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In recent years, the application of ultra-high sgjth steel sheets to automobile components incsfaseéhe
improvements of the crash safety and weight rednctin cold stamping of ultra-high strength stdebeds,
high forming load, large springback, small formaypiland large die wear are problematic. The higadlo

requires the increases in press capability, andnitrease in springback induces deterioration tmpmnent

vJ

shapes. To solve these problems, hot stamping efaiiable steel sheets is effective. Hot stamping i
process for producing ultra-high strength steelpoments by heating, forming and die quenchingotming
at high temperatures, the forming force is low, sehs the strength for formed components is highthad

springback is small due to martensitic transfororatiaused by rapid cooling with dies.

In this study, press forming and joining in hotnspéng processes of ultra-high strength steel coraptswere
investigated to manufacture of high strength, weaid cost reduced components for automotiveChapter

1, the general introduction for overall contentshi$ thesis was shown.

In chapter 2, the formability in hot stamping wasgproved by partial cooling of a heated sheet dutirg
transfer from a furnace to dies. By using a trand&vice for reducing the temperature of portiondargoing
large deformation during forming, the flow stredsttiese portions is increased, and thus the detavmés
relieved. The cooling pressure and the contactifdjhwior the transfer device were changed to cortre
temperature distribution in the sheet. By decrepdite sheet temperature by 250 °C, the flow stiesy
increased by 300 MPa, and the depth of the W-beedtss increased by 26.1%.

In Chapter 3, the quenchability for a 270 MPa ngitdel sheet was examined for the use of tailor eceld
blanks, because the conventional non-quenchald¢ stteets are expensive. The quenched mild steet sh
had almost the same ductility as the conventionalgquenchable steel sheet, and thus the matestd can

be reduced by the replacement.

In Chapter 4, main and patch blanks which are s#glgrheated were mechanically joined during Hot

stamping. In heating of resistance spot weldedhpaidk blanks, the temperature becomes non-unifarentd




thick and thin portions, and thus the intermetdbigers are incompletely formed. In forming of gatork
blanks, the thickness decreases around the edggobfvelding. The main and patch blanks were ssbags
joined by creating interlocks around both edgethefpatch blank.

In Chapter 5, a mechanical joining process of aaoar nut to a hard hot-stamped steel sheet wadopedt
because the resistance projection welding genauaéy for joining of bolts and nuts with hot-stachheets
has low joinability. In this process, a slightly altar hole than a bar and nut was made in the stilethe bar
and nut having a small round or chamfer at theohottorner, and then the bar and nut were insentedtie
hole. The punched hole was ironed with the barraridiuring the insertion, and thus the joint stthrigecame
high. No pre-punching is required for the sheeterghs higher strength than that for the sheetdsssary for
the bar and nut. For the bar and nut having a saofid.0 mm at the bottom corner, the ironed serfaas the

largest, and thus the maximum joint strength wdainéd.

In Chapter 6, a mechanical joining process of artapt and bolt to ultra-high strength steel slhggtunching
was developed. In this process, the sheet is pdneitk the taper nut and bolt, and the nut and &@tjoined
by ironing and expanding the punched hole. The uppdaces of the nut and sheet are aligned byatng

the stroke in order to attach other parts. No pnecping is required for the sheet, whereas highength than
the sheets is necessary for the nut and bolt.Heodie-quenched steel sheet having about 1500 NEssile
strength, the joint strength was about two timeghéi than that specified in the Japanese InduStaidard
of the weld nut. For the sheets above 780 MPannilte strength and above 1.6 mm in thickness, Gaift

joint strength was obtained.

In Chapter 7, the conclusions and future worksjaren.
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THARB 72 BRB AL T & D HERIERR (L OBL I IZ @) T, IR AD—>TH D bz
F(CO)DHEHMHIAHEA TV D, HEhE e & ORI 5 6 5 PR BEOFIS IZ 2R DK
20 W& 5O TH V[, EUIZBWTIEIERAED COHEHE% 20214(21% 95 g/kmbLl FiZd
572 EEWGHIENRE STV AH[2]. BEMECRRENEM 2 SO F LB RO & &
HIZ, HEmEEORBIIRE 2 UGET 2R FETH Y, 100 kgDEE#E(KIZ X > TRE D
) lkm/Lm B35 [3]. L2 L7edd HEFZEZ MR O i b0 fm 22 o Kb, K 0 7
RARIEE O &, B E BN A6 Th 0 BE(LITA S T,

HEh B LZ OERLRMEROBL I L > TREOZEENRESH, HBIHET A AL K
HERE[4] 72 & TITON D Bl 2 & OFEERBR O RITHEEHEICAR S TS, L 2aerk
(NP R B 720, TR LEMERED M RIT B B E A — 7 — T > TEEZRHIE
BTod 5. EIZRVERE A O BRE# 0O B &L — XAV 72 P AL HL Ty 350 — 400 kgk HLigHY
REWTD, ERZEMERL M ESERD 0 ERFEEMICRT L TOREELEITE .
H B B O BRI ORTE, IRV IESN DY, 2 A FOBLEN O HREE TIEZD
E & A ST BIESN TR Y5, BRMEEDHL ST X FOEINLET V=T L,
R BAMETRALIIG 72 E~OMEHEH I —H 2RV TH E VA TVRY. 2D mME,
WAL Z T D FEBE LT, IR IE D RE L OIZ MR 2 mis A L L TIRIE &2/ &
KTDHENPETHY, MEMIZIZI T D EmERC, T mmE kD7 dDR v
FNAZ BT OBAPITERIE LTINS,
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Tl 1180 MPafk = T EMAL I TE72[8]. L L7l s, SRTREOBIMCED, i
TESLAT Y 7Ny 7 PR T 5 DR 53[9,10], APEICEM SN 5eMo T EFGEm b
B 725, Fio, HIROIEMHEDOIE FIZL Y BIBITEE L < 720 [11], "R ~OHIFKI K &
V. FRIS, SRR OE S L E DXL D EITENT D EERE O TRZ EME O T IR & 72 i
BECTHY, 2D EIHIT 2 HMBE HITHh T DA, WRIRIZIC I T 2 MR LI
SRILERINC L EE - T D, 2o, BEFEME S TV % 1500 MPafk D H A& #IA 13,
ZOFE N EPFREZ NS Dy PAZ B 7 TRIES LTV S.

