH
ODHIR LNV —HUKREMEE UTREHT 52 & T,
AR Y I BREDHTE LNV EHET 5 Tat A%z
ML LTz, THICKDERGETEFEIC BT ZNVHEMED Y
MRGEED AREIC R T2 & B2 B,

Xz, HliTOT ¢ I H)VIRGEZ RciE A 71 >
ra—F ¢ 2 TRIEERGEC K D, FAFEYI T ONVIRE
i & FHIRRD RIRE L 72 0, FFERIR CORGIEZHIC K
B R KRR T E =, KR, BH/NT—FL AV
DX S IENVREFRDZIICD Iz 28I BWT, KTk
OHEMENRENIZE VR S.

5. i&5m

A7 TOa—FIC KD, BHFEELRE TR M E RS 2
RUEANCHh - R L, SR E U TU PO AR & EE)
ST — b LA VERICEBWTINVARES YR TOVE E
ZHIB L.

Fio, AFHBEEHS - NT—b LA - Hijlj - FED
IR ORI RBIRZARINCTHIT T E 2NHEZA L, il
ANDACEEFIC BV TEENTH 5.

6. L

W

SROELE L UT, ATREITER U g A7 HHi 21l

T— R 7% E LICFENT T « T— 2 N—Z{b L, NVBi5
DOFHKEEOM E2XS. Fiz, X0 DRVEHE T CHE
Wi FE ONV SELRAE 2 SRS % T ik O 2 ke, B
FV — R Z A LOFHE « I A MG -« & FICER LT
AR

H@i éyh
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BTk e

BRERIR IR EPmmDA —AT 71 MR ER

BREREFD

E'\/}_._/EE'ﬂS

ik BEEA* NN

g R ke

¥ 8%

@Fﬁﬁ&‘iﬁ?ﬁiﬁﬁbté%%ﬁnnbi SR N2 [T A —AT F A MRRORERILEN LTS eNH 5. &
WFIEEMCH SN TV B, ZORELTVIEHETRRY. ZIT, %‘B%%ﬁ BRERRR LR 2 VT, %
BN T ERREDA —AT F A Mﬁ%é:@ﬁﬁ%%i’%ﬁkcko’CHHIZiN: Liz. |

dbe B2
1. 8=

RIRBEANBES B UALEE (AT, 2R &, i EFEE
EPEFIRIE N S B T O EER BN L U THE)
HRERAW CIASEHENTWS., L L, 20D
BLEFRIC BN TA— AT F A MESKLO R (grain
growthBA 'R, G.G.) DWVRAET B &, ERMmOBMAERE N
LKL, BEZam-eERlhc 8z KX d T LD
HEINTWB®., Fiz, BENKEDOREICHET 5K I
DT HIATHIETHRARENTE D, Hriiiontm, %
INLREDE, BXURUPSEMIC BT BiRE R ENFER
FELTHEIFLNTLEYY. LhL, GGITHT BN
5 DR T OHAAEH RIS DWW TRIEAHZ AN Z N
DHBIRTH 5.

AT, WHBIBRZROR KRB ZEEE L2 T A b
E—X (LLFTP) ZHWVT, G.G.OFRAEICHERZ NIFT
K+ DREE & Z DB OE Rt 21T T2

N
3155'3'

=

G.G.OFEICE DB AT TR, H—DRF221t
TH, GGILMIFTZEDRFOHEIC OV THRE SN T
%9 UL, EEOHFHELEICB VT, G.G.OREI
B2 N TIIZBIFET S, ZDYD, GG.OFEZHR
ICBhIET B 7z0Icid, N5 ZBON T ZEIICEE
U, SKTMG.GAT MIZ T 58 72 i AN 9~ % i B
Wb 5.

e, wBENERLEINERFTH-TE, ZhH
%E%L7Dﬂxk%wT%@T Bl KT,
WEEMANDT 4 — RNy I H WL 725,

L7zhv o T, RIFZRICIIT % i8I 8ESF I E #%
T4 — Ny AR R 2RE L, TND DR E
BMICFT 22 L THS.

3. ERERRIR A

G.G.EEBEMBMOZIITENHET Z2BHETHD.
DIz, FEANZALCED BN T L ZUTET S IA
T2, BEHAROZOBRET LITHRRNICERE L. A
AT IEFig. LIRS K D1, LU F D4R DSTEPIC 431

THlizEti- 1z
STEP 1: G.G. & 2K 1% DAHAED B R
STEP 2: {2 % DR & 1 EE % O FHAR O B %

STEP 3: ¢GRI Z O/ & FAHHAk S & CELESOBIR
STEP 4: &3¢ b a— )VATRE/R A7 & G.G. D%

HSTEPIC BT, HMAHEFHIAALROMGREZ AR
fRATIc K Db L, MHEDEWIRFZHH L.

RALMICSTEP 4TI, BE TRETHIETRE RN+ &
G.G.L DRz 2 ZEITIC L D ERL L.

AFEIC KD, PRITRICED 2 b O 2R 7 B
FEENC TS 2 EWATREL 2%, Chuc kb, FEMERE

PREREELESM R &, EEOBLE T 1t A THIEA e A
TING.GIT RTINS 2 WA IR T 2 2 MV TES.

IS AT LBHFEES e A N—2 g RN
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Carburized Cold-formed .
Metal microstructure
mi tructus microstructure
Y
v grain siz o grain size o grain size
Aspect ratio C segregati
Adj; it grain size dist
Minimum g iz C
number C segregation distance Hardness
distan Degree of Chemical
(maximum grain Precipitaty deformation of C mposit
diamet G.G) segregation N
distributi Strain
STEP 1 STEP 2 STEP 3
y * austenit
a : ferrite STEP 4

Fig. 1 Extraction and quantification procedure for G.G.

influence parameters

4. HFHHEDEZT

41GCREANZA L

—MRICG.GIEBEFE I 5 Kl AL D T3 )V F — 22 Kk T
L1DICHETZEHETHD, TOHRICBF 2T )L
F—HFRIRRTIINF—TH .

UL LEDND, GCOFREBIIN AL RIVF—DH
WKMKIFST 28D TIEARL, BRIV F—, AT 3)LF—,
I KU PN K 2R R 3 )L F — 75 EDEE DI
R FORELZT 5. CTOXSBEENETEREERT
5128, AT 3RIVF—K I BET % 5288 1
ARG U 7z

42 FIRTX)VF—ICEADLBREF

RT3 )VF—1E, R EEDFRDOEE TR )VF—T
Ho, WEFHARFICE> TRESINS.

RIBETHAET 5G.G.1&, MM FROIMEAEICEKD
ECZTXINVF—LEZRNT 57008 THS. Z0D
e, BV F—BRURAZIIVF—N—ERMNTICH
256, G.G.OFAEIFZFICHEFET 2MOREAITRERS
5. TOBENS, RETEBBHBKONBEELTZD
AT B 2 KT 2 fhi U7z,

43 EIRIVF—ICEDZRAF

BTV F—IF, WRBRIE R EOBIEZ R BRI BN
THMRNRICEREI NS T IIVF—TH5. OBV
F—IF IR FHIIRE O PN A i P SO AH AN RETR 1 BN 735
BhrEZ25L8lc, MERRRKEDORE) 2T % EEkR
HF¥THsb. O LZERL, AW TIIERIESRMSE
B R ORI ORI D 2 K772 i U 7z

44 RATX)VF—ICBDBRF

BT 3 )VF—1F, 2R EOBUEEE THENC A 5
ENBZITHRINF—ThH5. TOIRINF—DORETIIX, H
fEin I X UHIZ R DRSSk D I E 2B IHE R 8 5.
Z%. TORERERINCEHMEIT 2785, RFFLTIRIRR
TRACHT ZIRESMZEERK & LT L.

4.5 REREDT

AMPORBRRENZT B &, BIEHIKROZLREIRE
MR OB ENZ LT 5. RRTHREBIEERICB N T,
PSRIRHTERAL (BAR, CIRFTERALD D7 =54 bR (XL
T, akD) &, EHDEELROELE LR L TRELE
BEL, &0ZLOEIRIVF—DERT SN HS. T
DHGITHEHE L, AR TRCHRATEAA T OMRREEIC
B B Ry Rl L7z,

4.6 RIRRINE T2V F—ICEBHh B RF

M2 RIS B I S B % T & T, fEMmORIRE
ZSNRANCTHIRIS % T L WATRETH . S TiFZEIC KU,
[ER20nmEL RO YK EOHIfcAEITH S T &
PRESNTNRO. TOHFICHEDE, AL TENH
oY A XI5 K24t Uk,

P EDFRBICHKDE, GG.OREMMBICBEDZ XML
FIVF—NT RGBT HFEL, ThENCEEZ RIZT
K72 cd R hl L7z (Table 1).
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Table 1 Extracted parameters

[Hardness

o particle size No. ave.

o particle size No. ¢

C segregation width ave.

C segregation width o
Material C segregation width ave.-c

and forming parameters JC segregation interval ave.

