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Abstract

In recent years, the automotive industry has been required to reduce carbon
dioxide emissions from the viewpoint of environmental protection, and there
is a need to reduce the weight of car bodies to improve fuel efficiency. From
this perspective, multi-materials such as aluminum alloys, ultra-high tensile
strength steel sheets, and composite materials are being used in automotive
materials. In addition, product shapes are becoming more complex, and there
is a strong demand for technology to improve the formability of difficult-to-
form materials (in particular, to achieve uniform product thickness).
Compared to mild steel, aluminum alloys and ultra-high-strength steel plates
cause shape defect problems such as warpage and springback in the same mold.
The purpose of this study was to develop forming technology to improve
formability, focusing on press forming of difficult-to-form materials into
products with complex shapes.

First, a forming technique was devised to achieve uniform thickness in the
overhang forming of aluminum alloys. The formability was evaluated using the
Erichsen test, which is commonly used for overhang forming and is specified
in the JIS standard. This test uses a punch and jig of specified dimensions to
compare the size of the material's fracture height. However, the Erichsen test
alone is not effective because it is considered important to form plates with
uniform thickness to ensure product strength in actual processing. The effect
and mechanism of thickness uniformity achieved by applying a compressive
load during overhang forming are discussed. This method made it possible to
form uniform plate thickness by causing the material to flow under vertical
compressive loads in forming where the plate thickness is locally reduced.
Next, a complex burr forming technique for aluminum alloys was studied. In
general, coining is performed to adjust the height of the product edge after

burring, which is a hole expanding process. In this chapter, we focus on the



burring process and devise a process design and die structure to make the plate
thickness uniform at the root of the burring. After the burring process, a
stopper is placed between the inner and outer diameters of the bar rings to
stop the flow of excess wall during coining of the product's outer shape. By
devising the shape of the stopper between the bar rings, the excess wall flows
outward during coining and the destruction near the root of the bar rings is
improved, resulting in improved dimensional defects. However, mass
production became possible by changing the timing of the stopper to hold the
product outline and the timing of the stopper to release the product outline.
Next, we studied the technology for controlling creases and making the wall
thickness uniform in complex shape and drawing processes. In this piping, the
shape is not symmetrical, and it is difficult to draw in the surrounding material
in a drawing shape with two draw shapes. We proposed a new forming
technology focusing on three points: wrinkle control of irregular drawing,
process setting for thickness uniformity, and consideration of drawing shape.
By dividing the drawing process into two separate processes and minimizing
the amount of material deformation, a minimization of thickness reduction (-
10% at maximum), which has been difficult to achieve in the past, has been
achieved. We have verified that this method can be used to form aluminum
alloys with complex shapes and deformed shapes, thereby contributing to
weight reduction, minimization, and high pressure resistance.

Finally, we investigated technologies to improve shape freezing by focusing on
press motion control and lubrication in press forming of ultra-high tensile
strength steel plates, which are difficult materials to form.

In previous studies, it has been possible to improve shape freezing by changing
from draw forming to form forming, but the disadvantages of changing the
forming method include the cost and time required to fabricate the dies and

the fact that some shapes can only be formed by draw forming. Therefore, we



focused on motion control and lubricant in servo presses as a method to
improve shape freezing without changing the die. The shape-freezing
properties of hat shapes, which are often used in automotive parts, deteriorate
due to warpage and springback. Since warpage and springback are generated
by different mechanisms, they were evaluated separately. Bending motion is
effective in suppressing warpage in shape freezing, while it has no effect on
springback. Lubrication was found to be effective in suppressing warpage in
shape freezing, but to worsen shape freezing in springback.

In order to improve the formability of difficult-to-form materials, this paper
proposes a new forming technique, focusing on the verification of material
tests using a different approach, verification of complex shapes and forming
techniques on a practical level, and process settings and drawing shapes for
wrinkle control and thickness uniformity in deformed drawing. In press
forming of ultra-high tensile steel sheets, we proposed a technology to improve
shape freezing by using servo presses with dimensional motion and lubrication.
The research results obtained from this study will be utilized in the future as
a technology for improving formability in the press working of difficult-to-

form materials.
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W Z HIIC a TEXIGHE G S, 2hcfbnT 2 -7 7 1 v ORI EHE
bDERoTEY, T L THARERI 2 T3,

X 2-2 I ZEFETR O T H 7L RNTAC X Y 2EEE X T 2 BRIl 2 7R g
b 5 d RO = — Xictfv, #EC/NE LRI T2k o nTtEs Y,
T.OBKTIER S NME A EMCHIAT 2 £ L AEEE oo T %, FRCEGIHER,
D7 4V DRRIT, %< DM AR OBEITIC B LCUE, FIEZ 5] 2 AT T (4%
D)DHEEE SNTEY, ZNHISHET 2FiEE L GREBIEVFIHEhCn 2,
Nz RHicih~ 3.