113. "y NRZ BT

Wy FAZ L TIIEEMIE TR, $ik 2B, ST LR TH Y, bl
58 S 1500 MPaD i R FE FiAS & LEIRO A 5 ICBRLE T E S 720, A TE 238 LT
W5, ARy bRE S TER O BB R R~ 0@ G % Fig. 1.1 T

Bumper beam

Fig. 1.1. Application of hot-stamped componentautomotive.
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Low forming load 1500 MPa, ultra-high
Temperature distribution, strength component

22MnB5 steel, 900 T ’

N
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(a) Blanks (b) Heating (c) Forming (d) Die quenching

D

(A) Hot stamping process

Insufficient weldability
Laser Electrode_| Melting portion,

v E low joining force
{F‘: >

(e) Trimming (f) Welding N
(B) Post process
Fig. 1.2. Procedure for hot stamping of ultra-héffength steel components.
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Stroke

Fracture
A A Flow stress: contact
8 2] ‘\ ~
2l 3 Temp.: non-contact
e = \ S - - <
Non-contact,| | 2
y high temp. g g Flow stress: non-contact
Uniformly [:> ’ 2=
heated sheet ' -
Contact, ==
i ! low temp. ARt Temp.: contact
Die ’ Stroke
|
|
(a) Temperature distribution during forming (b) Temperature, flow stress-stroke curves

Fig. 1.3. Temperature distribution and plastic defation in hot stamping.
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Laser
Non- harder%
steel

Blanks Welding Heating Forming Component

Fig. 1.4. B pillar made of tailor-welded blank.
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Main blank  Patch

welding

Blank Stamped part
(a) Patchwork process (b) B pillar made of patchwork blank

Fig. 1.5. B pillar made of patchwork blank.
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Hot stamping
Heating Forming Laser
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(a) Conventional process

Hot stamping

Heatin Forming
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: YY¥YT) =T L LI . No spot welding

Spot welding o additional dies, forming,

(b) Patchwork process

Fig. 1.6. Comparison of conventional and patchwarkstamping processes
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Nut
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Electrode

(a) Projection welding (b) Welded nut

Fig. 1.7. Application of projection welding for amotive components.
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Fig. 1.8. Issues of forming and welding processesutomotive components using hot stamping.
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Fig. 1.9. Study of forming processes for high gjtbrarea.
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Fig. 1.10. Study of joining processes for highrsgté area.
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I
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|
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Fig. 2.1.Non-uniform temperature distribution of sheet dgriarming.
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(a) Tensile specimen (b) Flow stress-strain curves

Fig. 2.2.Flow stress-strain curves of 22MnB5 resistancedtkat different temperatures.
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HESEDLFEEZEBR L. M7 7 o PIZBWTERER N mEICER T 5720, il z mA
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2.3, #if A 910 "CITMBA LIFN T 120 sfrir L7z b, ks T,=3, 7, 15 sD
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Blank Transfer device
\ Edge cooling portion %
Heating Removing Transfer Forming and die queng

Fig. 2.3.Stretch flanging using edge cooling.
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Fig. 2.4.Schematic of experimental equipment and edge apaliea.
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(a) Transfer (b) Forming and die quenching (c) After forming

Fig. 2.5.Schematic of dies and forming process.
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WHOM % Fig. 2.6l . IRESMIZY—E T 7 4 THIE LIS R4 SRR TR L,
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Fig. 2.6.Effect of edge cooling on sheet temperature and §iess just before forming.

Wm0 &7 L CHIE LT ON T 7 o oML & Fig. 2,702 3. #adt i
HMmAIZR L TIE T 7 o PR REA R E SHRIEHD L7, mfimAl 21T >72 =3, 7sD%
TIPS ORER A Z il TE Tnd. L, Ti=15sTIE T 7 o VHREOEHE T
RERAD B R TN D

18



Cooling

.\ Front view Top view
condition

Without

edge cooling Blank
Top view

Formed sheet

T,=15s

-~
I

2
7]

Fig. 2.7.Effect of edge cooling on stretch flange.
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Fig. 2.8.Effect of edge cooling on thickness reduction oétsh flange.
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Fig. 2.9.Effect of edge cooling on hardness of stretch féang

2.5. Wk RS A F e W O RE 71k

HEF X HAD 7 E— LR RIREMICHW S ORI TH Y, BIERAEZ LT
TEIRZRS § 5 2 & THafRE 2 T & 5. i AN K 0 sigtEnsm B Lc7z 6, W il
FITBNWTEELET T L5 E O /Em A 2 DN THRIZPRA 2 ESE 5. #Et )R
HEENZ 7= W O R 715 % Fig. 2.10127779°. 250X 35X 1.6 mm® Al-Si k> b A ¥
VB TR A 910 "CIZMEA L THNT 120 sfRFF L 72D L, R HIN T 2 ikin B x
AW TSR] Ty = 7 sTIRE LIRE 21T o7, RmAR L CTRIBLIZ X, 77070
DN D 13 mmAHITICHED 233842 L7728, RESEENE T 7 > 7 i)y 15 mm
&L, WAL p B LOEEMIE WA Z (LS 7. IREOMEIZS50CTHY, RXUF R R
— 7 AL S TR 2 i~ T

20



Blankholder, Cooling area,
Punch

thinning zone

W=10, 15,20 mm
E p=0.6,1.3, Cooling ~ >2KN
2.3 MPa

(a) Furnace / A
Q’ \\ Heated o
’ ,* sheet E> ©
e (]
’ 1 ‘ Dies
S =l |

Transfer time: 7 s 15 Q‘g 6

(b) Transfer device ~ (c) Cooling condition (d) W-bending

Fig. 2.10. Procedure for W-bending using partiallicm.

2.6. JRERmEIZE VT2 Wl o pRE RS 5
2.6.1. MHEDRIGIRIUT KIF T 5%

RORS s = 23 mmIZBIT L MEPREGEIS Y L2 LTHIE L W T o5 8%
Fig. 2.1UR 9. mERm AR L CIEMBER RETHRIES A L, KRB AL, p=2.3
MPa, W= 10 mm® JSiim Az A5 2 & CRIER, < G & -,

(a) W-bent sheet (b) Without cooling (c)p=2.3 MPa, W =10 mm

Fig. 2.11. W-bent sheets without and with part@lmg fors =23 mm.
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Fig. 2.12. Temperature distributions just beforadieg for different cooling pressures féf = 10

mm.
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Fig. 2.13. Flow stress distributions just beforediag for different cooling pressures fé&/f = 10

mm.
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Fig. 2.14. Thickness reduction of W-bent sheetslitierent cooling pressures fe= 23 mm and
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Fig. 2.15. Effect of cooling pressure on formingitifor W= 10 mm.
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Fig. 2.16. Temperature distributions just beforeddeg for different contacting widths.
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Fig. 2.17. Flow stress distributions just beforadiag for different contacting widths.
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Fig. 2.18. Thickness reduction of W-bent sheetdlitberent contacting widths fa= 23 mm.
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Fig. 2.19. Effect of contacting width on formingni.
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3.1 &

HEh#Eo B 7 —TiE, LA mBE TEREZMEIT 207, FTIEEEZ Rkx LT
B S RBOBMETRLX —2WMINISE LT — T — REMEE R o To M B EEND. Ry
NAZ BT TIZOX D REEES D701, 22MnBS SR 2 5 /0 IS INER U, & i
T EA—AT A MESEDFEPRES N TN D[27]. #1350 53 BT EE 2 il L
3 < [54], Ebner[55]3# iR DIEE % 725 °CE 950 "CIZyif THEZEAED H L=,
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A RDSHANL, ERESRMEHEMECT R D,