C segregation interval o

C segregation interval ave.-G
(Chemical composition
Shear strain
IEguivalem strain
o particle size No. ave. in C segregation
o particle size No. ¢ in C segregation

o particle size No. ave.

a particle Size No. ¢

Aspect ratio of a particles

JP-F angle

ILxe

IT X Movement distance

[Hardness X C segregation movement distance

Post-cold forming
and carburization
parameters

C segregation interval ave.
C segregation interval ¢

C segregation interval ave.-o
C segregation width ave.

C segregation width o

C segregation width ave.-c
Carburizing temperature

y particle size No. ave.

|y particle size No. 6

y particle size area ratio (No. < 5)
[y particle size area ratio (No. = 10)

Area ratio of particle size No. < 5 near C segregation

Area ratio of particle size No. > 10 near C segregation

Post-carburization

parameters |y particle size No. ave around maximum vy particle

y particle size No. 6 around maximum y particle
IDistance from maximum v particle to C segregation
C segregation interval

C segregation width

Quantity of fine precipitates

JPrecipitate size ave.

5. RER5 A&

AL TlE, FEEROIRGHELE TR ZEE L 72TPZ FV
THEEZERML, S5EERICBI 22 BHEOZ a2 2640
ICIHE LTz

5.1 {544

HEEAMITIZIS G 4053ITHIE TN TV S SCrd20&ffiFH L
Tz, WO HEIREZ 2L T 5728, 3DD ¥ %5
iy b OMRZZERICHE L7 (Table 2).

Table 2 Chemical composition (mass%)

Steel | C si Mn P | s A N
A | 021 | 031 | 0.89 | 0.017 | 0.015 | 0.044 | 0.021
B | 022 | 033 | 0.86 | 0.017 | 0.015 | 0.038 | 0.018
c | 022 | 033 | 086 | 0.019 | 0.015 | 0.043 | 0.018

5.2 R

HIBIEREC a KI5 E N5 8E1E, 45Tz &
INCHEMMMOT B Z TS, T T, kb 7zE p8x
12mm®D MR OTPIC Bk N T4%, vy HAHBE THgAL,
ZTDRGAHREZZLEE (Fig. 2), Bk emHMzH
I 5TP2{FR L7z (Fig. 3).

g 850°C
‘g Cooling rate
& (0.1, 0.3, and 0.6°C/s)
o
H
Time

Fig. 2 Conditions for controlled microstructures

Fig. 3 Examples of controlled microstructures

5.3 BEMFIC K BEIXILF—DRN

¢ 8 X 12mm® M FEIRTP 2 HLAl -9 2 v [l O 72 S it
L7z, 15 LTSRS K U8 AMIE I3 IR AL fRATIC
X ORDTz. Fiz, TPHOED DR S RN D58
Mozt Zz#E L (Fig. 4).

1 Shear strain: high

1

= Shear strain: low

: Observation area

Fig. 4 Finite element analysis of strain distribution during
compression testing
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5.4 RIRICKBBATRILF—DFIN
EERIREE2950°C, 970°C, 1,000°CD3IKAEICRTEL, &
IR CHTE R R FR %, AN ZHE L7z (Fig. 5).

950, 970, and 1,000°C

Oil quenching

Temperature

v

Time

Fig. 5 Carburization Conditions employed in the study

5.5 G.C.OEL LR F & D%

HTRICBI 2eEMHAMZBIZL, Table HTRT AT
OERLZITo Tz, RIZETIE, SEMHKOREZIS G
05SSUCHEHLL , #EMAi A= (AT, BiENo.) ZillE Lz,
C ORI TIE, KiENo.DBUEMN K E < 7% 5 1% ERbiki
(LUF, WifR) Mz s  &2RLTWVW5.

BEMAKZHEL, SEMAMICED K2t
7o, TRV, Fig. HTRUTZSSTEPIC BT % HINAEL
& AHZE DB R 72 2 Z S fiETIic K kT L7z,

6. FRITHESR

6.1. AT CDGC.C.EERTF

6.1.1. G.G. & IRIKEDMBH & DBIFR (STEP 1)
FATHIZEDOME DB D, G.GIIRREDEIEHN & &

WHHBEZ 7R L7z (Table 3, Fig. 6). G.G.UE y RifEDIX 5D

SR ZWVCIRHT O AR CoFICREAE L (Fig. 7),

ZTNICHDBHRFDOE R ZITTWE T NS E

Tolz.

Table 3 G.G. parameters of carburized microstructure

Objective variable name R?
Maximum vy grain size number 0.78
Standardized
Explanatory variable name regression
coefficient
Distance to C segregation in maximum y grain 0.50
Area ratio of y grains with size number < 5 near the C segregation -0.31
Average size number of the grains surrounding the maximum y grain -0.24
Amount of AIN fine precipitates -0.04
Average diameter of AIN precipitates 0.00

1 291

()
[

Observed

(%]
[

A0 .0 2.0

Predicted

Fig. 6 Multivariate analysis results using carburized metal
microstructure parameters (STEP 1)

Fig. 7 An example of post-carburizing microstructure
where G.G. occurs

6.1.2. ' REKEBE DR & AERA DR F & D8R (STEP 2)

6.1.1. THIH U 7232k % O & OFHBIAYE - T2 K+
&, BERIEEZ O o FiENo.DIE 5D & & Z D -tk g
No., CIRHTrDOMIbE, X UTHEmOZEIEE 2RI R
DA EN RN T TH % T EMWHBH LTz (Table 4).

CORERMN S, GGICHET 51k BOMME, A
IEE ORI T 3V F—35 X OISR IERF OB T RV F—
EBRED DB ENDbho Tk

Table 4 Relationship between post-carburizing
microstructure and parameters after cold forming

G.G. correlated to the post-carburization Highly correlated post-cold-forming S;zn:tl:::iloz:d R
microstructural parameters parameters B
coefficient
Average grain size number of the surrounding |Variation in the o grain size -1.09 070
[ coarse grains (No. 4 and below) Average a grain size number -0.43 i
A tio of tals with L Carburization temperature -0.60
rea ratio of crystals with an y grain size —
number > 10 near the C Segregation Average a grain size number -049 055
Variation of o grain size -0.35
Distance to C segregation in the maximumy  |C segregation deformation angle 1.69 034
grain C segregation interval -0.47 i
. . L C segregation deformation angle 0.70
Area ratio of crystals with an y grain size -
~ . Carburization temperature 0.54 0.30
number < 5 near the C segregation —
C Segregation interval -0.36
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6.1.3. BERTEEROREF & EZMER, HERHFORFED
R (STEP 3)

6.1.2. CHiH L 72 im I IE 2 O R+ L #HEI DY by o T2 Al
TE, EMD a KiENo. & ZDIX 5D F, ClRITDIE & RHFE,
BRUOBAWIETHSZ EMHBHLTZ (Table 5).

STEP 3ICHB W T HSTEP 2 & [AfkIC, AT R F—&
B RINF—ICEHDBZRTD, G.GITHET BEHKIEE
DONT-EBFENSH 2 T EMbhro iz,

Table 5 Relationship between parameters after cold
forming and material microstructure and manufacturing
condition parameters

Standardized
Parameters after cold forming [Highly correlated material factors regression R?
coefficient
o grain size after cold forming o grain size of the material 0.82 0.67
C chrcgatlon interval after cold C segregation interval in the material 0.30 0.30
forming
Variation in the o grain size after Variation in the a grain size of material 0.52 0.29
cold forming C segregation width of material -0.55 ’
Deformation angle of C Shear strain 0.55 031
segregation after cold forming C segregation width of material 0.18 ’
Shear strain 0.61
Shear energy 0.39
C segregation width of material 0.33
Carburization temperature Carburization temperature

6.2. G.G.EETO Y bO—)LARERRF & D%
(STEP 4)

6.1. CHEE LIRS K D, 6.1.3. THith L7z[A 11
RIRIREZINA, GG .&DORMFRZMT L. ZO/ME, #
M D a KiENo.NG.CNDEEELRE &<, RN TEHEM
D a KiENo.DIX 5D E, FEMCRME, % L CiRKIRE
ERAWIEDIEE IZ 57z (Table 6).

CORRNS, GCOREFFRI T IVF— (EMH
), BrxLF— RREIEREMT), BAoxlF— (2K
IS OFBRZ 3T EHMHRETET.

Table 6 Relationship between G.G., material structure
and manufacturing parameters

Objective variable name R?
Maximum y grain size number 0.21
Standardized
Variable name regression
coefficient
Material a grain size number -0.72
Variation ¢ in the o grain size -0.53
Width of C segregation in the material 0.43
Carburization temperature -0.35
Shear strain -0.34

7.ER

#higcay ba—)VAfRERNTD S B, MO a ki
No. Cahiff) &, FriBiRAEL 5720HG.G. L@V iHE
Nbh-olzbEZ 5.

@© a KiENo. MK Z W Ca R &, ZREROD y Rif%
EMAMIC R 5. ZDd, DI MEhREATH->TH
BT IV F =@z, RiREMEESNS.