Drawn cup type (MS) Tank-separated type (RS)

v kil
1

Core
thickness

Construc- |EE%I DPr1 > DPr2
tion inside /_DEH =

the tank sy

A given size of
allowance for brazing

Inner fin t0.1

Tubes and
fins

N i I

> Tube 10.44. Tube 10.25
BRSHTLY—BEHEY R
X 2-1 A2 OB
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2.2 RIEIEICOWT

IR & 12 7 L ZMTIC W O B EFED—DOTH 5. TLRINL & ($#Y
YA XOMEE, ETCcRA2BROSEcHl £ &L CHEARICHEELE S ¢ 5
MILTEZRES. 7L AMLIEIMEIOFRNASCHED 2T /71 XY, X2-3 Dfkic 4D
oI, FEREOEERSCIE IS 2EMECHA A DY 5 T & THTE DA ZE
D BT 5, FEBUIINTRE RN C & &, SHEMESE WS &2 b, BEEERRZ I
Lo, EFERmeRKERGEE, BT Tn 3.

BRI L EL D SR A RA ST IR 2 IR S ¢ 2 FETH 5. L7223 - T,
LD R, 77 vV oMM R I NS 2o ERICIET NS, BERT S 21
FENSH L CHIRISNI D 2025 Z LRI CH 5. TV ABIBICE W, 77 v 7
FVE—="HNTT 7V VIiEE 0T 5 & THEEIERL, v F %2 LIADLS
BRI TTIETH 5.

SREBEOEIE, A Cik~7z/NICc% oMt & R o8 TR D R IC s L ¢, B
AT H %,

&)
E'$17

U277

B HigR - BRI T AT
TS AMEDHNEE BT OB (BFITR#RH)

X 2-3 TV ARRICIZEIT DA EE
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2.3 IRHEIEOMFEIC DOWT
IRHAIE IR ) 7% Vv BR EWEEN B JIS MM TED b -3k % FivC

ZOIEH AT 5. X 2-4lct) 7+ vikBoWE 2 RT.

ZIULED b=~

FEDOANVFBEIOY T ZHNT, MEOMEIE S O NEHIRT 2 DTH L. L
L, FEFEOMTICI3S R OfElRE HICREZ IS —ICIE T 2 Z LS EETH 5
Lxn, =V 7w VilBROARTIIHMEIMR . 2 DRDiiFE T, REBIZICET
2 BTHIEIC DV T OFFZEAREE T 328, BRI IR TR X Y 4 70
WEEX TS5 ETRLT B LML NT S,

#55 mm il
g B
¢D E 12
2 74 R b=
AN
AEBERA Y 11+
R=10mm 51 e o
r=0.75mm * ¥ T":«i;iﬂ‘zﬂl _
D=27mm , L~ I g H
L T "
il e 0.15
$33 mm

X 2-4 TV 7+t villR
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24 WHEHP

Hiffiz £ L 3 &, RINBIBICE W CTIRRIEZ WAICH—ICEARE TS % 2> A E
LTHY, ZRF—HIH N2 EAER( Y 7 & Vil ClEfHiic w2 &
Wohotz. £z, FRHIFIC X 2 ABEZAISHEMMIITEE 3 X I T3R5 2
LAV IEH o ZEpMETH Y, ZHEMElORNTICGERT 5 Z LEETH
52 eMbhb, ZITARWTE, LiErTLRLET VAR ZIMEL, M
FrtEIclb SE A IC BB T 2 7% B 35, B4Ry Tk, MElcxL
T ED A RERT & 7L A E 2 2 L ORI R R L, WEZg—
I B2 ka5, EBRTIRSV T, A4, YT 2R THERE S Y
v TN IS R 72 B & 21T 5 2 & C, RES Lozl L 7-.
F 7z, BIG L7 v T RIRIE, HO3 AEEZ V5 2 & CiES—{Loshi
EANZRLEERKT D,

L ARG TR A FEBRICHEL, W LIALS S 2—E Iz 2L E21T 5 7.
ARBRIA 3 E B O BRHRaR Sl 2 Ic 2T, TERSY 15[mm] o/NEZR TR % 0 5R
L35, T 2 EHT BB OB IC S HBONE TV I =7 LA5ED
3FEHTH 3.