FEBEAIVEM & BEAVERIR S IS CHER ST — T — K7 70 7 &< ER ST
% . Munereab [33]1FFEREAILEMM I Ductibor 2 W27 —F — K757 0nH5BET—%
S U AORrE 2 TRA L TR Y, 1R DMBF &M 2 JHW TR 216 T & 2 R FIED
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3.2. AR D H R ENZ I 1T D AL ek

BA T T FHROBGOMBHRREL, A4 7 = FEATOMBIREBIZ L 2345, 2
T OB Z ML TA—AT F A M LIZREED D, bl L TERZEGR S L &
DT x=TFA4 5, N—=T A MEBIREZHFHAE L. BEAN SRV TEIEMZ 15D 720 OHik
& LT, Ductibor® X 5 e — AU W BTV B IEREAIEMK &, i~ L 2 H#i ¢ H
% 270 MPa 440 MPafk O BB EIESAR & FV 7=, £ 72, BEAN S CasiE b3 2 S
Al-Si o % 22MnB5 Sl T, SIROE ZIZAT 1.6 mmTh o7z, KK O(LFRy %
Table 3.UZ/~d. BVEXF A (1T 723U E 25 mm AR & 50 mmo 5| 5ERER i %, 910
°C, 330 sTEXWFICISTMALA—AT F A MIERI %, FroI UFIRAS
FCHRBAILT-.

Table 3.1. Chemical composition steel sheets used for experiment.

Chemical composition / wt%
Steel
C Mn B Si
Non-hardened steel 0.064 0.75 0.0003 0.191
High ductility 270 MPa 0.05 0.22 — 0.01
440 MPa 0.17 0.68 — 0.01
High strength 22MnB5 0.21 1.22 0.003 0.26

AT O & B ARG EI L= E R % Fig. 3.1ICRT. Ry hAZ B 7T, &7
(% SN D E TIHERBHENC R > THHEEAES , ZORETT =51 NEIET D L %
DEIZAH L THE~/LT A NI L RWTIEED M L4, BRlEEZA U H EREL T
REKTNNEL 252, ZOREERERE LTZ. 270 MPa JEBEALLHIIR, 440 MPa
22MnB5 DIECARRIRE MK T L TR Y, £h<h 810 760 660, 610 CTH o7z, 7 —
77— N7 7 Tl 22MnB5 Hiti & R iR EE IS T 5 728, 610 "CHRIEIZ I 1T 2 FIRIEE Th
%.
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Fig. 3.1. Phase transformations of steel sheetaglair cooling.

3.3. XA U =T BHAAIRE DS BHRREIC KT TR

Fig. 3.1 HARMEID R T2 AN K - T 20 SR AIAALTH A 7 = F E21TW,
Z D% FEIR THIRABRZ 1T > THERIBORREZTRA L7z, XA 7 = FBIRE X 550 "C»
5 850 °CET50°CI &Iz bsHTz.

FHEHNNI51T D 7 A 7 = FRIGREE A 58 S I KIETREE Fig. 3.210R-7. 22
T, Tqld& A 7 = FRMIEE TH Y, HFHHIROZERERITREI TR L. 22MnB5 $ifi i3
650 °C 440 MPa@#itiki% 700 "CTEZ N mFRE T/ > THREANL SN, ERERDHTE THIE
R AL L7z, 270 MPa FEBEAFUBBI LW T AL OIRE T H B IRM I MK, w7 v
A FEREIZE T TW70.

BRI 2 XA 7 = U FRIERE DRI KT T HE L Fig. 3.3 7. @R~ b
BA 2o F 4T H L ERE MR LT 523, 270 MPaks X OFERE AT iR I3
WTHRERMMRZRL TS, 72720, FEFEANSNIEL 850 "COEiRIZI UV TR DMK
TL7=.

29



Tensile strength /MPa

22MnB5

440 MPa

Non-hardened steel
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| | | |
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Temperature just before die quenchTrglg°C

Fig. 3.2. Effect of die quenching temperature arsile strength.
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Fig. 3.3. Effect of die quenching temperature mngation.
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7. BREHEF TEXA 7 FIRENMETT 5L, 440 MPa 22MnB5§ifkiZ 7 = 1 I, X

— T4 MHEEZ 72072,

20 um
—
Before After
transformation transformation
Non-hardened
steel

270 MPa

440 MPa

22MnB5

Fig. 3.4. Microstructures of die-quenched steeleshdefore and after transformation during air

cooling.
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BRI 2 N B8: T — 7 — REM O X A 7 = FEFETOMED, S5IRM S LMo &
X7 5% Table 3.2 3.3IZENEIURT. 7T — 7 — RSN EMITENZE O8N F Tl
JEETE ST, Fl—DEMKHRERTEA 7= FINDT2D, LERMEREZ 15
512 DIZEDHEFAITOMBOMENEE TH 5. 22MnBSHIILEBEIZT 5 72d A —RATF
A METOEA 7 2 FRLETHY, SIEMED 440 MPallitiiz 7 = F A b XA 2
TUFTLMENRDD. —J5T, 270 MPal JEFEANHINRIT & D & O T b mEM2 155
5. 22MnB5 EfiflIEE VY C, Mn OEHENBEANVEEZ R ESE, 72T 4 MEILETO
REI ML OB L 0 HEN A T=DIZT — T — FEHERERT <R 5.

Table 3.2. Effect of microstructures just before guenching on tensile strength.

Microstructure Tensile strength /MPa
just before Non-hardened
Austenite High Middle Low Low
= 1500 <1000 < 600 < 600
Ferrite Low Low Low Low
< 600 < 600 < 600 < 600

Table 3.3. Effect of microstructures just before guenching on elongation.

Microstructure Elongation /%
just before -
die quenching| 22MnB5 440 MPa 270 MPa | NON S':Z‘Sl'e”ed
. Low Low High High
Austenite <10 <10 -0 > 50
: Middle High High High
Ferrite <15 > 20 -0 > 50
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3.4. HREHROEHET —F—RT T 7 DRy hAZ L E v 754t

22MnB5 ik & FEBE A NS, 270 MPa 440 MPadlitk > 3 FESEOHR % L — W — L
7707 %Ry NAZ Y7 Lle, ERTER XTOGM4L Fig. 351277, #iltk ORE
FETLemMMThHoT-. BT —F7— F7 727 % 910 °C 330 sTHIZA L, #k s t =5,
15 sTEHRITE Ty NHTRBR AT o7z, BETITONTWASAR Yy RRAZ U7X
AREIIZHF 2N B HLD LT 5~15 sFRE DOk R TAE SN TWD . FAERIE o kmilz
1T 9 T2 IRFFZ 20 s & L7z, Ny FIlIITEOE ML L — =80 b OFIFITA Uiede

7.