@ —fRICHESRID A TH % &, MRBRENEML, K
M LR DZETEIEREME RS 5. ZD7®, ZBLIC
WKL DNRTE T 2 MR Z B9 % &, Tk OfH
e ZNDANOHREE D TRICERNEL S, Th
X, 45 FAREDBISICIR S D TRIREDMEESINS.
—75, FriPncBb 3R, Fig. LIC/R Y STEP 1T

WTC, GCNDEE 2RI ARGKRTFL LTHE SNk

Mo iz (Table 3). THUE, KERBELATEZ S BRI

CETE, BT XK AR EMRHZ  LF—X D &,
R EZEET 2 TRV F—D WL TH ST L%
AbNhs.

AWFZE Tl Fig. 81T & 5 I BRI R+ & DK
FRREEET % T LICK D G.GADFELE N EOHlfER]
e T RRFE L. UL, TORELEKT%Fig 9
WCRT KD ICHEEG.G. & DBIRZHERE U 72 AN H B 1A
Motz (6.20%55%, Fig. 102K).

Metal Cold-formed .
. 5 Performance
microstructure microstructure

<9 9

Fig. 8 Method for identifying the influencing factors

Carburized

microstructure
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Metal

microstruciure

Fig. 9 Method for predicting the G.G.

10.0

R2=0.21

8.0 =
g 6.0 -:'ii: LN
o 3 et oc;"
Z £ o, 'f't:
2 a0 S T —
o . f .
O L] -

'. .
2.0
0.0 +~
0.0 20 40 60 80 10.0

Predicted

Fig. 10 Multivariate analysis results using material
microstructure and manufacturing condition parameters
(STEP 4)

CNUZFig. 8D X 2 I 1 & OKIRE Rz BT,
FULIzldTHBEERS. LIEED>T, AEFIOXS
IR LD E C A BI5 T, T2 kot &
IR FEOMGFRZER L, Z(BOMIZ Tl 2 B0
H%.

F fzFig. INRT K91, EMBICRRIEEDE—T
HHICENNDET, GGOFENHHEEARDENMEEET
375 <, BAROERNMERRIC B THE U HH S MRS Nz,
AWFE T, INTRIOBGRZ I NTHIERGRE U TRA
728, Fig. 12OBHRT/RY X 2 HIFMEERICH 2 I8 1%
HEEORmWKFE LTHI Liah o7, 2078, 45l
FrE LRI TIEEHTE R WESENRE L EE X
5.

Metal microstructure

After carburizing at 970°C
T 2

Fine precipitate content: high
¢ Grain size: moderately coarse

S

Shear strain: high

Fig. 11 Comparison of the pre- and post-carburization
microstructures

Fig. 12 Issues in the current influencing factor

identification approach
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NADT 2y NT—=7 | K= RERmD
REEAFEETH

P S DU S R A W ke
[ Bl INE S stk FEE fiskesss

|

¥ 8%

SRERIZIC RS OFREAR 725 | R I RE KRR, EHTHERNVECLTDRETHDNNETH D, AWETE,
NATT U2y NI =V 2R L, SRBGEZ B LR 7 — 2 20 TAE S8, EMOMRRE S K TRIESRMT
W5 FHRIEDO R Az T T E 5 FEZMEL.

dbe B2
1.58=

T, H B 2RI B W T IECASE (Connected,
Autonomous, Shared & Services, Electric) DML,
AR 2 500 L DD m i B A 2 2t 92 C &
MR RO ENT VS, [FRFIC, FABE#E D5
WHECBIE T2V T VAT — A= 3> (DX) Fig. 1 Example of G.G.
OHEFEIC KD, BLESRM O Rt 23R T T 2 FEDOWE
VDEEDOHEE 755 TV 5.

12
COXIHEXENTROH, NTHIE (AD Zi{EHL P
T B0 TAL S & OSlF OBl LR, FIFEIR o Kifi & ,
RO R RMIC RIS 2648757 Ta—F & LT ;
HZHEDTNBY. Th oD R, Mitic 2 |
BT AR L7 B3 7 11 2 O Bl e H i o B 5 ERO
e = za’
g B o
_ E8
2 BET—NLBRE 7
4}
A
BREN R I IS B BRI b B 728, UBEIC &5 3 | T
ECIRBIEAN, PER UILBAIT, BRI R 5. =447 5 7
Z OBEOBEHFED—OIT, WHOME R3S d d— AT FA bR
B D 5 D BAHI K E (grain growthd F, G.G) Hd Austenite grain size number
% (Fig. 1, 2). oI EMME, =ZxRiEL, BEe Fig. 2 Strength reduction due to G.G. ¥
B OERNEED LET B

RIS AT LTS e A S N— g VEARHFERS ooMI-6 FRIA R oo BRURE
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NADT7rxy bT—=7I1CLB

RIREPmDRBERFLE TR

ZOY, Hiliz/NT X—ZOE R TE T KT
HBDT, INTA-ZOMERICKDIRENELT B L
BB LI Tzt 5> BN H % (Fig. 3).

10.0
R2=0.21

8.0
=] -.-':;": ;.:‘ T
o 6.0 yt' 5
E *' ": ocﬂl'
Q % -:") rf!t:
£ 4.0 e areT et
O o '!.l - .

2.0

0.0 ~+

0.0 2.0 4.0 6.0 8.0 10.0
Predicted

Fig. 3 Multiple regression analysis of post-carburization
grain size number based on in-house evaluation test results

FATHR TIE—EBDINT A =2 DA 2L S, G.G.O
FKAEICHT ZEEN R EERE LTS, L, #
BROEBEELE TIXZNLANDINT A= B LTS Tz
b, T SE I Ul ihES M OREZ1TS T
IWEEL .

Z T T, HBONRT A= 2 EFARICAILT 2R
HEETORETMZITS L ZilEE L.

Conventional models

Performance

Microstructural
information

Composition

and process

3. REMERA A

Sl HEBDINT A— R ZRRHCELE - 2R GH
HETOREE TS DICAIE V.

AIZ FHOTEMPRREE O TRINE, FICH— TR TRED
PET 2@ TMETEZHNLENTNSY. —7,
THREZ R CTHEH R LD U 2 SREiA Rz Fl D T2 8
DR B3 % 5 FE D70,

TERDHEMRAIT O FHNE, FHEAZER OBIRM: 2%
R ISR & HINAE L OBIRME 22728 & 8 2 M)
MNH%5. D, HHEBOHEGRICK 208 Z 70
EETERW.

Z 2T, KARBEFROMGEZEHREHL, BFEOHRZ
Mg 3 C EMARERERETIV LLFRA DT V2w b
J—27) EHWAZ i Uiz (Fig 4).

TNk, MNP DB EGE RGN EMT Z,
G.G.OFETRMNAREIC R 5 EE ATz,

Bayesian networks

Microstructural
information

Composition
and process

Perlonmance

Fig. 4 Comparison between conventional prediction models and Bayesian networks
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NADT7 xRy FT—=7ILLB

RIREPmDRBERFLE TR

—RI, NATT Uy b= 7 3EGHEE S A,
IER7R ERFED N2 IRET 50BN D% . Z DT,
FERDT— XMW EDIRED SNND & THIFEME NI 2
URIWHD. —7, AETIE [GCOFREAR] L0
I TAE (BRI HFEREE U TR ER LIzTz8, ki
BV A Xz E Okl T — R R EEL S R EIT . T
TIRIRZD I KR OR L= 72 1S G 0551THEWTIIE L,
IR DER KR DOR RS DS D E DONMEELIGA,
GGIELEHLI.

T DX HEEET — 2 TR SR rEETT
LT E, SHRIGEICIES BREDY A7 HxL, FHRBR)
RNTHS.

ZD, SEEPHECKZNATIT Ry NT—2
ZHWAZ EE LT

4. R FIE

ANC X G ME B XTI ERHEE, Fafics
TA—=R A EE, GCOREZMHIRELIzTANE—X
(TP) DFHMiFSEEAE Wz, T OTPEMIEIE, FEBMh O ELE
ZREEL, 83T XA —23IERMOREHIPAZHEE L, %
ELT.

SEl, RF—REFHTET LT, AIDEETZEEO
e 2 <, G.G.ORETHOREN M L TESEEZ .

X7z, AMFEORZHZBEOHHELEIC KME 5
7o, BLERFCHIEEEEZMB R U TENNT A —2T
GCG.OREFEWMNTHTESET IV EIEK L.

4.1 ZEINT A — 2 DFEE
HATOTPRIHE CTHUS L7z, GGICHET 58T A—&
DOHIT, RREDRKKOREHRS & HBENENE Dz 3
ELT.
Flz, BELENRTA—=ZOHRT, BIKEBORKKO
RIS & RN D % & DIEFRV Tz (Table 1.

Table 1 Parameters affecting G.G.

Orange hatching: selected parameters

Grain size number ave.