25 FlRHAEE XY 7 & Vil
2.5.1 MM oM R
ARFEERCEH T 2 RN BB OB Ic % SR & 15 A3003-H14(7 v
1oV LA E, ZOEBEEHMICHMT A I =y LRFRALE. REIRTRT
Lo[mm]TH 2. LATICMHEAL 72 3EEHOME 2R T,
D A3003-H14
@ A1050-O
3 A1050-H24
13 U I HE8 M ORI & — iRy R 2 53HI S 2 7200, Slikallie =Y 2
v VB EMEL 7. 2N s 2 RETCIRR B,
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2.5.2  5likadbR

B 13 JIS13B Fichl Y, X 2-5 IR d~HEkE Lz, E/2m— RIS X 280
B OREEERET 5 720, n— )7 & RO AT ARZNEN 0 | 45°
90° & pfkicaliR ZXAIL, & 2AKTOMEZTo72. M2-6 ICZNLDFH%
A, R 5 [mm/min] & L, WirE coBR) L M RRIET 5 2 L0k
N—0F 22 HH T 5,

2-7 51X 2-9 1T 3 FEHOMBIDIGT)- O T AER 2R . K 2 -1 1T 13RI
HL LT 2KR0EZ VL REEF 2T, n fEONLTEM I 1 JIS 22253 (cH
b, FlREERCE L N BED L HEEH L 7=

R20

Ay

25

12.5(

30

45

150

2-5 Hloik Y aERA~E

13



BIaREREANE | 00—
A W R R AERT
LN AG-100kNX
rE 100[kN]

Stress (MPa)

2-6 SRR (E) BRI OSEHCET)

200
OO
150 /
<« 45°
100 /
90°
50
0
0 2 4 6 8 10

Strain (%)

X12-7 5liRHEHEE  A3003-H14
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Stress (MPa)

Stress (MPa)

150

100

W
[e]

20 30 40 50 60

Strain (%)
X 2-8 AHliRaEHEE A1050-O

70

2 4 6 8
Strain (%)

X4 2-9 GlRGERRSR  A1050-H24
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*2-1 BEWEIMEE

Hog 0.29%Tit 77 AR X ARTE A
kAR TT I ® n &
e [MP a] [MP a] [%]

A3003-H14 0° 115 150 9 0.07
45° 111 146 7 0.07
90° 124 154 6 0.07
A1050-O 0° 23 80 K4 0.30
45° 23 77 64 0.29
90° 20 78 64 0.31
A1050-H24 0° 111 116 9 0.05
45° 45 112 8 0.05
90° 113 127 6 0.04

253 TV 7wVl

— R R E R ST 2 720, TV 7 v v EER R e LR X 2 HIE L7~
2-10 B EE AR T, SERERI IR U 72 R ER 1 DK T 2 =
52T, FEIET AL o TEY, WHE X132 D5y F O LiAhED, 5K
Hob, K2-11 Il D Y 7' LUy Fo[EE R T, IREBIE I 7 7 vy
MEOFHEN 2 720, 73X 21 X v 10[kN] D% 23, MRz 3 2 &
& L7z, v F ot 2 MEIORNCIIANT 7 4 VRIBKSEA AV 2B T 52 L
T ZIT o 72, FERIL 90[mm] A opklC 3 KT oillEZ2 1T\, % 0 PgfE% ke
pTlickh ) 7w AERSREE X) & Lz, BBREE 134 5[mm/min]CTH 5.

X 2-12 & 5% 2-2 IRl n il & BT & DRIRZ RS, SBREELE n fEDS NS
% & Il X 2SN A A & e o 7z,
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2-10 =V 7 & v iRERk%

RO.75

T R10

P ——

2-11 =z 7 vilitkor 75Xy 5
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Rupture Height(mm)

® A3003-H14

<& A1050-0
B A1050-H24
13
12 <>
11
10 B
9 o
8
0 0.1 0.2 0.3 0.4

n-values(work hardening index)

X2-12 Tl & & n EOBR

£2-2 L) 7% iR ERfE R

MHE n i fEeT = X (mm)
A3003-H14 0.07 9.2
A1050-0 0.30 12.2
A1050—H214 0.05 10
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2.6 HERDF 2 JTIC X B IRHEAIY
2.6.1 HEE L 7-HIEAIR

SR 2 BB 5 i, JEE» OMEISRAL B W L b EECTH L. %
ZCERTIX T T v 7 RN X — TR & —EfRE CREE L CRIMR A3 %
LIk, REEIEE BT 2 2 L & Lz iR E R 2-13 1, iR EH
#X2-151C2NFIons. EME 040 mOIEAHICYI 0L, odk%fisT
2-14 @ 1st process IC & 7= 5 VARG 2 Fhfi L 72 1st process Tld, XDRHICEH
\F 2 JELIEEE % B L T 5. 656 2nd process Tl RO IR EIE % SEiti L 7-.
BCSHRARA T, BUIR A E R L CREA VRIS ERk s, L
235 CHEEZR IR  5RH: L 72TBIR 2 OB 3 U K vs, RIS 32 72 05RH L &
DR BT RN A v F v IR T 5. FE DL 7V AIEEGFE D O IREIE
i CIEPERAP RO 25%TH % LiPaklL T\ 2. % 2 CTHRIERADE 25%% 4
7E L C, 2nd process THUE & L3 P2k < ix B8R AE % 1.omm 206
L2mm ISP T 5, MEEDSEMAD HIRINGE X 13 3.82mm &7 5. &l %
TR DIIRZBSHER IC BT 2 v — T 2RELT7 7 v MEIRE L.