Transfer,
t=5,15s

High strength

@ E>
Heating Die quenching, Hot stamped parts
910 °C, 330s holding time: 20 s

High ductility

(a) Procedure for hot stamping using tailor-welded blank

Laser welding
200

o

High strengy

High ductility

200

100

230

(b) Tailor-welded blank (c) Dies

Fig. 3.5. Schematic of hot stamping using tailotded blanks.
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W7 —7— N7 77128 5 3O EIEMEHR O mAE# % Fig. 3.612~"7.t=5s
TIX R TCOHMKNERERNCE A 7 = F IN7=0, 15sTiX 270 MPa FEBE ALEAMR T RE
BICEA I FEND.

100 High strength
. 900 Sh?rtest E/Thermocouple
=~ Normal : s
() }
S soo- i : High ductility
S | 270 MPa A phase
g. 700 i transformation
@ | |
600~ | !
i i Non-hardened steé
| | | | | | | | |
5000 5 10 15 20 25 30 35 40 45 50

Air cooling time from furnace /s

Fig. 3.6. Air cooling curves of high ductility stesheets for tailor-welded blanks.

35. BT —F— RT3 7 DRy hAZ B THER
ZEinREf] t =5, 15 siZB T D BT RO R FTH MO E >y A — A S 4340 % Fig. 3.7127%
9. @R 22MnBS SiHR XV T IL D ZE M R T H K 500 HV &+t AL ST\ 5.

600 I
I
R
E 400 Non-hardened
E B steel
_qg) 300 High strength 440 MPa
= 2000
100 : 270 MPa
I High ductillity |
0 50 100 150 200

Distance from edge x /mm
Fig. 3.7. Hardness distributions'in bent sheets 06, 15 s.
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EFEMEERORE XX t = 15 sicB W T T OHIH T 200 HV LL F Off £

SIZHVNT 440 MPaSfIfi 3 28 BERIT

272> TWAMNR, t=5

XA T TFINDHTOEINRKEN-72. 440 MPaif

WDO7 2T A NEWEFfF-THEA 7 =TT 5HE 22MnB5 D3E T8I 72 H 7RV ATREMEN &

2.

2SRt =5 15sic

TANE—RAZEY B L TRHM L 7.

Bl D IEIES O ON% Fig. 3.812~7. @58, SEEESN D

EHEVEERRUNT 270 MPadifif X FEBE AFLEM & 131X

A5 DFEM: 2R L7228, 440 MPadlilfi I ZAEME 2 M.
45 ) |
20— High strength | Non-hardened steel
35—
S 30— High ductility
o 10
= 25— 440 MPa
2 20—
= |
15— :
| @®:/=5s
10— : Or=15s
5 | | |
0 50 100 150

Distance from edge x /mm

200

Fig. 3.8. Elongation distributions in bent sheetsf&= 5, 15s.

t=5 15 siZB T % B OIRASHLRE 2 Fig. 3.9 3.10ICFNFART. @RIz OV

TIFETYALT YA PPERSNTEY, +RRBEIPELNLTHD. ST 440

MPadlilfiidt =15 sTH < /LT A F2—EBITFRAF L TRV i S 23 m - 7273, 270 MPa

FEBEANHIUZ DWW TILt=515sD EL L DZERFFH TH~ /LT A FOARKRN < &

VEMEZ TR LTS FEBEANEIAR T t = 5 s & ik 2 ik L7z
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20 um
—

High ductility Welding High strength
- ‘.‘ 3‘.. "’ "f,—‘«*?" : ¢ | B z

Non-hardened
steel
+
22MnB5

270 MPa
+
22MnB5

440 MPa
+
22MnB5

Fig. 3.9. Microstructures of bent sheets usingtaitelded blank fot =5 s.

20 um
—

High ductility Welding High strength

Non-hardened
steel
+
22MnB5

270MPa
+
22MnBS5

440MPa
+
22MnBS5

Fig. 3.10. Microstructures of bent sheets usingitavelded blank fot = 15 s.
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36. fis

F—F— KT T U 7 I RN STV B FEBEA NSRS TH 5 720, 2z
B o8RO REMEZ A L, LLTOMREE.

1) 270 MPaBlfi T —f AT S TV D IRBEANSRR & 13 & A ERI UREA R L TR Y,

FEBEE AR DRI/ 5.

2) 440 MPafiiti 1% 7 = 7 A N ZERE DRI THEHRFEDZE L L, 22MnB5#fl#i 73+ 57 12 < 72

2 22 RE ] CURIE M DMV .

3) 22MnB5#iltk TiX, BEAIVENE L 7 =T A FOFBPEN DL T2, ZEmiFHEZfET 5

ZETT—I—FRENELND.

FEBEAAS DR E LT 270 MPaiiti & -l 5 Z & THE = 2 RAMEIRCE ., S5
ANFNRRGIZRDZ ETHMICB T DEET —T — N7 7 0 7 ORENR R E D 2 &
5, KI5%DEHE = A MEAFREE 72D, £72, MR TH A 7 = F T 5 & 270 MPadiitk
XFEBEAFLERR & 0 BENTHOE R L T, EIEESMLEZRERALIC 270 MPagiiii
AWy TFEMERTL2ZLI2K-T, EHITHUORRE SHRRHZOB LIZSW B ¥
TR ENRNETE DR D D .
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BARE NRyFU—IHMORREEGRY hAZ VS
41. #=5
HMIREE 2 H NI RE LS LTEWGE, Ny F U= 7T 0 7 Wiehy hAZ BV
TN THD. 7707 ODRETRHIRIC NNy TFE2H LN UD ARy MBS 52 LT, i
50 OGN ARE THEBEB ORI b 72 < SRR M A ETE D, L LRRs,
BN CEE BN R 7T 7 0L T7c, B)—RMMENRHE L 25, TAIHo &

iy

UNTINBA SN D Z & TS L2 5 BOAeIl7e 5[60,61]03, H 0 HICHRIED 7 % /X

Y F =TT 7 TEREREBITLOE0T V. £, B &Ny FREESG SRET
I X205 721 IR T O F5 L CEIILRL L33 Lo < 72 5[62,63) AR
v NABEONLE & BTG & MR ISR & R B A 5 2 5720[64], BFHRFICIXREM72
REIPMLETH D, ZHUBIEEICHIRE Ny FORBITIEKIEL, FHIZERE Y &3y FOR
JEMREL 0 LRENHEL <R D720, RETE HWEICHIRAH Y, EE(LDOLhIT & 72
ST,

AREETIL, IEFNC AR & Ny F AT L2 & TREBFIREND Xy FU—0 7T
I DRy FAZ L, RRRIRO WS, K= X hOs~Sy FU— 7 Hik o
DI, MBRIZIN TS T 28Ny FU—I DRy NAZ B0 7 LiEZ A%
T 5.