Grain size number ¢

Width of pearlite bands o

Width of pearlite bands ave.-o

Material and forging parameters

Spacing of pearlite bands o

Spacing of pearlite bands ave.-¢

Shear strain

Effective strain

Grain size number in carbon segregation ave.

Grain size number ave.

Grain size number

Aspect raito

Angle between pearlite and gerrite

Lx@

Post-cold forming and carburization |txmigration distance

parameters

Hardnessxmigration distance of carbon segregation

Spacing of carbon segregation ave.

Spacing of carbon segregation ¢

Spacing of carbon segregation ave.-o

Width of carbon segregation o

Width of carbon segregation ave.-¢

Carburizing temperature

Grain size number ave.

Grain size number ¢

Area fraction of grains with grain size number 5 or less

Grain size number around the largest grain ave.

Post-carburization parameters

Grain size number around the largest grain o

Distance from the largest grain to pearlite bands

Spacing of pearlite bands ave.

Width of pearlite bands ave.
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NAIT 2y b T —=VIC K BRKREBRDEBHFEE TR

4.2 BEFEKE T Z 7 DIERL

BRADT 3y b= ZERTLHICE, 2
MOEGREZRT 2y NT— T Z21ERT 208N H 5.

JFEBXCET IV LRDTZ/8T A — XA L OBFR
ICHDE, XAIT Ry Y — 7 DR L 7E 2DAG
(Directed Acyclic Graph; FHJEKR 275 7) ZVEKT % C
Clc Uz, £z, G.G.EERMELER OBEMMOZIC X
DFRETZOT, MO, BFEMCET IVEE
L7z (Fig. 5).

4.3 ZHDBEIL

DS KBRADT 3y FU—T 25 B, diifE
e BERUHICZE RS 2 0D % .

ZIT, RELINNTGA—2DT—27z88itL, o
FU7z. BARMICIZIBRBIEER S X RS D/8T X —
ZOEIC KD, RIRED AR DORIER S DS5LL R 5
ICRAITESMH (B Z2RDTe.

ARk, WEMRIE RS X CRRSEMD/ST X — X DfE
PRAIT E % F:M B K CEBBIBRMN DT X —Z DRE

Material and forging
parameters

Shear strain

Effective strain

Width of pearlite bands o

Width of pearlite bands ave.-o

Grain size number ave.

k1= (Fig. 6).

Post-cold forming and
carburization parameters

Post-carburization
parameters

Lx6

Hardness x migration distance
of carbon segregation

Spacing of carbon segregation ave.

Grain size number ave.

Carburizing temperature

Fig. 5 The DAG in this study

Material and forging
parameters
Shear strain Lx0

. . Hardness x migration distance
Effective strain e E

of carbon segregation
Width of pearlite bands o
Width of pearlite bands ave-c

Grain size number ave

Grain size number ave

Material and forging
parameters

Shear strain

Carburizing temperature

. . Hardness» migration distance
Effective strain e e .

of carbon segregation

Width of pearlite bands o

Spacing of carbon segregation ave
Width of pearlite bands ave-o

Grain size number ave

Grain size number ave Carburizing temperature

Post-cold forming and Post-carburization
carburization parameters parameters

Spacing of carbon segregation ave

Post-cold forming and
carburization parameters
). Lx8

Grain size number
of the largest grain

—_—

Megative effects

Puositive effects

Distribution image

\ Grain size number i

P

Negative effects

Proportion of G.G.

L*0 Threshold

Positive effects

Post-carburization
parameters

O G.G. not observed
O G.G. cbserved

Distribution image

= =T
Grain size number *
of the largest grain el
=
S 1w
=
S, =
Negative effects % i
=
(-5

N

—

Positive effects

Fig. 6 Setting of threshold values
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Shear strain
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O Below L * 8 threshold

@ Above L # 8 threshold



NADT7 xRy FT—=7ILLB

RIREPmDRBERFLE TR

AANATT Ry NT—0 DIEE

41-A3DFEREFEL, XATT U3y NI — 7 kiR
Lz, TORAIT 0y NT—TTIE, & 5aiHZE (B
ZIE, FEMINGA—=RD—D) ZEHET &, TOHEN
Foy NT—=2 2@ U TaE L, BEd 2 MMoFHEE (5
I/ NT A—2) ORI MZEHT 5. NI,
COFEFHMEMNEL (G.GFREDEHM) O THIHEHRIC KM
N5,

CORMZFIHT AT LT, EMBRUTENT X—
2 LT, G.GHIFAEFIIFFE LW %
R T ENARETH .

5. FRIDIREL AL FER

SER LTz BT IVOREIEZIGES 5 728, faE (108
W) ZHWT—DIRE LM ZF i L7z (Table 2).
¥9, —DOMHEEERVIZRD DAL DT — XAl
IR Z0%, ROEHEEOEMBL O TS
FTA—RDRT— 2%, PHILLTFHETIVICANIL,
GCG.OREETHE . ZORIET—ZIIH> T
LN EHEER LTz,

MEEDFER, EMBIUTTHNRTA=—2E ALK
G.G.OFETROERIE, 798D DGR THT—2EH
U7z (Table 3).

Table 2 Leave-one-out cross-validation method

Validation pattern

1 2 3 4 |---[107] 108

DataNo. 1| x [ O [ O | O Ol O
No.2f O| O | O| O Ol O
No.3l O| O[O | O Ol O
No.4f O] O | O| O OO

|

No.107f O | O | O
No. 108 O | O | O
O : Training data

@)
@)
@)

x : Validation data

Table 3 Prediction results of G.G.

Result

e N

Non-occurrence 67% (57/85)
Total 73% (79/108)

6. FRIETIVOREER L

AREREZ, BHRBESZ T 5LV 1T, &RE
DT RFERME S NTH, HEEOHHELE TC.G. 2R EX
BRVWEHEOTFHRIEE LTIE, 67%& IR L TRNT
HHFEHREFE Z Tz (Table 3). Z T T, LG TEREI N
5CG.GREIRROEIEOREZED 57, BhEnThE
IR OFIPAINTHIE R EZ RE Lz, ZOE, Fig 7
WRTED, 88% X T THEEMNH L. ThickD,
G.G2RET R VRIESM 2 G EIC Tl % 2 EAYA]
HEE o Tz,

Criteria

Non-occurrence

Proportion

Prediction of G.G.

L

Revised criteria

Fig. 7 Modified decision criteria improved non-G.G.
precision to 88%
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TNE TOWZETTRDREE & XTI Hil# OFS 5D H
HWRIE(G.G.ORETHNCE D #A, LLFORIRZS.
© /8T A =2 B ORRBGRZZEATREIRANA T T V3w

NI — DR T BT LT, GCOFREETHTSC

ENTE.
@ ODOFER, G.GEFE X B OELES: 7 88% D ks i
WCTRT BT N TE.

8. BE Xk

() /K% BH, Dk 5%, A @K, SHOeR, IUr 3,
NG FE, HE MR RAYT Ry FT—FIC
K ZIRIRER S D SR RIFEAE T, 2025 HFEFRE Al
M TRE (B, (W0t BEIEHEEIRZS, 20254,
pp. 1-4, FFiEZ1S Tlindk

() fEH MIB At BRE T ERIC B B GRIE A E R DT
FOBR, Pk, Vol. 109, No.6, pp.464-489 (2023)

Q) SR T, At PUBERIR RO IHA— X T F A AL
SR R EMMS O, JFERZHR, No. 23, pp. 30-35 (2009)

@ AT EWHWMOA— AT F A MESRLE & B
HIZDOWT, MRELER, 6%465, pp. 446-452 (1957)

(5) BEH F - GHEARIRL IS D < BREi R o ¥ 28
B L EEHBOTHI, CAMP-ISI), Vol. 37, pp. 387-389
(2024)

(6) i AEL : PoLylnfoZiGFH L7ciin 71 7 47T+
7 A, BRI AR, 3784+, pp. 94-98
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(7) Hui Wang, et al. © An integrated approach for numerically
predicting the failure of resistance spot welds, Science and

Technology of Welding and Joining, 27, pp. 229-237 (2022)
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MBSE/MBDEHE & ERGAILLM)EHICK S
e-Axle> A T LFEFE ORI

1725 A D N = e[| S S SO 7T S 1 ST 57 Nl S0 (= Rl

¥ &

e-AxleBHFEDRIRIbLICTY, RF 2 AV MHLODVAT LAY Y7 V0TV 2)UbL, LK EALEE S & 5 H
DA ZEIT STz, TYZIETRERAZMEZHREL, V—IUKEFEDDONE NS 2 Z 2 LA 2B A G2, AL
BETIINT FIVRAG (Retrieval-Augmented Generation) & 7' JRAGZ LR L, BAGRIBEMCTR TS TRAGH S S 75 TG
i &L ATRIBARLO AT K 238G OZ Y MMEEIcERI Th b T bR LTz, @

1. KANE

System Level

A, EEEHEORGET T NI, e-Axle (FBHIT 7 A
W) BV TIE, ADEHRAEIFING FL T AT LhiFE
DY DM b ENREDEELHE L Z> T 5.