1st process 2nd process
340 40

() (e
/| |\C
A g 2

\% :

\_/

N\

230 .0

o

0
2-13 E L =8Ik
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1st process 2nd process

X 2-14 HBHOEE

2.6.2 B X OBIESM

%] 2-15 75 3020 < H B A ER I S T B A3003-HI4 M e fli7 v 3 =
7 2 A1050-H24, A1050-O @ 3HREDOMEZ Fw CORIBIERBR 21T o 72, X 2-16
ICIE 7 m e AOERX 2R, NV FICms 5 24 3L, 77 v 7R R—IC
Lo TRIIMBI R EE L T3y F 2 LIAA TR T 3.

B ERCIZBEN Y —F 7L 2 (RAME 110 Fv) 2FHLA 77V 7FAL
—IC X o THEMELE % 10kN OffE THIE L T ¥ 5 % 6000[mm/min] DL CHf
Lihte & & CHIERIT o 72, »Xv FAERT BT ST 7 4 v RIEREEA A L%
M9 5L TIEZTo7. NV F O LIAARIZTTRT3.82mm TH 5. &k, ¥
Y FHIRIZXK 2-17 OFRICR1.2 BRIFD 75%) £ AfIRIZR1.8 BRED 112%) & L
7z, ToOEIT TR CEBOEGR A E L CRE L 7.

YA YT

g4

2-15 A OFFEHIX
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Top dead center
(Omm)

Bottom dead center
(3.82mm)

2-16 M A ORE 7 v+ 2 DAY

N

N

2-17 #HEET 2% F5e0E R O HE (ST A)
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2.6.3 fHEH7L 2#%
1100[kN]EEo—F 7L 22 fHH L 7-.
2-18 IZfHffER 7L 2% 7R 9.

DSF-CI-1100LY

Direct Servo Former

X 2-18 EEEhY—R 7L A

2.6.4 WIEDOHIE ST

AEDHEE I RN R A v b~ 2 XA —2 =2 HHnwbn3, LaL,
AREERDO YA 1385 N D5 [HRHE X 255 80[MPal & /N <, E72/NHATRTH % 720
ZTNDWEECH 5, 2 TEHINBLRL LT, MBAMHOTEEAIEAL 27—
ZHCCHIE T 2 5E% T 7.

2-19 I 7V AR = it L 725k oM G R 23, HEOBRICiZ e — g
MIC X 2 NEZA DR %R ERE T 572, X 2-20 1T XS icu—AJgm ey
THADRTA% 0", 90° TEZSZETXAILE. UMOTRETRYAY—7
M X BIMTAREMKL, v FHLL D 05[mm]A 7€y b XL fEEY] > T
3.

2-21 13FBRA Wi otk 1-CH 5. SABIIRIEHLDE TR TH b, Fir bt
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TRIUINTSAETH 2. 2 2 CTRERTIIPO XY HHIONELZHEE L 72, WIEDH
TEIL, X 2-22 ORRICHEME Clit L 72552 Al FIRRICHIRER T2 CHIRIL, M
% H TR HET 5. WERIZ Sy F 23T 2 A2 Ry, Fuons
) 0.25[mm] DHIfRE T Ll & FHOR/MEEEZHE L. ZhZREL L.

2-19  HIEM

2-20 HIEY v I roYkifiE
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2-22 Al FAFRICHIRI U 7- 3888 H
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2.6.5 JIBA DMK & RIE R

HIEROBH G E® X 2-23 1TRT. X4 ZZ T TIY FORTIT 2T > 724
B, NvF - ZARFICEWTA Yy F IR Y, RESEEGICED LT 5, #
H D% o T IRAERT R 12 72 2,

WEDHEE I 1A AR A v b~A 7 n 2 =2 =2HHnbh3. LaL,
KREBROHM IR/ N D53 X 25%) 80[MPal & /N & &, F72/NUARCH 3720
ZTNHPWEETH 2. 2 TEHRIRBERE LT, RBHWHOGELRILKL AT —L
EHCCTHEST % HiEE{To7-.