4.2 /Ny FU— 7 M ORFEEIE
BERAWONTWDE ARy MNEEEZRAWE Ry FU—I Ry NAZ U T ORBER %
Fig. 40127 . Ny TFEEELIZEHDIIES 2 VIREN EF LICSL, 777 OREI
ES2ENAEL D720, ARSI HoXHIRTIZT 707 &RZ2#EUICEe b ST D 2 L3
V. E T, ARy MEERIZ X BB ROMEL OB X ITHIKIA U, RIS RE 22k
B ER0F . BIFE LISy FU— 7 EM O RIS L Fig. 4.2127F. Ny Tk
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RHR A2 ERRWTMENT 2 Z LIS K VR 2 —IC9 5. 20k, MNTERATHE L
B ZRRIIATO 2 & THReEY I LB LREEDM L2 X 5.

Alloy layer, appropriate  Alloy layer, inappropriate

Cracks

g I DN '
RN P, Spot welding
Excessive heating, Low forming limit
sufficient weldability insufficient weldability
Main blank, thin / \

Patch portion, thick
Spot welding

>

Al-Si 22MnB5
Patchwork blank Heating Forming

Fig. 4.1. Conventional hot stamping process ofipatrk blank.

Mechanical joining

Main blank

7 o

Heating Forming, joining

Fig. 4.2. Joining process by forming of patch araimblanks.

Ny FLRRZENQTHIE LI L EDOWE AN = A L% Fig. 431077, 7Sy Fhil Tl
WIRZED 8 2 T2 DI A R EDPT BTN S 08, 23y Finih & ORI & 5 2R O R
DY, ZOZEBRIHREZADVIAEE D Z LI L o> TEBANICES T 5. ATIETIE, Ny
Tl EZE L TV O TH Y, #AHEN Fo TRWEEIE L — P — I THiTR T 2.
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End of
patch

Cavity lengt

Main blank

Dies

i
atip
i

(a) Before forming (b) Entering of main blank (c) Joining

Fig. 4.3. Procedure for mechanical joining process.

4.3. Ry FU—7 M ORISR R
431 FHREICK DNy FU—T M ORIRERES RS

Ny FU—7 OFRIREARZAREFRIEY 7 b LS-DYNA Z HV TRkl L7, fEHTIZ -
R, Ny FEBIOSASEE Fig. 441077, BRIIRIE 2.3 mm KX 180 mm /Xy F
IRE L.2mm ES90mm A AL HO=90 96, 114 ThHY, XA AEHND DB
DB x LS E Ty Iab—var&fiol. ¥alb—va T, RESMORE
B CRIRE Sy FOEREE 2 HE Lz, BRI PFROTAZEE L TUATEOY =
VB DT 2 LR 0EI L, Rl & /Sy F 2 iR, SRAZRIRE Lz, Bk &8
vFDA Va4 RFREFFIZSpEOREIEL, &IX1mmTho7z. IR
BT D 700°CHIT OEHPLZ 6 = 350¢ “*MPa & lE L, FIE#% OZZB gk |, fRo
ANV IABTEEA A —my 7RI EENTNER L.

FRES RO FRA N a—IBA 2 —ay 7 &6 RIETEES Fig. 45107-7. B

D PEEE X 23/ NS WIE EZERBEEN R E S RY, A U F—n v 7 BN 5. RS TA
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A=y EPRKRIZRY, FO% NIRRT TIEEVICEVED Lie, ¥4 XA
O BRE 722 EIEF OO T AR R0, A F—my 7 8EidEd L.

Punch Main blank,
t=2.3
¢ 9>~ 180 ;7"
o
s ¥ 90
45.6
Q
Q| o
|\ Patcht=1.2 mm
_ /: Cavity length
Dies 3 : Interlock
Fig. 4.4. Dimensions of patch, main blanks and dsesd for finite element simulation.
e 12
E 1.0 Punch
s 08— s |
8 06—
S 04
= 02 S
L
0 __I_ Dies
-0.2
28 30 32 34 36 38 40
Strokes /mm
(a) Effect of step distance on interlock during forming
£
S Punch
- I
° S
(6]
o
(O]
: _HQ\;W_
Dies A

28 30 32 34 36 38 40
Strokes /mm

(b) Effect of dies angle on interlock during forming

Fig. 4.5. Effect of stroke on interlock during fang.
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SIRGCARDI G DZERRIEREl , A 2 —m vy 7 8§ ICRITTREEL Fig. 4.6127F. ¥
A AME N6 —EDE X, BOEREXN 14mmETREL 2L IR 6mmMET/HEL
20, SITIFE 0oz, xNOmMm—EDEE, ONKEL 25 E LITHEINT 50, WO
HT DR 0 S 1T/ NS < o7z, 0 BEMITITVIZE ERTEHIZ I 1T 2 Hi D i =2 23)N
L, ROVRERA LV Z—m Y I BRHFELND.

1.2 18
£
e 10— —115 E
— 96°
E o8| 11 = |
S o
S > x
o 04— ] = B
: ° 3
T 02 |- g — 3 © A
I
0 9 12 14 0
Step distanc& /mm
1.2 18
= 10 — 15 £ 0
£ o8| — 12 ;
2o -
E 06 | — 9 i'c? >y
o 04| _ — >
= 5 ° £ A
0.2 |— — 3 O
I | I
0
0 90 9 114
Dies angle? /°

Fig. 4.6. Effect of die shape on interlock and taiength.

4.3.2 FEBRIZ L D/80F U — 7 EH O RIRHES s 5
R F T — 7 EM O RIS FEBR 715 % Fig. 4.712R~ 7. Al-Si ¥ - & 22MnB5 8l % 1
L, FHRIZHRE 1.6 mm 1890 mm £ X180 mm /Sy FIIHKE 1.0mm E90mm £ L

X 67.4 77.4 87.4 91.4 mmicZ L &H7-. A 2O XME 01%96° BroIEHE x 1% 09,
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14, 21.3mmToH o7, FHRB X Oy F % 910 *COMMEVE T 330 sHEL L, 10 s® FAE A
REF 24TV, ZERREERE | LR O x A v XA —a v 7 BICKITTEELZFHETS.

180
<
Al-Si 22MnBS sheet L=674,1774,87.4,91.4 mm
< —
Main blank, 1 = 1.6 mm/
|
|
: 7 O
urnace / - P I
~ |
N ¢> |
Pl op
\?!96 “
> |
Patch, 7= 1.0 mm
(a) Heating, 910 °C, 330 s (b) Before forming (c) Bottom dead center

Fig. 4.7. Schematic of experimental equipment icmaaical joining process.

EBEOREREx=21.3mm Ny FEE L=67.4mmicBlT 573y F U — 7 Sk O RS L %
Fig. 48127, K02mmdOA ¥ —nm v 73S, #EINTW5D.