WROFGF T AT, YATLALYI=T VT
(SE) D&% A L TR-F-L-P (Requirements, Functions,
Logical, Physical) IC5D IHHEZFHML TWV7®. L
AU, B0 & S I IESERBMBER, + X7 Ll R
DONTZZHORF LAV LTEHINTVWS D, ™
AT B I RARS0EEDO FF 2 AV MiZzZiTERUEN LA
ERHREZELUH S RN T RV, B2 XD %5 HE
DEENY AT LRI ED X S T8 7% 5 2 % 7z filde Fig. 1 SE Management form
THRIFITEE2REFHDBODB LV END - .

— 71, WESAERAL CREIBSEEE TV I LLM) W&

LB L TS, SEO 7 H TIEMBSE (Model-Based —
Systems Engineering) D A7 LERZERKANCEH T8 (ot langunge)
%7 T O—FOMREERTVB. g_:ﬁ:;m e '\{“@:ﬁ?'

KWFFEClE, EEIEEIC D BR-F-L-PICMBSEZ @/~ — e
L, K2R d &SICMBSEZ £ E L, ERAIEEHEL [&iﬁ ] [ﬁ?ﬁﬁo‘!ﬁi Tool ] :
clEmAO%={b L, MBD (Model-Based Development) Result
& s U 7ot fin - #5 SR A ORI Z X 0, B A E— e,iu:ml T Ret  Paomeres T l Parameres
K7 7 L hom L g - o

[ SysML Model (MBSE) ]

Fig. 2 Overview of this research initiative

*A S R— g VAR okl Lightblue  **0XF YV Zw T VT LT A RS
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MBSE/MBD:E# & £ BAILLM);ERIC K Be-Axles R 7 LR DI

2. MBSE D185

MBSEWZ 7Y ZINVETIVEHRDIC Y AT LALY V=
7V T RiTS 7 T a—F T, SysML (Systems Modeling
Language) Zffi> CTETIVEENS. RO RFa AV
MERXDSEM#Z & LA D 15 £ 75 5MBSEET )V
HHESRT B, SysMLY —)L 0D H HHERRGE O A=
IZ & > THEDMBSEE T IVOREDH— X N TR0
B, ERATE H#HEE L TR O N2 BIENRIEEICE > T
LEHSWENDH 5. TDOIZDMBSET T IVOREEICH
ZRTcE 20—V E LT A 2GR ER L, THICE- T2
ETIVIERZ ATRE & 3 5 RETIEZIER T 5. A MG,
NEAEROZ S U DD, HEROSEEMHIEHEOEHICIAD
KXORF-LPEEECLICEML TV S HEEEL, KE
M2 Lz ENPE FHREZHEM E L, K3DXK S &bEE
g e Uz,

FRIF MR (ANorale ta)

Lyt Hierarchy ’W

~  Function
o B3 %= Refined by) || ogic ) e
higrarchical INfOIMation  L--«eesaeeeseeeaaeesIn
Value LY ", M T{atocate 1)
Approver B
Remarks M 3 systom
W, | mie
camiT + (De teature)
(Rfinle) : (Deteing )
v :
TestCase - e ] Parameter
o 0
tesen..s, [nierarchical Information
bJ.IIM'N‘
Approver
Approver
Remarks.

BTGy

Lv2Hisrarchy | [aqurement.

o

hierarchical information  §
Value

Approuee

Rermarks

FE 1T A~ 2{Refined by}

W
Refine) ;

.

Fig. 3 MBSE Meta Structure

EAZRBICW S TETIVOREFIEEITL— L

J—27 LN F—= g3 VIb—)VD2DTHERT 5.

« TL—LT—7 B UOHEINIHIRADH 5K
FRICEICTHRZ AN LTV &, A ZREICIH > T2 B2
M OBFRIENHBIICER TN, MBSEE T I/VOREED
T NS A. KAl —FlERT.

« NUTF—2 3 V)b—)b | FEEDFOBGRMEZHEZEL,
HFIFRRO DD LU CGEIT 2 A £ —
Bz Rd .

INHDOREFIEICK ST, RO LHLERDH—

7% & > 7=MBSEE T I)VOREERD AT HE & /x5 Tz

! 1 | i !1'!E!!.'i.'|;:-:nl.'i.'|It!:!ilui'.=i.'::',.=.':::§!

1

Fig. 4 Example of MBSE modeling Framework

Table 1 Example of MBSE Validation Rule

# Element VaridationRule

1 |Requirement |Requiement® Refine %iiTestCased Thalk

2 |Requirement |Requiement# Refine ¥ 5MiiLogic. TestCaseMHTH oL
3 |Requirement |Requirement (ZLogichVs satisfy 2N TLEHELHS

4 |Requirement |RequirementitLogich's Refine 2N TLSiEH S
5

6

7

TestCase TestCase® Refine kl3Requirement®d THHTE
TestCase TestCase® Refine FaMidRequirement. TestCased CHa L
Function Function# Refine 95E % HLTE

3. MBSE & 4R, Al DEHEIC K BERETHIEN

PERDIIZ BBEED R 2 X > b oG Z %0
I 278, FiE THELIMBSEET V24 AL L
HEEE. MRBRICHEDEETFEL LT, DIFNIRT 2D
D7 Tu—F THGEEZ T Tz,

—DHIENZ FILRAG (Retrieval-Augmented Generation)
EMENZFETHS. TOFETIE, MBSEET V2
YR TR D L, SXDZEENT FIVICERT 5. &%
AEDO 7Y HEKRICN T RV EL, W& OFLIEICHD
W R PED WO E R Z A FOHIP THMER - BUSd 5.
YR ERDFALIEIIE DN TR T A S 728, IV
DEEDRETHS.
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TOHWE T I TRAGEMIEIN S FIETH D, MRS
ZFLwI 7o T UTERHT S, EMOEKRZ /—F,
HEREOBGREEZT Yy VTEET AT Eic kb, FELE
DRICHED AT FVRAGE LEE LT, HHE OB R M
DR OBIR CTHREZEMEE DM LDV TE 5. K
W72 THESE L 7EMBSEE T IUIC BV TIE, A ZREE D HERT
ENBEICF LY VT T TINOERETo T K5I S
Z TRAGOKE K ZRY . Rt EWNEMZ1T5 &, ERAL
EEFIC B E R Z G T 272D 7 T 2 BB A4 K
L, 7Ly I TS5 TNRETS. FLyITIT7hBEL
NI EBMANBZIRE Ul BT, mEICERATD
HYRREZERT 5. 5B, 7T UERKOKER Lok
W, Bl E#EER 7)) Oty FEIT—2 & LTEY
&4 B Few-Shot LearningZ &ihg % /82— > T &I H i L
TW5.

Val GenAl g
Question Query
(Natural Language) I i R

Visual Information

&
o
s

Design
Engineer * MBSE
\ “
Answer @ Result to Query
(Matural Language)
GenAl

Fig. 5 Configuration of Knowledge Graph RAG

MR LR FILEOMRZREES 2 728, KEROREEH
LaRRE LEMEEZHREL (K2), 4D0HEM/IZ—
(A~D) T LICHIBREZFM LTz, Z DR Z K6l R
9. N7 FVRAGTIZ/SZ— VAL DWW T DA IEENEDS
Nz, R2—B, C, DTRIEFICES >z, —7,
75 TRAGTIEITRTD/INZ— (A, B, C, D) IZBW
TRaWIEERZRLUT.

Table 2 Question Pattern Classification
for Generative Al Response

Re== bt b=k
A EOEFZOERMT Y04 RE[CloT AL ?
B WIEOYTLATH, OOEMEROATHEERH TG
AR CORMRME b TREIATHIHLT

OOEmOAT AT B LIRS
PR ST A AR SR A ?
e-Axle 1 -wMNC BT b a2 EH
SR FAI3MERAC

c IS4 5 LN BRI

D FEEOSVE RO

100 — — R—

Correct answer rate [%]

Pattern A Pattern B Pattern C Pattern 1D
@ Approach 1: Vector RAG  © Approach 2: Graph RAG

Fig. 6 Generative Al Response Accuracy Evaluation Results

KR, 82 —=2DO XS HETIVOHBERZD TR L
I S WVEEE O K/ NDB R TG 8T A — 2 2 B
TZEBEeNMEREINT. EEOHMB LTV T TRAG
KB B EEEZ KRS, ZomRZFFITE, LYy
TS5 7M1/ — FOBEENY MV ZEHE U 74
MEENTN5.

(‘s )
e-Axle I "wh. BN RESZEEHNT L
RO 3N EHRT
@E

BB AR VERE 308,
I CHE ST B A b N HUES

. **'ﬁﬁk (SCOFE: CCC) .....
. ¥*ZAF (Score: cco)

W N =
*
*
3
§ &
_—
)]
(]
o
1]
o
o
o
R

SNHEOTERISGZEEOAINEREL (BIFHNE, )

Fig. 7 Practical Example of Q&A
in the Graph RAG Approach
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X7z, ERANC KB RIBERIR LT, RSN EH
FLwITITTEBIT ST LT, HHRKERROHRE
iR E L i, RIEMROMEENITREE 5%, T L
D75 Tk S EIEICHW S LTk L
1572 K81 /R T .