2-24 1T 3 FRSEME 0 el % £ 721K 2-25 75X 2-27 12138 Fi RiEW D
AEME % 7R3

FE L RIZAE O 4-25% (BJE 1.6mm 225 1.2mm ~j&d) TH %23,
2-25 DRESAICE T, XV Fi REICTAH v F v 7L T-35% & 7> T B,
—J7, ZDiECIRREDD Y7L, FE—HRENMIL 7o T 5. 2ROR
JE AR I LTkt osg 83 700,

A3003-H14 A1050-H24

et

A1050-0
¥4 2-23  FABR L 72 IS DB G
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~-A3003-H14 —+—A1050-H34 -=A1050-O

1
n =]

Loboh b L
th & Ut &

Ratio of thickness change (%)

&
=

Ratio of thickness change (%)

0 1 2 3 4 5 6 7 8 9 10
Distance from center (mm)
42-24 FERL AMEECOREDN (S A)
~R1.2 ~R3.0
o 1 2 3 4 5 6 7 8 9 10

Distance from center (mm)

2-25 HERL 723 v Fin RaEy A3003-H14
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Ratio of thickness change (%)

Ratio of thickness change (%)

-R1.2 —=R3.0

1
wn

_40 ] | | |
0 1 2 3 4 5 6 7 8 9 10

Distance from center (mm)

2-26 HBRL 728 v Fin Ry A1050-H24

-R1.2 —=R3.0

_40 | | | | |
0 1 2 5 4 5 6 7 8 9 10
Distance from center (mm)

2-27 FBEL 7-¥ v 0 REW A1050-O
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2.6.6 HE%

RIS BT 2 BRI 3 2 356, BE OREEIY CldZs3— i
LCAYF VYIRS, LedoT, REI 2K HRET 240E1H Y, Kifl
TEDPE L 75 B 7= OBHR AT 5. T D & & IRRT 720 10T - IEHRIE
VO BT AR T 3.

X 2-24 1 BT 2 RES T, BEHRO 7 F v FRORERD 2D v, o
ORI L TONE~ R 2 BN X € 2 2 e A TENIE SV F - X4 REfoF v F v 2
BT B Z L DSABETH 5. ARHIE T3 il R IC X o TAIEANED LT E
F v F T o IR GRINLEY) 2S8E 528, AL 2 TRIE T
ISR L COOMEZ I LA T IE T SICHBIRAR R E S b b B2 NS, 2L
<, FliRAERICE T 3 RIERD B & ORI X 2 IR & AVE O3 B 0B
el 2 HpEFRR 2 1T 5 7.

2.7 BIEERENC BT 2 HRERD O il
2.7.1 FERERIC BT B HRIFHE

5RO O B3 2 3SR D i A3 78\~ D CHENNGER 21T - 72
BRI 2-28 IR EE L7 E72u— SIS X RIS DB % E %
T 2720, a—AJRERIRTAORTARZNEN0 , 45 , 90° &7 BBIC
ABRH 2 XBIL, 5IRRERE I L 72, RBRHE1E 5 [mm/min] & L, BEWTFRTE
T L7 0512 8%, 4 513 7%, 9 013 5% CTETL LIWEDEMZHIE L
721X 2-29 ICHIFENG S O AERK & 7R 37K 2-30 12135 [IRERBRIC B 1 5 T A L HE
B OGRS R % R 3

R20

S

12.5_/

25

L

30 J
45

150

21228 5l -5k O sl <k
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—0 degree —45 degree —90 degree

200

150 “\\

Stress (MPa)
2

thn
—]

0 1 2 3 4 5 6 7
Strain (%)

JE:BA8% 45E BK7% 90E:&K4. 5%TEL
2-29  WEWTTRRTE CHIE L 72057 O3 A HRIX

®0 degree 445 degree 90 degree

Stress (MPa)

Strain (%)
2-30 FIRABRICE T B T A L WIERD
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2.7.2 JEAMEIC X 2 AR & AME O3 Bt

FIREAER CORMGER & L CTHAETTMNC X o TRRAUCTTCHIIRIE X 13450 & 7r\ 723,
BTN IIR & < 2D . TR otRHT BT H BB ONE 10%LAF T b 53R
BT X AR ITIIIRIE A S % 701, HEAMANNERIC X ER A IC O W TS %
R 2-31 TRT 4 v A b o v HEERERE (60 V) TiTo7z,

RERH 13X 2-32 OFRICHRIE 1.6mm D 7L I =7 44 A3003-H14 L7 2
7 2 (A1050-H24, A1050-O) #[EfE 10mm IV 4 ¥ —Ay MicciIh L, TE
i SKD-11 % FvCHYE L 7216 B cEfiadif g i L 72, [ 2-33 13 FMEZepnIcn 3
DIERAHK, (X 2-34 ZERIMEEZ ZNZIWRL T 5, A L & b ICHEIR
WAL, FRIIR< %%, A3003-H14 13#7 4 I =7 LT HARTHEGEH R O CFE U