Main blank

patch

Fig. 4.8. Joined patch to main blank for 21.3 mmL = 67.4 mm.
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Ny FEIL=67.4mMmMIBITH XA REEODEROBEX N A X —n1 v 7 &I KT

TEREZ Fig. 491077, ZERIEHE | ICOWTIEERTITRE CE 2z, FHREZHWT

MBI L7, X M REWIZE I NESL R, Ao —a vy 7 BN LT,

1.0 25
0 A ol 20 £
E 8 - Calculated—. O:¢ ] £
« 0.6 [— L
S =)
3 i g
S04l Experimental A _|10 92
2 >
2 =
~ 0.2 |- T g
> 8

| I I 0

x=21.3

Step distanc& /mm

Fig. 4.9. Effect of step distance on interlock aagity lengthfor L = 67.4 mm.

Ny FRILEXAZXELND DEDHHEXDA & —n v 7 &I RITT 2% Fig. 4.10
IR X DN EL, RuFRELWNPNEWFERERA LV Z—a v I PELILTWEN,

X=9mMmIZOWTIEHEVEEIML 2o 7=,
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I

o
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I

Interlockd /mm
o
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I
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I

H I I

0 67.4 77.4 87.4 914
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Fig. 4.10. Effect of patch length and step distarmeinterlock.
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L=67.4 mmiZ- DO\ TIXZE RS CTHEN
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Vickers hardness /HV1
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Patch endl. = 77.4 mm

600 X | Patch endl. = 67.4 mm
500 oo e : V LE77.4mm |
400 [ R oS
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Fig. 4.11. Hardness distributions in main blankdifferent step distance fow=67.4 77.4 mm.
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Z Edge constrain

Main blank %

|
w Patch ‘ ‘
Pad | oz
| | %,
Die
(a) Before forming (b) Forming (c) Bottom dead center

Fig. 4.12. Procedure for mechanical joining proaessg edge constraint.

Il PR 2 W To Sy F U — 7 M O [RIRFE G &% Fig. 4.13127R”7. Al-Si H o &
22MnB5 itk 2 M L, REARIIARIE 1.6 mm 08 90 mm & & Ly = 180~196 mmTH Y,
(D TEHRT 2R C 22 bWz, BIBHRORKRES1E 180 mmTh o7z, 7~y F Tk
JE21.0mm #E 90 mm KX Lp,=70~100mmT&H Y, ZEREEHE] = 5.1~20.1 mma £ b X &
7o, XA AOBEMAE 013 96° EOHEE XX 10 mmTHY, Ny b EEHIZH DSy RiE
16 KNLL EDORENMEM T2 LT3 5. RIS LUV F% 910 "COMNEYE T 330 s/
L, 10s®O PR 21T T2,

Patch Main blank

e

910 °C =0

35

(a) Heating: 330 s (b) Forming (c) Die quenching: 10 s
Fig. 4.13. Schematic of experimental equipmentgisiige constraint.

Main blank length before forming- Main blank length after forming

C= , . 1)
Main blank length after forming
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4.5, IR 2 AT Ny F U — 7 EE O [RRHE SR R

BZEBPRREE | ICB T DA 2 —u w7 &6 LHHRE C DR % Fig. 4147 F. Ny FE
S L0mMmO7ZD, 1.0mmABA X —a v 7 D RKEIZRD., WEREPREWIZEAS X
—u oy 7 &FmEL, WRFEL 8.3 WE THIMIEDHZ & TRE/DIWZERERE] = 5.1 mm
TH 1.0mmoOA ¥ —ay 7 &%57. Ll I1=20.1mmTlE, 6=1.0mmTdh 5 EhHE

WREL, Ny TFMEESHTERT L.
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Fig. 4.14. Relationship between interlock and c@mst ratio foro = 1.0 mm.

Bl & Ny FIEMER DA o Z—a y 712X DS STV DD, B dn h R EBIZITRAR &
Ny FORNENZRBRBINECTWD. A ¥ —a v 7 8 5=1.0 mmD I RIC I 1T 5 22
FEEE | 23R C L ARBIFRENIC MIE 382 % Fig. 4151283, RNy FE I/ I WD &R
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Fig. 4.15. Effect of cavity length on constrainidand clearance far= 1.0 mm.

ZERREERE | = 5.1 mmORKIEICEIT DEAEMEZ, RIS ¢ 30 DIEETAMT 5 Z
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Fig. 4.16. Joining force-stroke curves fer 5.1 mm.
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0 = 1.0 mmD T IZ I T 2 R OBE X 754F & Fig. 4170203, A U X —1 v 7 DI S
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Fig. 4.17. Hardness distributions in main blankder1.0 mm.
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Fig. 4.18. Thickness distributions in main blankde= 1.0 mm.
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Fig. 4.19. Local joining using patch blank withtslo
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Fig. 4.20. Interlock distributions in main blanloand side wall by local joining.
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(a) Start ' (b) Punching
Smaller hole than bar

| i Elastic recovery
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S \| <:|
| Scrap . |
(¢) Ironing (d) Joined

Fig.5.1. Joining of bar to hot-stamped steel shggiunching.
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! @ 8 @
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C=1.0, 1.5, | R=0, holder ;
2.0 mm —N_ 1.0 mm '. Sheet
i O
Die ?8.16 ©
(a) Bottom corner (b) Die setting

Fig.5.2. Schematic of experimental equipment forijg sheet with bar.
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(a) Joined bar with sheet (b) Cross-section

Fig. 5.3. Die-quenched steel sheet joined withdfd = 1.0 mm.

BHEA TR T DA E— X e —7 #li#t 4 Fig. 541077, AR L OmERY
IWRELSIRDITE, R7 T v TNGEET DRARMGEINNS 2D, SEEST DA bu—27 )3
2. RBEPNTRRITEMDBEANS VTN DT, e K B R AR I B A B 234 U C
AR

40
QT R=0mm
R=1.0 mm
§ o /’/‘/ C=1.0mm
i ‘/ C=15mm
o o0l | C=2.0mm
(@)]
=
C
§
10|~ /”
|\’M\rﬂﬁ\ |
0 1 2 3 4 5

Strokes/mm

Fig. 5.4. Joining load-stroke curves for differentner shapes.
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HRL—-A ho—7 #h#i% Fig. 5.5, A b — 27 HIHITIIEM TR B B 7203,
BOHLTHRMEIIEML TWAD. R=1.0 mmOALLAOMH UMTEIZHERTY L0 03720 K
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6
Sliding
- .
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g 4r
k)
(@]
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e
32
o
C=1.Q0mm
0 1 2 3

Strokes/mm
Fig. 5.5. Pushing load-stroke curves for differemner shapes.