DL EOFERE D, A2FEMNEERERTH HMBSEE
TICE W T, 7 I T7RAGDFEEH WS T & THER
7z SRS IS TRIRICAT A % T E DR E Nz,

Example of extracting the top 3 most influential
requirements (including 5 items due to tied rankings)

and their related nodes Complete Knowledge Graph

Fig. 8 Example Visualization of
the Queried Knowledge Graph

4. MBSE £ 7 /VIBEIC K B ERDOMEL

1D &K 5 HEROITEIEMATICE L T80, Bk
NS RHFTIEROMERE, fRIT DO AT PREROBIL LI %
KEFHEDDDD WS NS - T, THUTH Uik
L ENIMBSEE 7T )V 2T %5 C & T, MBSE-MBD
R — )V Y UTefifbt & o — LU A i n e & 72 o
Tz, TOMEEIC KD RFFEOTHNER SN, IR TE
5155,

FFRIC, TOMBSE-MBDOHH#:2 /Nik IR ikG 7 a2
ANEH U TR EMHR Uz, A Y X Mt coft:
RIS THE U7 N 2 KIS RT .

a Design Engineer ]
Changed Anﬁlyseﬁ - IS)';::;drd
parameters (Then“al) -

[ MBSE-MBD Collaboration Tool ]
P e |
[ SysML model (Thermal Management) ]

Fig. 9 Example of applying MBSE-MBD collaboration

MBSE-MBDH#EIC X O 8XFE 1E AT SRMAERE & AR
HOEEZ B TE, RN ER 7208 U C 38 D RE Rk
MTEBT EDMRTE (X10).

BN

60%

40%

Required Time

20%

0%
Current MBSE-MBD collaboration

B Configuration of Input Condition
B Organization of Analysis Result

Study of Input Condition
B Analysis Execution

Fig. 10 Efficiency from MBSE-MBD collaboration
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MBSE/MBD:E# & £ BAILLM);ERIC K Be-Axles R 7 LR DI

5. £&®

AWZE T, FF o XY MEXDSENEHZMBSEE TV
ELUTHMEL, chZEiEHT S L TR (MBD)
ARRALC K 2 15 H O #Eb 217> 7. FRCARKALE
OEEEICBNTIX, N7 MILRAGE LT, FLvY
75 7MW 5 T T TRAGDENMN N/ REN. T57
RAGIC X D, ERSEN DT T IV OREE 7 S i U 72 1% i
HDATREIC 2% T & FERE LTz, F 7z, MBSET T UAEER
ZEUTCMBDE T % T & T, MNTEXBRL RN
WICRETES xRz,

S, BEERZ 5 < BRIEORHEBD 2 WER
E, BUR TR IEMEZRBIEDE S N WERNS Y 2 R
FZBfET. 51K, FEFENSOEMICEERIET S
T, BIEd 2 BRI EOeE 2 O AT R 2 )
AR L 72 0 IEM R A7 2 FHILIz 3575 L,
RETEDIREZMiTE - YikT %, X DEREBINR SR Y —)L
ANEHEZIETWL ., Fiz, MBDEHEY —ILOEER L,
BUR TR ATFIC K BEED K E N TV B 3HEIC & AL
O AFEPH AL, Rit 7o A2 AT 55 55%{t
ZIBIT 5.

FRRIICK, REFEORKZHRL, HENICNT

— ZGEE it L Ot 2 54T U CRESR Z IR L, RO
Ty aVERERTEDAIL—Y oY AT S
T ET, HEHENEK D ALEMGZEHBICEN T E S EREEOM
R HIET.

6. &3k

(1) WEslbs, JTS—3, ESREE, eRkER, BEARIE :
MBSE/MBD##; & 2 KAT (LLM) #EHIC & %e-Axle
AT LEFORHFR, 2025FHEFRE ANHEHE TR
(B, (MhHBEFHHEENZ, 20254, pp.1-4, FFifi
213 CHRl

QEHM, HEMEX: PV AIv g YHREICET
BYATLALYIZT Y VT DEA~MBSERHAN
DO HA~, Y a7 =7V E a—, No.l9,
p-19-28 (2020)

(3) Braxton VanGundy, Nipa Phojanamongkolkij, Ramana
Polavarapu, Barclay Brown, Joshua Bonner : Requirement
Discovery Using Embedded Knowledge Graph with
ChatGPT, 34th Annual INCOSE international symposium,
p-2011-2027 (2024)

(4) Aisté AleksandraviCiené, Aurelijus MorkevicCius :
MagicGrid® BOOK OF KNOWLEDGE A Practical Guide to
Systems Modeling using MagicGrid from Dassault Systémes
2nd edition, Lithuania, Vitae Litera, UAB, 2021, 350p
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BtrER S

k% BEHENERR D

fa] 253 Pl

nBERHDEFZDT V2L

Rt w Bl

ENE

HEHERED TV 2L « A= T 7 7 BV —Lic & 2 EBR3EOERITHIC U TR 2RI 5728, RERL
SRR E KBRS R E T NV 2@ S B TAIL— Y = Y PO AT LZFFE Ule. BT LIcY AT LIE, HIEREROHIERT L8

DOERT TV A Uiz,

1. £ADE

HENHEEETIET V20U - AX—F 7727 MU —{k
DD T & THRENRIENZURICER L THD, HtkT
LTINS O ZEBICTHEH L T T EDRATHS.
A H& TIXIATCO (Guangzhou) Automatic Transmission Ltd.{C
B3 HETEOWMOMAZIENT S, T DOE TIEHIEK
g, BHEN, BREH, BREER EZIICD T 5 %D
HY, FFEDFEKIIFITHEL, TNOEZIELL SHET 200
ENH 5. AW TR, BRILRAEK (RAG ! Retrieval-
Augmented Generation) & KBS FEET )L (LLM : Large
Language Model) ZflAGbE 725k E U, wiflle-
BUPRR 70 > T S it 5 & CHRERICE M TEE
B AT LML

1.1 R
1) LLM"

KEDT — X THAIEEH I N KHRAIET VT, £
PR SREILEE (BIER, M%) Z34T7TE%.
2) RAG™

LLMOD &K E xR L X 5728, BT — 2 RX—2Z
(HEERE, HANXES) HSBEEAGEEY 7V 2 A LT
@ﬁbﬁﬁ?%&ﬁ?%é
3) A HALUE (Hybrid Similarity)

RAGY AT LORMEHEFGIELE T, F+—Y— FELE L
&7Fwﬁﬁﬁ@%$ﬁ%@A%ﬁ@ 7T EEDT

c EROBAENTEAEZ/RY. HIZ0%5100%% T
T, BUEDENZ ERREH—BUENE .

4) F—T— FELE (Keyword Similarity)

RAGY AT LOMRKRFHEFERR T, 7TV &EXXFHDF—
U— FEEEICEDSFH—BEZ/RT. HIZ0%)5
100%E TT, BENENZEEF—T— RO—BUENEL.
5) N7 MVELLE  (Vector Similarity)

RAGY AT LOMEFHEIERLT, 71V &EXXHEDEHR
TENT MV O ERBEE 2R 9. l0%D) 5100%
FTT, BUEDEWIE EERO—FIENE .

2. FERUEZSA

2.1 EHOWE D7 HEIHER

AWFFETIE, N7 > — b E U THRIE S Nz @4
JE - B TRURER Y F U AR EY T, 2hudix, A
R, BN, TardoLa—T a7, BRESRES
DOATEHEDYF VA (Table 1) BEENTEL, WA
FNCTEH & N 500 5 EFEA OHMIGH X T, 2k
IR — AL TV 5

Bty 2l T LT, RAGEATHRRBRILY YV E
UCHRAL, SCENE LY MVPRRE Y S, @i
PR HERRZIMET %, [, LLMZSEETILY—
CADORME UTIHHL, Y ATLDAT k3 = iari
N O REZ 129 5.

*JGZIHIRE PR
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Table 1 Matrix of departments and works

Department

Production Engineering
Information System
Management
Finance
Legal Affairs
Purchasing
Manufacturing

RACI: | (Informed)
C (Consulted)

AT AT LNERAG E LLMOD i LEE « $L UL I3 LWL
HFEZRG - AL, B ) AORKNRENICK
LR ESH B, Fig UWTRT X921, 2AEMKIIRAGE
LLMDHHEIC X 5 AR - SaEl OmMEG 7 u— L5 %.