JERAANL T D AR & R 3D 7,

PR3 & JERIGHER ITARE—E DS CIRE TN 2 O TEZNE N Z i,
BiC & o T2 7 7 %A &K 2-35 10T X 5 ICHMEHCBfR R  —D i kic T — %
DRI NG, EE 25%HR I 754, FRIZ15%E2 CTH Y, SMEICHERS
[Ehiot=Z LR LTWS, Zap, JAREDOOTHIEIIEABRIC X 2B 0% 132 2
ICEEZ T3 Y FEMERERIC X 2Rt oF@ 2 A3, @R Cch - CThiED L Hic
FMD O RE RPN L2 IR 5 2 E ASAMRETH 5. DL EDRRASEICL
T, WREAANCHERE L COMVEICHM B 2 BB X ¢ 2 2 & T v ¥ v 7% i1kEd 2 1 -
IRHIEEEZ SR L 7-.
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JT BRI A A RO
A= {20
L 55925
N 600kN
2-31 fHH 3 % btk
278
| =)
275
|
bKD- 1] 1 HRCD =9
i
|
79
!
< i
i i
—1 | |
|
AT050-0 : =
ATD50-H24 BED-11 } HRCEO }
-1 i +;
A3003-H14 | 1 :

2-32  HBh SO ARG B
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Ratio of thickness change (%)

Ratio of circumference length change (%)

[—

40

30

20

10

0

® A3003-H14 4+ A1050-O 0O A1050-H24

g
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1,6
[ )
o
[ ]
l;‘ &
o @
A
u]
@
= o
O
Displacement of compression (mm)
2-33  FEMEZERTICNTS 2 ISR
® A3003-H14 4 A1050-O 0O A1050-H24
@
@ L
L
1
A
O ®
ﬁ @
®
0
@
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Displacement of compression (mm)

2-34 JEMEZALIC T3 % R IR
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® A3003-H14 4 A1050-H24 C© A1050-O

0 10 20 30 40

-10 Ha

-30 =

Ratio of thickness change (%)
o

Ratio of circumference length change (%)

2-35 WA L AR

2.8 JEAEIE % AR 587 L \WIRHEAY
2.8.1 £&ME X CHIEEL:

2-36 733 ¢ H B A EHARR I X 40T 5 A3003-H14 M &7 v 3 =
7 2 A1050-H24, A1050-O @ 3 fEDMEZ Fv-CHEE - iIRIEEIC ST 2 &8 %
X 2-37 IR, ZORMTIE, 7TV I RNE =L XV FITNAT 5 X4 DFE S
%, BIE 7 m e 20K, [X2-37 Tlt, THRRICEWT Ny F & 24 coli iR
7 7 v MERICHEMREL 5 2 C, Sy FEREROMELE Y v FIEERICH L TS 21595
1T % 2 & BRA IR CIXEBE Y — R 7L 2 (AR 110 b v) 2 L 7=

7TV I RNZ I Ko THEMAAE Z 10kN OffETHHRL TNV F%
6000[mm/min] DT LiAt & & CHIE R T o7z, »Sv F 233 2 micid 7
7 4 VSRR A AN RS 5 Z LT E T o7z, X T OMLIALEITZT T
3.82mm TH 3. 7k, SV FUHRIZN 2-38 DERICR1.2 HIED 75%) X4 IR IZ
R1.8 (MWED 112%) & L7, b DO FEIT T~ TEEORTIR A AE L CRE
L7-.
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R

2-36 M B DX

A Y7 AT
24
O
-
X
&
)
1 T T -
\ 820

Top dead center 3.32mm
(Omm)

Bottom dead center

2-37 B ORIE 7 v & 2 DAY

A K

(3.82mm)

2-38 #ERT 2% F50 R o HER (25 B)
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2.8.2 HUESOWTRIZK & PSSR

IS OWITH G E% X 2-39 1073, MEHC X 63, IgAE ORI —TH Y,
I OMBIAEMERIEIC X > Ty F Vv ZDEL 250 F - X4 REICHBIL T
BT ERNHB.

FJEH v 7V DTN 35\ CERIEGR > b ¥ v FIRE 2R L T 7 7 v VEiE TOR
[Ex<=A7uxX—2CHIELE X 2-40 3% Fnobtkhc T 2 850 PSS
ICDWCEE ORI & A - RIS 2 B L 72455 ¢ 5. JEfi - sRiBgE
X, EOMEHC BT EEIRTH 2 AIE DT H-25% (IRE 1.6mm 75 1.2mm ~
W) PEREINTEY. RAENE—TH 3.

i - IRIEEIEIC Bl RO 7 T v M ERICERRE 2N A T8 v FEEER DM
Ba v FREICHR L CREZE LT 2 2 LIch L7z, MRlodE: v FEH
D RIGIRICHERZ T2 L E 2 b5 DT, REKIE & - IREIE O T v
F R3DERIZHE L C, 2T TO NV F R1L2 OFER L L 72, EMEHCEH T 5
WES 2 K 241~ 243 1IR3, RHEIZ T35 R % R1.2 5 R3 ICAE T
% LNy FIBERICE T 3 REDOIA Il S v Cwvw 5, [EfE -SRI LB T Y v 5
B R BSKE WA, WEOWDMIHE W TEY, 78 R DIRA R I
BRRITT bbb

