B4 — 2 (EREERL (Fnso)

S 2% 24 27H

Feta o FREE 5179102 % e

Eh A

Jionn {0 e

L . e PRfT
K4 FHAC HE]

WX OERT (1)

S0 4 | BE RS OR v A Y LTI AT L AR & AT A

(BEE 1,200 FFE)

ST, BB E O 2 m L SRl O ETRE M o AN EINL TS B
JEAZ F5 UF D /5 o i Wi&)mf@x/)/ynyﬁwlm T EOERee COBBNEL A
o, Ry AKX v iéM@&WW»ﬂAxw .&y%x&yv‘ﬁtmﬂ 1% T
BLOBANGHIO T {“*4 L), MI B L0 R E /NS0y, BINGENC LD =T v

oA MMES LD IR, 27 /’//\ v 7 (/D/J\*b\'ng;VJ\"*'i*’i%“C%

A Fi S ¢;n, fh Mdr’fuup 4/‘1‘0>.'E?7fﬁ%1“*“ﬂ,., B a b L O A MR 7w, B R R A oo
Ry hAF T2 BTS 7 v ARKTE JXG:Jri/UHhaﬁok”%mt IR T - 0
FAEB LN AE nuui..

o T TMMw#bﬁﬂffwm WB RIS Ko LA 1'% | AL R 1) B i c b O 1) O | A= B N |7
73"{1‘ P <D m[lfJA’Qf ”} &)L &f 'l y u 73 11] :/[[;H}XU){H]I ’c}?)ﬂi [ ’\: ]L} e 71‘/{{/”1;} /'ri“'*ﬁ!'l X 7 D .
%MFhk&%%qWILTMVWmu}%/mmLﬁ Wih F BRI B, SR E &
250°CHL T &8, ZBIZHNHTA 300 MPat il Xt 5 = &8 J» THRTEE 23 26. 1% - L 7=,

I T i7~c%wk7§;u7%mb%ﬁky%x&>w&/7miNVT,uﬂ%h@WOmewﬁ
BRI ANIAEDR I S iz, EANEIT > CTHE o8 EM S & P IERE A NS & 122 A Y
FLUTHY, WEHACSILTHAEMARIEREANM ORI E D D LR/ LTz

uﬂﬁ”dmﬂtfﬂikﬂyi SHL, Ay MEBEETDOPTIC N 7ﬁ£é4/¢ﬁmy
R A T IS L s TERIC S Y. PR TERTIISM M’M' -8, FHOESE
EﬁmﬂJTWﬁn FRITE RS AR v NESERNDIC T DB E R Bk

FSETIEHBANIN Ry hAZ BT L, 7a Y s g SJIRBUEEARHCT
Ny SR N 7 2 i 0T ﬁim SHLTIREHAEARB LI, Ry hAX U EVIHickslT 5
PR AR & 7o > T DL A FIIS /D S 0 ARHE IR Y 2 (T 2B >
FTCEOERRZLD LHEMN \./J X R EHU, AL TESSES, UL EES TSR s
AT DB ME S, ROy MR LY %ﬂ‘%b‘fifi‘ sk Hh b, Kf’i HAZ1.0 mmo
A% DT A CEIS(‘OL*C[!\L CER@EASAESI, %,J\m')j‘\ NI KIS A o T

FOTE I B A F B R U E T S A T Ty RV MR W R E S
EW)%LK.ﬁJuZT TNy RRRRAL N TR EHIT RIS, LITEEEZ RN R E
Hftf& WA, FREEHO O S AT Y Ao, BiE Sy N BT A ha—

JEREMLTHO B4 H -~ TWDH, XA 7T SRy NAX B THICEBCT, IS
THIE S v NOUEOEE RN Sz, 5195 X780 MPa, HIE 1.6 mmbL L CIIS
DIEHEREZWET 5.