Reinforcement

Knowledge

Sence Control & Business
Parsing & Orchestration Generate &
Governance Layer Execute
Layer Layer

-
Vector Ml Graph chatbots
DBs DBs m—
.
-

Relational APls
3L [ APIs)

Figl Configuration of the system

2.2 pisnIE

ATLERE, RAGELLMZH ML T 5AIT—Y 2> by
AT LG, e, RFEa e it 25
WiETTHD. AVATLBPNRE T SHME, B
REDEH> TV AT, WH SR L% % CFHMDPDF,
Microsoft Word, Microsoft Excel™ &\ Vo 7 LR 7 + —
X Mcbh, Bl 7ot X Tid e TDHS
Z—R7ZWilz T T ENNHETH B.

R AT LOFLE TR, a4 ) A RHE
O7 7u—F (Fig. 2) ZHAL, SEHFOREICIL R
AR 22525t L7c. 97k b, GEOMEMNT, Eik
i & 7 HE R TR 2 b 5 & &8I, HIRkMR
RDT=D ORI SCE T +—<y MY, RS R
DR & BEMEEE RO TS D O VT > ORE & k%
%75 EEH ORI 7 T A2 RS L Tz

Knowledge | Information | Program| Translation Request and

retrieval |organization| coding

an . s
Interpretation| for approval | "€VIeW service kitting

o Contract | APPlication|  pc
submission proxy

Vector
DB

Relational
DB

Embedding

Chunking

Pre-process
Strategic Format Decompose and

Conversion Materialize

SOURCE FILES

Fig.2 Pre-process of RAG

2.2.1 BRI T 4 — <y P B

RAGY AT LITBWT, SCEMNT OB IZRERIRIC
BN 52 5. (EROFETE, TDT+—< v
N (RFICExcel 7 7 A )V) DXEZ BTS2 L, H4
7T TEKOM L) & TS IROER] Lo MED
FET D, ZOHAE, Excel7 7 ANV EINEICT —
7y — M REETEICHE D M R QUEICRTE L T
D, VIV OIFHIBRSD T — X OB EHE 2 U T &
. FEHROM AL & MBI DD DL AIEL T LIH
%. E5IT, ExcelDfEFTICIZZ K OHE, BREAUIHS
A7 ZVUNHWSEN, PDFETCEMLLTWAL AT Tk
IINTR IR BRARIC K % 2 ERBEALEE X ) = X LVRENL T
%728, BHIREROREERES T — 2 OB RZ RS
THIENNETH 5. BRI NI U2 R 2
e, RYATLTIE, £IEMCEEZR—MICPDFT 7
AIWCEHT BT e Uiz, PDRIE, LA 7D FDEEE
N, BENLZELTVWEDT, XHEDOTTDL AT M EE
RO Z2 /RS 5 L TEAMNTHS. Lich->T, i
I5Excel Y — AT 7 A )V BT 5 X O & RIS
Kigicm Ed 5.

¥ 1 Microsoft Word, Microsoft Excelld, K[EMicrosoft CorporationdD ¥ ExHA% T 9.
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222 AV T VY DEEDT & BER
CYRREEDT Y ZIALICBNT, HaRR & R

BWINEEELRY ) r—yayyF VA TH5. Wi

(ESCERNT & RO LA v — THAR 2 G35

DD, Excel 7 7 AIWICEENZEMILE, 75 THEOR

WHRIE T +—~<w MCBUKTH O, NG 0t

ATIELA7 Y DN, BEHRODHRH, TV TFARD

Wikl & o T2 RTEDFEAE L0900,
COMEOMRE L LT, UR2DOEE LT — XL

NH 5.

1) Excel 7 7 A ICHBF BT FAMER ()b, AV,
757 IN)VE) BN L THEETSEDTIERL,
ZONIE & FEAIRENEE R ZERN T > 7 F X b
ML TW5A. T T, ExcelZZE% H{EExtractorlc K D
HMUT, 7—ZX—A &N BT & & L7 (Table 2).
BB, TTIWRLELDIIBEANEETH D, FHE
DEHY TV AICBT 3582 EME TRV,

Table 2 Structured tokens of the text
[ Idx | File name | Sheet name |Element type| Location | Row | Contents | Result |

1 File 1 Sheet 1 Cell $A$1 1 Test 1
2 File 1 Sheet 1 Cell $AS1 2 Test 2
3 Filel  Sheet2  Shape  SMaPe 5 qegiq

name

2) AExtractorld, HEHZHICIS T, fiHi/ 2 —20%
ARIARZXR, XFDT )R VT ZHETE B
REZFRlz 8z, B2, LLMETGEHAT BB, BHaRkSE
ERIERA Y — RZHERT 5728, Hixs 104, [—],
B EOBRAEGZERIIGRNE T 5T EHARET
H5.

2237V NIV
Ny FRRONG L BB X2 AL, Tar Tz
BT %.

a7 b
1. Input format : {{Idx}F0S RS {IdX}FISC RS- (Idx
&A1 > T ADEEF)

2. Output format : {{ldx}ASZEHER}}; {{1dx}HSZEHERY, ...

ENCRES X

¥, cTCRLIETa Yy NNAE, Table 21D
WTERE NI BTH D, FEEOMEF TV A
B BHER TR,

FREDANC X B RIEDN SR 2RO T AT T 57
W, FFEBRER W \MOHNNCF2N) D2 FWT T{{ldx}
R} OFEMEE< Y FEES. TOWET, LLMO
INVY FR— g NS KB REEEREE g (B
CHEIRAM), {ARIBE 1Y (Adx AV ECE LA, {3HUAR3) (N
BHUEOFHN) %) ZYPSIICHET 5.

R, IEHEBIOOMERICHDE TS L EMGETE
RIS S, BRI, B E N EERRT O & ik
ZHE L, BE () BEEERT L) AR T2 EICE,
LLMIC U TR 7 857 U7z [ S O K ) 2 ST % (F
FITRED. chic kv, LLMO/YW S 2—¥ 3 vick 3
MEEA LR 0D RSB 7 a3k U, FROCHIH DRSS 72 PRAES 5.
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HEEDOA—H M E 7z kT 5 728, ARWFFETIEEIER
BAENRT = — XICEHHFEEIE A = AL 28 A LT
(Fig. 3). AV AT LISHREREZY 7V 2 A LTHREL,
AN Tz FHRE & 7 O IN T OREHEREREE 72 S 7 il
G LCLLMO 70 > 7 M &AL T & T, V—A
5 F—T— FORRZEE L, &cBT2HEO—
HMUZIRFET 5.

REME L7z 7 a7 N ELLMY 7 T A MM HIA R,
R EBHRRE 75 Elc @ LTI M D 2 iR 9 5.

Multi-scenario
T T T TTTN

{‘ Knowledge
i retrieval

Prompt
engineering

Structured
output

Glossary

Improve

\

i

- i
il Information [
il organization JI
i

i

i

i

i

i

i

Pre-process input Output! gur———

i review

Translation

7

Fig. 3 Prompt engineering

2.3 &I
2.3.1 717 )VLLMD S SEEiR"
WM—ETIVDINA T AEMRIRT B 728, KR T 2
77 JVLLMIC K % Wi 5 EIER & B B iR X -1 = X L 72 4%
L7z (Fig. 4). KT AT LIEIRXD THitHEEE ] #2587
U7ct%, HREO—8UE, a2 7F A MOIERENE, SiE0ON
NOERT LWV o T2 HoTHEICEDINT, 1HHEH I
Lbig « A7) V77TV, KA EN TR 2 HEI
WCHRAT %, UmEEIR A AL, Bix2ET7)V0
B2 IR R U, BERE OBEE Am L2528 Uz,

Agent A Agent B
Agent C

Final Output

Fig. 4 Optimal selection of dual LLM outputs
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2.3.2 BIRDBAEEILIE

AT E SICCEROEBGRRRE 2 Rk Uiz, —
7 B GEIRR Y — )L K 721X APT (Application Programming
Interface) TlE, JCOBEFDOHERMNL AT F 27T %
TEMEFENHETHS. F T TRHRBUIL S Nzl egy 7
Tt AEFETLie. 20a 7 ATy 7L EfiraE i L
OO TH%.
1) M SRR PR U T+ A & B OREE L

%9, Excel NOH AR i {7z —FEHliH L, OCR (Optical
Character Recognition) CTFA ATV EZDINT Y
TV TRy 7 AERE (A, B, C, D) Zili#d 5. Th
KK D, HmRERETFA N &R ZUMEEE T — 2
ZHL, BOEREEUHORREZHET 5 (Fig. 5).

Structuring of
text and coordinates

!

Coordinate refinement

Photo OCR recognition

Photo processing
text improvement

!

Overlaying of
text and photo

Text translation

Fig. 5 Use of position information in text OCR
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2) TF A MEEOERELFY Y T L—2 a3y

OCRDGEFEREICERANE L B LWV S FEICH L, &
W72 HEERER 7 VT AL E&et Uiz, [ 7))V
ATA B —] A=A LIzl T E 7 &)V B0 HEREYE
BEREEHTSELEEIC, VIV ALICEX>TTFARE
FROBNE (B - SCFE O EREYE, AT O G
ZHET B LT, miEROREER (A1, Bl, Cl,
D) ZHEL, IRXTF A MRy 7 AHEIGRE = &2
WC—ET B 2 RAET 5 (Fig. 6).