A3003-14 A1050-H24 A1050-O
X12-39  FAER L 72 0P ORI G

35



Ratio of thickness change (%)

Ratio of thickness change (%)

-A3003-H14 —-—A1050-H34 -—A1050-O0

0 1 2 3 4 5 6 7 8 9 10
Distance from center (mm)

2-40 FHER LI-MEEVORIEST (87 B)

—-—R1.2 -—R3.0

=35 L 1 1 L 1
0 1 2 3 4 5 6 7 8 9

Distance from center (mm)

2-41 FEEL 7% 745 RE A3003-H14

36

10



Ratio of thickness change (%)

Ratio of thickness change (%)

-35

—-—R1.2 -—R3.0

1 2 3 4 5 6 7 8 9 10
Distance from center (mm)

2-42 FERL 7=V Fig REW A1050-H24
-—R1.2 -R3.0

1 2 3 4 5 6 7 8 9 10

Distance from center (mm)

X 2-43 FEFL 7= v FiE REW A1050-O
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2.9 M3 HHEE
2.9.1 HWF RMETTIE

ARFERCIHIREEIZIC 35T 2 2 5 RGO 542 5 O3 B L RIETT RO U5 HD
BfRE NS 2720, 227 54 7 F~e—h—%2HC7ZlEE T 72 HEIRIEATIC
HohL®, L—F—7Y v &x— (77%—, LM2250) [X2-44 % CTHED~—
7 EMiE, OB BB O~ — 27 0Z LR HH O Ak EH T 2 H0E R T
OLYMPUS-STM7 [X] 2-45 % il LRHAEBOMIE i< 1 3ia 2 2 LRER %2 77 X 7 1C
N LIIEIC 72 5 K 5 ICHIE 21T o 7 e REE & [X] 2-46 1R 5.

REBRCIREOT A Z S L BT VT RO EEEL, K 2-47 ORRICEH
L7z

Brk~—213 Umm]OfFEE UChiv7z, HIESIISEY v 7L Cat 385 THh 3.
AEFEM 2 X 2-48 1R T

2-44 L—Y—~<—71—
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2-45 fE L 7z #lEds OLYMPUS STM7

OLYMPUS

ID No. J 5m289
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£ 3-1 HEHIHEE

0.2%iii /1 5 [5RH X (GE10N nfé
[MPa] [MPa] %
A3003-H14 124 154 6 0.07
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452 fHEH7 L 2
1100[kN]EBH — K 7L 2 f
4-5 1TfHH 7 v 2 a2 g,

DSF-CI-1100LY

Direct Servo Former

X 4-5 EEEH—H 7L A
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4.6 &Y ORI ZIALTRDEK
461 TAE%
1 THEE &)

B0 (D) CEERMIDERAREEZ LI Y B3 2 Bk TH B,

JEFER CERBIT 2 L0 (DEHE & BRERRIZA 2 — A& TR ()2RE
WIE D SR, 72, B TIRIZEE R S 2 D OIZIK TR I8 Z0A A T T & Ak
SEHERF G X 0 APRHEB ] 2AD D T—EERE KA L 2 & X 0 EER 72K
JEA E N 2 B ENEDH 5.

4-6 1AL D (1) THED THEGHE %2 7R 3,

4-6  #Y (1) TR
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2 TREH %1 (@)

O (2)13820 (D) TKE o 7RO ALY FIF2 X 5ic LT 2200
PRITHTT T, Z DI L IR EEERIZIR Y L IC R 538D (1) TH o 74448
ZEISFIRICEL T K ) IR 2 D THlRIIIRA I Z 5 2 L k. %
DRI Y 1T 5 D TR Y (1) TAEFX 4-16 SGER D X 5 ITTEIRDFREAZIHE L
FRIDSET CTRADFAEDIEN X 5 A SRIERICT 2 0805 5,

4-7 13820 (2) D TAEHE 2R T,

o (2) | | sy @

L<
J 1 1
]

4-7 0 () TFEE
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3TRH &Y (3)

o (2) THRYERIEPETIRICR 7256, &Y R BRZEZ P S/NELL
Ty,
4-8 1350 (3)  TAZE HH % 7R T

4-8 2V (3) TFEF ]

77



4 TRH  AIE1)
I TR E B A 2835, #29 R Z2/hE LTl
4-9 13 (1) O TAR G HE %2 R T,

4-9  FIE(1) TAEEHE
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4.6.2 SRS AR
D&Y (DRI oSN E %X 4-10 IR T.

s 1 [

\
/

() SGPH16-90)
/'r - \\ J— o Afl ]

Py
ﬁ/ \\
(©O))
A 7/

e
e
]
. s s |

SN
/ \
©
N

4-10 0 ()4

DY QREI DR E # [ 4-11 1R

C I

=50 1615

4-11 #&H 2)+R
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Y Q) D EHIEE % X 4-12 18T

C

.