TR CULRE R & 4 TR O ST IVE A 3R




BIAE A — 1 G- (3530))

Date of Submission (month day, year) : 2 27, 2020

Department

Mechanical Student 1D Number D179102
Yohei Abe

Engincoring Supervisors

Takayuki Shibata

Applicant’s name Yasutaka Suzuki

Abstract (Doctor)

Title of Thesi Study of Press Forming and Joining in Hot Stamping Processes of
itle of Thesis )
Ultra-High Strength Steel Components

Approx. 800 words

In recent years, the application of ultra-high strength steel sheets to automobile components increases for the
improvements of the crash safety and weight reduction. In cold stamping of ultra-high strength steel sheets,
high forming load, large springback, small formability and large dic wear arc problematic. The high load
requires the increases in press capability, and the increase in springback induces deterioration to component
shapes. To solve these problems, hot stamping of quenchable steel shects is effective. ot stamping is a
process for producing ultra-high strength stecl components by heating, forming and dic quenching. In forming
at high temperatures, the forming force is low, whereas the strength for formed components is high and the

springback is small duc to martensitic transformation causcd by rapid cooling with dics.

In this study, press forming and joining in hot stamping processes of ultra-high strength steel components were
investigated to manufacture of high strength, weight and cost reduced components for automotive, In Chapter

1, the gencral introduction for overall contents of this thesis was shown.

In chapter 2, the formability in hot stamping was improved by partial cooling of a hcated sheet during the
transfer from a furnacc to dies. By using a transfer device for reducing the temperature of portions undergoing
large deformation during forming, the flow stress of these portions is increased, and thus the deformation is
relieved. The cooling pressure and the contacting width for the transfer device were changed to control the
temperature distribution in the shect. By decreasing the sheet temperature by 250 °C, the flow stress is

increased by 300 MPa, and the depth of the W-bent sheet is increased by 26.1%.

In Chapter 3, the quenchability for a 270 MPa mild steel sheet was cxamined for the usc of tailor welded
blanks, because the conventional non-quenchable steel sheets arc expensive. The quenched mild steel sheet
had almost the same ductility as the conventional non-quenchable steel sheet, and thus the material costs can

be reduced by the replacement.

In Chapter 4, main and patch blanks which are scparatcly heated were mechanically joined during hot

stamping. In heating of resistance spot welded patchwork blanks, the temperature becomes non-uniform due to




thick and thin portions, and thus the intermetallic layers arc incompletely formed. In forming of patchwork
blanks, the thickness decreases around the edge of spot welding. The main and patch blanks were successfully

Jjoined by creating interlocks around both cdges of the patch blank.

In Chapter 5, a mechanical joining process of a bar and nut to a hard hot-stamped stecl shect was developed,
becausc the resistance projection welding generally used for joining of bolts and nuts with hot-stamped sheets
has low joinability. In this process, a slightly smaller hole than a bar and nut was made in the sheet with the bar
and nut having a small round or chamfer at the bottom corner, and then the bar and nut were inserted into the
hole. The punched hole was ironed with the bar and nut during the insertion, and thus the joint strength became
high. No pre-punching is required for the sheet, whereas higher strength than that for the shect is necessary for
the bar and nut. For the bar and nut having a radius of 1.0 mm at the bottom corner, the ironed surface was the

largest, and thus the maximum joint strength was obtained.

In Chapter 6, a mechanical joining process of a taper nut and bolt to ultra-high strength steel sheet by punching
was devceloped. In this process, the sheet is punched with the taper nut and bolt, and the nut and bolt arc joined
by ironing and expanding the punched hole. The upper surfaces of the nut and shect are aligned by controlling
the stroke in order to attach other parts. No pre-punching is required for the sheet, whercas higher strength than
the sheets is nccessary for the nut and bolt. For the die-quenched steel sheet having about 1500 MPa in tensile
strength, the joint strength was about two times higher than that specified in the Japanesc Industrial Standard
of the weld nut. For the sheets above 780 MPa in tensile strength and above 1.6 mm in thickness, sufficient

joint strength was obtained.

In Chapter 7, the conclusions and futurc works arc given.