Scrap diameter /mm

L d | | |

R=0mm R=10mm C=1.0mm C=15mmC=2.0mm
Shape of bottom corner

Fig. 5.6. Scrap diameter of different corner shapes

56



R=1.0 mm& C=1.0 mmiZi i) 2 G RFOEEE Z Fig. 5.712~ 7. sIFERRFO A K
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JRF 72N HZE LTV DDIZRT L, C= 1.0 mmTIEHRIE T IS EFEHI 0 Bts TIED & LT
PR L TR0, BRIEEEA/NS < 2o THRIRE L /NS <72 5.

L

1 mm

4

s =0.79 mm s =147 mm s =2.28 mm
(@) R=1.0 mm
1 mm
—
E sheet 5
s =0.95 mm s=1.43 mm s =2.47 mm

(b) C=1.0 mm

Fig. 5.7. Deformation behavior of bar and sheeindyjoining forR=1.0 mm andC = 1.0 mm.
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Rollover

= Rollover 7
Burnished N

Ironed
Fracture

. .l F 2|
Fracture 71| {4

Burr - :
(b) R=1.0 mm

Rollover -5 : Rolloverj
' Ironed

Ironed K
Fracture

Fracture ¥
Burr == S, A Burr j

(d)C=1.5mm

Fig. 5.8. Joined surfaces and cross-sections fiareint corner shapes.
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a1

Depth percentage /%

0 ]
P77 %

25 | | | | |
R=0mMmmR=10mMmMC=1.0mMmmC=15mmC=2.0 mm

Shape of bottom corner

Fig. 5.9. Depth percentage of joined surface féiedént corner shapes.
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Punch [ Nyt
o L
i Blank o
t | R=0,0.5,1.0, holder L, |
o 1.5, 2.0 mm ;
Die | —
() M8 nut with round corner (b) Die setting

Fig. 5.10. Schematic of experimental equipmenjdoring sheet with nut.
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AR —IPNETECRAT T TN L o=, 72, 7 v M X o TEssE ik %
FIHRWT=23, oy PORUEIFEZEFELTELT, Al E L TORMEEZ+3IcA L TWna.

5 mm

A

(a) Joined nut with sheet (b) Cross-section

Fig. 5.11. Die-quenched steel sheet joined withafilR = 1.0 mm.
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FWVIFEERARME T L, mKRAERFOZX ha—7 BNH#HEML T\W5.

70

D
o O
I

Joining load /kN
N w B a1
o O
[

o
I

[EEN
o
I

| N N N
0 0.5 1 15

Strokes/mm

Fig. 5.12. Joining load-stroke curves for differeatner radii.
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F v FOHIAIII BER X 373 kNZTHE L TWAD, R=1.0mmoO i3 LAfE, F v
KRFIRDPHRIT D ETOA b —7 EhickEL, HEAENLVREIZRD.
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> 51— Weld nut, R=1.0 mm
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- 41—
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2 31—
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e
g 2
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I I I I I I

0 0.1 0.2 03 0405 06 07 0.8
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Fig. 5.13. Pushing load-stroke curvesfor 1.0 and 1.5 mm.
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Fig. 5.14. Separating torque f@r= 1.0 and 1.5 mm.
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Fig. 5.15. Scrap diameter of different corner radii
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Fig. 5.16. Joined surfaces and cross-sectionsffereht corner radii.
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(a) Nut having round corner

Elastic recovery

Nut Blank {} Upper fastening
| ” holder | surface
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Punching Ironing, joining high joining force

(b) Taper nut

Fig. 6.1. Joining processes of nut to ultra-higkregth steel sheet by punching.
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Fig. 6.2. Schematic of experimental equipmentdaning sheet with M8 nuts.
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(a) Joined nut with sheet (b) Cross-section

Fig. 6.3. Die-quenched steel sheet joined withrtape havings = 3.0°.
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XAOMEIE, T/ _X—ANRKEL2DHIFELEHTS.
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Fig. 6.4. Joining load-stroke curves for differeager angles.
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Fig. 6.5. Joined surfaces and depth percentagdifferent taper angles.
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Weld nut, 3.73 kN
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Pushing load /kN
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| | | — | L
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Fig. 6.6. Pushing load-stroke curves for differ@amer angles.
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Fig. 6.7. Separating torque for different taperlesg
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Fig. 6.8. Schematic of experimental equipmentdaning sheet with taper nut.
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Fig. 6.9. Joining load-stroke curves for differeheet strengths for= 1.6 mm.
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Fig. 6.10. Effect of sheet strength on pushing laad separating torque for 1.6 mm.
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Fig. 6.11. Effect of sheet strength on hole diamater punching and joining far= 1.6 mm.
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Fig. 6.12. Joining load-stroke curves for differmtknesses of 22MnBS5.
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Fig. 6.13. Effect of thickness on pushing load aegarating torque of 22MnB5.

WIER A KT T Fig. 6. LA T EOHEME LI L ZEmEINKEL
RoTHEY, TS THESRENMLZ. t=1.0 mmTIE, LIEHEEIINNEL,
BAEN A+ Thhrolz.

73



Rollover i ‘
T

s ada 58X

Ironed
Fracture

Rollover 2

Ironed

Fracture

() 1=2.0 mm

—
(]
T

e
(9}
T

!

20_ )

p—

Rollover
[J Ironed
[] Fracture

()]
N
\
\

(e

1.0 16 20
Thickness /mm

(d) Depth length

Fig. 6.14. Joined surfaces and depth length féemiht thicknesses.
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Fig. 6.15. Schematic of experimental equipmenjdiing sheet with bolt.
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Fig. 6.16. Die-quenched steel sheet joined with. bol
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Fig. 6.17. Joined surfaces and depth percentag#fferent clearances.
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Fig. 6.18. Pushing load-stroke curves for differeleirances.

76



6.8. fis

T——=TF v FBLORNV b BB EMRIC k&G L, LT ORREZG.

1) JEEHT —/"—TUY Oma LIZ&E 2R 6, T ek hmn—% L7RE TS

TEIL.

2) XA F L rENERy hAZ U E T RBIRTIE, Ty FOEAREIL JIS Bk

DFI2HETH Y, EAWMICHAZ T2 > LD AN H LT
3) #IERIE S 780 MPa #/E 1.6 mmll LT+ GiEN S b7,

4) RV b OHEETREIT IISHE DK 1.4 TH - 7=,

ARBEEEITHIR D5 RIR S K EUVIE E R PRI IRT 2 E3% < 72 0, Pk ETE &3
HINL TEES TR K& < 72 D720, HPuia s TIT B 03 8k < B LV R o 515 7 8
WIZH L TCOAMTH LS. £, WEEAHWD EIRBILIZ ANy Z 235 UEIAT ST 5 RT3
DHDHMN, TIUTOWTHIRRTE 5.