Coordinate refinement

1. Coordinates after OCR recognition: A, B, C, and D
0 0

Text

2. Refinement process: By moving the slide
pixel by pixel, the refined coordinates can be
determined, based on whether the text can
be recognized or not.

_ 2 =

Block the
left side

Block the

Text right side

3. Coordinates after refinement: Al, B1, C1, and D1

3. &R

2.2, 23 TRzl & B 2 RIFFEDAIL— =
YV E AT L (RAGELLMOHEE) ICHHAEDE S T & T,
EIEOEENREL M ET B xR L.

3.1 BB R

KoED T 7 A XD IEFUKIC BN TSE ZPDFICH—
LTS R &GS 2 728, N7 VKSR E W Tz iz
i Uiz (Table 3). F—7— RELUEIXE—7 TV R
T—HLTEHE, ThEF Y I7ONBICBITEF—T—
RO—EHANBENE CTH5DTH%. PDFF ¥ 7T K
Dy —ATRT MVERIEN K D &L, ZOHEHEMEZ
KO BIFICRFFCER T ENEILINTNS.

Table 3 Effect of file format conversion

Average Average Average
File Format Hybrid Keyword Vector
Similarity [%] | Similarity [%] | Similarity [%]
Excel 71.86 73.95 66.98
PDF 74.8 73.95 76.78

Block the
left side

: right side

Block the

AEEBRTIE, EHETO YT~ fEERIE Ty T R
Bl %2D0DOREMELLM AL LLM BOMERER LG L, %%
T—T CHEEERR DK U CHEEEE L Uz, Fig. 71
RT KD, HRBZMHDAT T & THGEH AR, LLMA
T32%h598%, LLM BT22%h 586%ICZNZhh L L,

Fig. 6 Refinement of text position

3) 7F A MR, VI A bR UHESEERK

RSB 2 UG LTt AV AT LG T F A b
WU CLLMIC K AR Z9479 5. HitCHF vV T L—
T a VEDOBRICHEDWT, BT 574 M TR L
YRV VT U ETrERICEREDYE, EinE s BRR
BOEKEEZTRLZE 7T 5.

FE65%D KiEEdGEN R 5Nz,

Terminology usage before and after terminology injection

32%

LLM

| R |

98%

86%

22%

A

Before injection

LLM B

92%

27%

Average

[l After injection

Fig. 7 Terminology injection effect



AllC & 2 BEIERMELE

SHDEFDTIZIUE

3.2 B R

Al—7F—&tv MRt L, 220875 LM TERNIC
R I U7z As R, AR 28BN E TS T & iR
7z, BH—LLMOFRIEE X TH96%TH 50, 2DDLLM
DOFHR 7 L2 W % 55 = OLLMIC K 5 i e 3 b 7
BATZCT LT, EROBREEZIT%ICH EEEZT L
MufREL x> 7. TORER, HEBOLLMIC X 2 i A 7
Z AL X BTN E DN ENFIINEETH S T & R
T 5.

ﬁ@ﬁ%ﬁm@wﬁbfdlﬁs‘W?ﬁé$lﬁ
5 HAGENORERIC BT, R LI X 0 BEM
HREL A ELTWB T EWNgh 5.

fEegisieg
1. String_Mask.py Q9E884 =0
o BN TextlinePreciser, WRFSTHEEEM
o TIEFUHECLAI TR R
o delih 3 LRI BX
o WHET TS E0thRE, SRS OEN RS

[ £ 0 ERITENY S {0 BT U 0t

EEARAETEE

BERRRAERELL

. ARSMESRELL . o FOMPREHOS & MIF

Fig. 8 Coordinate precision effect

RIBICHAFIC B 2 EAMCEO KERRZE LT,
VLU TR AR PRV — b 2 EEEL, T a7V
umeéﬁwm@+ﬁ%ﬁm(mm)+%ﬁmﬂ@+

fh RN ) ORGHISZERH L, 57 A b ORER,
N A @ﬁ&k%wé—ﬁﬁbk%kﬁib XEDOH
EEENNRMNARE T NS LRIFFC, BIRROMRAEIME
MNP ICUEE I NIz, REROER ot AR, BHERIC
M ZEETEE RIFICHIRE Nz, FRCHEENTF A O
FIRRICB W TIE, BTN & W - 2 REROFREM R RIS
fE S A, BAE RO EfER mE & HA I B R m i E s
FIERECRZ ZEMIC Rt TE S X5 Ik o Tz,

FROFHEOEHAIC KD, AT AT LI HE) R,
ERAEDZIIT DT 5 FAEEFICB T TREE L & %)
Rl O fTEERK LTz

4. ER

AR AT LORIETE S NI IE, RAGELLMD
WA= AL X > TEREHEINTWS., BRI,
RAGHINES T — Z R —Z 5 ARESL N AR Z ) 7V &
A LR LRSS & T, LLMONLVY 32— 9 v
2L, BIRRIC I 2 HEEO—H SRR EORE ~
M X FRC, HEBREEKICHB WV TIFRAGIC X

B R HER Y a—)Uh, RERO FEIRRERIC AT KRIE
R E R EB L. DX SIS, HIFRMERREIZAL
AT LOXEFSTE A & WIRRS 72 1N & B RN 7R S
Z e300, Al & Z DA ORI A RIZERT
H%.

ZLT, ity T7 4w 7 F ¥ 2F 7 (Semantic
Chunking) [FRAGODERAIKE %2 W] & & 5 i EIK T dH
%. FER EFEO—DE LT, ExclDBIIR 71t Xic
B % Shape AR DN NAH P EBERICTENLSN
KO E & TF— 2O OREL Y Ta—FiF, it
DI 7 AWVERICEB T BT 0wy « Fv T
HICH 237 AT 7 2R EL T 5.

AW DKIIE, RAGIC X 2 HIFRMERAES L LLMIC X
SRBLEERE I DR TIVAY, HENHEER M ELEE O 2
IZ DT B FBEFBITH L TE Vs LRI 1256
IRZFHIETZH 2T L. TOETIVIE, EHERZ
B O HEME & SR RREZ W73 B RR 2 Rt L, B
BHEEDAR— 7 77 Y —(LIC B B AT O
RticH7afimz 52 %.

6. LoD

AL T, RAGELLMZ S8 /ZAIT—T 2 > b
VAT LT KB EBHIKOEST Y 2k - TEE 5
BL7. Hhic B 3 A OTE G HHEMICE S N
9, EFEBUGICB O TR IARRIC, E{GLEE & R 72
MU T L ERE oA AEEICE D fHA TV 2
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AIL—Y 1V bV AT LOVEMBERARRZMEE LTz &
T A, Table /RS K D1C, BN « AR (7220, HIFK
Mgk G81KEHED 72 E8DDEEWRT T U Al BT % LRI

BREL, FMERGET1,83 7R O TEHIkZ 2 L 7z,

Table 4 Labor hour reduction effect

Core business scenarios Reduction in man-hours (h)

Translation and interpretation 722
Knowledge retrieval 381
Application proxy service/PC kitting 243

Contract review/request and

s 240
submission for approval

Program coding 231

Information organization 20

SHBOMEL LTE, UFRD4EERTS.

) RWFZE ORI « BT —F 7 7 F v I DWVT, &K
DZ L DEHKYF V) ANOEZ B ILHZRETT 5.

2) BEY 2 — VO ITEENE & B E O FE K Z L
X%.

3) LLMOEFE RIS, FERE T —F 7 7 F v L 230K
W8 DFEE 1T S .

HEEICHZHIEL, FBERITIITOT VARV N, &
WmElaH, AEW, RETHIA YT T UAT VAR
Vb, WERRETT VAR NEFEOO— )V T —Y
[T %.
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Table 1 Specifications of JFO21E

Torque capacity 100 Nm
Torque converter size 185 mm
Pulley ratios 2.411-0.404
Aucxiliary transmission gear ratios Fwd 1.000
Rev 1.000
Ratio coverage 6.0
Final gear ratio 7.319
Selector position P,R,N,D, L
Overall length 356 mm
Weight (wet) 60.6 kg
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LTW5.

Table 1 Specifications of JFO23E

Torque capacity 280 Nm
Torque converter size 230 mm
Pulley ratios 2.805-0.357
Ratio coverage 7.9
Reverse gear ratio 0.745
Final gear ratio 5.034
Selector positions P,R,N,D,B
Overall length 379.9 mm
Weight (wet) 94.6 kg

Fig. 1 Main cross-sectional view
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Table 1 Specifications of JFO16E

Fig. 1 Main cross-sectional view

Torque capacity 250 Nm

Torque converter size 236 mm

Pulley ratios 2.631-0.378

Ratio coverage 7.0

Reverse gear ratio 0.745

Final gear ratio 6.386

Selector positions P, R, N, D, L+Ds-SW
Overall length 372.2 mm

Weight (wet) 93.2 kg
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