77



BIE Ew
7.1, Aiwm LD

ARG ST, HARB I OmmEl, Balkdl 0= X MEREZ BRI, Ry hAxZ 2
B TICRBIT ST VARG EEEITOWTIRES L7z, ABFRICEIT DR &, Kimizk i
Lt & LU RIOR T

1 BT, BERESEMOR Yy N2 Z U ZI2BIT A REOBRER L ORI O B
HEFL LTz,

52 T I, MBYR D D B~ ORGEREZ, MBS -8tk 2 TR CHEamAEIEITH 2 &
THIROETEARI A i b U, RFEREUA & i S B2 2 309%6REEE M) - S 7.

3T TIE, ML AR T OWET —T — 7 7 ZHIRICx L, —RENER ST
WBIEBEANVEIBIIA TR L < @M CTH D720, UL 7 2 4 ) SRR 0 5E AAUERE
A L7z, 270 MPailfi ITHEA R &+ RIEMEZ A L TRV IEBEANIIR ORI L 70 D
ZE&pLT.

B AT, MBFNCRR & Ny FEEET 22 & TREBRHIRSND Ry FU—7 75
YU DRy NARBZ LTI L, B IRN TR ST 2872 Ny FU— 7 DR v
MR T TEZRFE L. BRE ANy TOWREDOARENRKRE 720, BRI b3
Y FOMBEERESTHZLBARETH D.

WEETIE, ¥A 72 FEINTZRy A B THIRICR L, AT LA E AT 7=
BB L 0Ty b a2 O THEBANC IR E 825 21TV, IS B 1196D IS A & S H 5
et TR 2 15372

FOETIEL, RNy MAZ 7 eEiciammEti e L, [imic 7 — =2 727
v MRV b & BERE THIAT Z & TRIKE A 2 T o7, $lik & Ty ARV FOmEmD—
BERHITL, AV MTOWTS IS B 1195804 24 & 4~ 2 B oREE 21572, B R | 30
WROGIER ST LIz, Ry A X U DIl b THBTIREE DN LV T8 5 R
NFRZH L THAENTH D Z & a2R L.

78



Ry PAZ T THEESNDT =7 — FREZ A T2 B 7 —I25W\WT, A%tz
R SE T LA O R A Fig. 7.0, 72122 N EURT. BB TR RS Tl AL,
IR NERATLHIFELE L TC2EOT 7o —F 2R2 L. 120358 2 Tk 7= Wm %=

RS TELHETH Y, K 30%WR VT M 2 ]ET 5 2 LI L - T —IRE— A &b
IMEFTRyFEBEIL, £ 5%DEE(k L, 10%D 2 X MR FATREIZ/R 5. /Xy F O
BHE B L OAR y MESEENHIRES D Z &0 D, oA MERBICAENTHDH. —J7, Wrmi
SERELTLIGEIEIE ABRDORRES Ny FU— 7 TR ZES, Ny FxRET5HZ
& THMIRERIZE D £ £ 10%D R & 5%0D 2 A MERENE SN S, BRIZ Sy FITHR
TRHTHD ZENHREMIIKELSERT 2. MHREZEMSEL5E5I03FE 2, 4%
RGO D T & TRV RICEV Ny F2mH L, SREEDS 60%HE N3 5.

EHRET~D T v FRRNL FOEEIZONWTIE, 5 6 FEDONIKIESIZL > T =
AR L% T . LI 5 HO T v MEEASEAMNERH LR, L—F—IC
L2BBOTFTRINTEZEMKTEDLZ LD a R MERIZORR 5.

EEVEEICARFZE 2 L= A OB % Fig. 7.310R7". & 3 3 Tk~ 7= W R 6
WA FEREE ANSIRORE L T2 28T, MEa X FOEROZRR 53, BHETEET —7
— N7 77 ORGENRTIREIZR D, 2 b A B TR 5%D 22 A MERNS RIAEND.

KL TIRET D FET R CEMAEE T — 7 — N2 E T 5Ky hAZ BT
fEIND B BT —ZxT 250, BREBIONa 2 FOBf%%E Table 7.UI/RT. A TRE
[ D%, ROV MIZE Y Ry FaFEIET 5 2 & T 5%DHE &K & 16%D =1t A MK
MR, Wk S A TR L Sy FORE 2 Kk d 2% 2 & T 10%DE &K L& 11%0D
a2 MERAKND. 5% O S bR 5 EELEEREO R E VI LTE, ORI & Rk
L0 HRIBIZEN Ry FEMAEDE D 2 LT 26%DE &N, 9% =2 A2 MHEHIT 60%D
KM 72 TR SR EE DRI TREIC 72 5 . Ahi SCCIRR L2 BRI R, BEl B L= % h
IR L TRk A 27 7o —F ZA[RBIZT 26D TH Y, BIIIISE L TE bIZHE b L7 R
v NAZ VU TEHM OBRGERFIREIZ R D

79



Patch

%XHigh strength area \E ; [_” Depth
A Cross-section A—A

Deep pillar without patch
Weight: — 5%

Cost: —10%

Thin main blank and thick patch
SQUVAeN - [Chapter 4> |L_jf~  Weioht: - 10%
Cost: — 5%
Equivalent of main blank,  Thick patch
Patch welding (conventional) Strength: + 15%
thicknes Cost: +5%
Thicker than main blank, Deep pillar with thicker patch

mechanical joining m Strength: + 60%
Chapter 2
' H L:—J ” Cost: + 15%

Fig. 7.1.Result of forming processes for high strength area.

High strength area

Welding /_:_\___S_Qc_e_gification

' Laser £ [ )
Method (Conventional) V j / — Expulsion
- Welding current &

(a) High laser cutting cost(b) Narrow range of welding conditions

Joining force

Mechanical Die- Bar,
joining

@: Cost: — 1%
a % Cost: — 1%
Nut,

Above 780 MPa  polt
[Chapter g= Cost: — 1%

Fig. 7.2.Result of joining processes for high strength area.
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High ductility area

Non-hardened steel

(Ductibor) .
Cost: Equivalent

Cold stamping steel
D S - [Chapter 2 Cost: — 5%

Fig. 7.3.Result of cost for high ductility area.

Table 7.1. Strength, weight and cost relationsHig @illar for industrial applications of processes

proposed in this study.

Cost
Components . . . .
strength Method Strength Weight High strength area|  High ductility area_
Forming | Fastening Material
Deep pillar, | 4 go0 | 506 | —10% 1% —5% ~16%
. without patch
Equivalent : :
Thin main blank, 4 g9, | _1005| _506 = — 1% 5% _11%
thick patch
. Deep pillar, o o o 10 ko 0
Higher with thicker patch +60% +26% +15% 1% 5% +9%
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High strength

Reinforcement, High strength

270MPa \
ﬁ . 27OMP
Welding patch

High ngh
ductility dUCtI|Ity
Blank Stamped part Blank Stamped part
(a) Conventional process with (b) Patchwork process with
reinforcement high ductility patch

Fig. 7.4. Application of patchwork in high ductyiarea.
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|
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Fig. 7.5. Ultra-high strength patchwork componesihg two patches.
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