SGPHI6-90)

ﬁCWS*WS

4-12 #0 (3)4HX

4) (DA D SRR E %2 (X 4-13 775

4-13 (D& RX
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4.7 SRR B X OB
471 #%

SRR LC 1 THEH. 2 TIREZ{To 72MH, Pttty 703584 L 7-.
THECHEARFA v MIX4-14 © AFOIRTH 5. X 4-15 TUEERTH Y (DY~
TR L) I D AR B ASIRIC 7 5 LD (2) TRETK 4-16 &0 (2) TA=H
THAEITEAD X 5 Iciihs 73541 3.
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e 7 oF4:

4 .-l £.
] T ¢l :

4-16 #& Y (2) TR T4 5L, S

417 ICERITREHE 2R, [ 4-14 D A R 2 ERIC O R EmE T
[AIDNZEEIC 5 FEDOME R DT 5. SCEERTRIEG CIX 4-18 SR okkic R
R VIC AR S 0, Z ORI X 0o ICHRAIGA SRS KK
wRICR>TLE S, 22 TRI4-19 offic, AR YHIBED X 5 k% 1E
LIRWK I ICHE L7z, ZOREE, B IBRIESIA RSN EE S, K (2)T
T T ICHEDIEL 7o 7,

- i i -
.. 5 W, /
\ : B

4-17 SCER TG
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EoThashe AN v s se s

X 4-18 CGERTZROKY ()Y v 7L

T ITX A VTR A
X R1) X R1)
e [
|
I
i EAZ] AL
I

______ ll________ _

\“/'771'*1'1
L XR A

ZFARY

SEE AT UGERR I X
4-19 SCEHTR OSTUANEX

=
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%Y (2)

B (DITRECdEZ L2 &ick b, &Y (2) cHElz T /7N - 72Rpc s
o TS, [M4-20,K4-21 D X 527 T v PHICIMElic 2 L — K icliF T h
5D THNY T OFEZPTC T & PR,

X4-21 %ER KDY (2) 7L 2N
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0 (3)
wh (3) oTETE, Y QDIROEIZELE LADLKY RE/NI L LTW
. BOEEMREIIR ) AR TR IAECHIET 5. [X4-22

4-22 %Y (3) 7L RINLEREM
JEIA(1)
(D) O TETIE, Y (2) To Y HEMAR 2 & TR TEDE RO TEOE T
L LY RZ/hE L L], EBREXGD RV E REDOIIICEELS T <
7%, [X4-23

4-23 BB 7L A0TSR
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472 HIE
BA VR TRERIE 2T - 4R 2 LT ioRd (X 4-24)

4-24 Mitutoyo <A 78\ X —&x—IC X BH[ETTE

HERZA MRS, X 4-25~[X] 4-28

X 4-25 #0(1) GHIES
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4 4-27 #9(Q) HIER
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X1 4-28 AJE(1)  HIE S

SHIE vk
473 HITAEHR
B HI[—= %t \ P V
IRIEHIERE R Z AN IR, [X14-29
FPET HA99IP-0  HUE  t=1.0m/m
1 2 3 4 5 6 7 8 9 10 11 12
v (1) 1.00 [ 1.00 | 0.99 | 1.00 | 1.00 | 1.05 [ 0.97 | 0.93 | 0.95 [ 1.05 | 0.98 | 1.02
% 1.00 | 0.99 [ 0.97 | 0.99 | 1.00 | 1.00 | 0.88 | 0.94 | 0.95 [ 1.03 | 0.99 | 1.03
%Y (3) 1.01 | 099 | 0.97 | 1.00 | 1.00 | 1.04 | 0.87 | 0.94 | 0.93 | 1.o1 | 0.99 | 1.02
I (1) 1.01 | 0.99 | 0.97 | 1.01 | 1.00 | 1.05 | 0.88 | 0.95 | 0.95 | 1.03 | 0.99 | 1.02
MIN 1] 0.99 | 0.97 [ 0.99 [ 1.00 | 1.00 | 0.87 | 0.93 | 0.93 | 1.01 | 0.98 | 1.02
MAX 1.01] 1.00 | 0.99 | 1.01 | 1.00 [ 1.05 | 0.97 | 0.95| 0.95 | 1.05 | 0.99 | 1.03
AVE 1.005| 0.99 [ 0.98 | 1.00 | 1.00 | 1.04 | 0.90 | 0.94 | 0.95 | 1.03 | 0.99 | 1.02
Thickness Measurement
1.10
1.00
" By
9]
b &Y
S 090 site
A #UY(3)
3) )
= (1)
< o080
1 2 3 4 5 6 7 8 9 0 11 12

Point of Measurement

4-29  MRISHIERS R
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4.74 Wi
OLYMPUS-STM7 %] 4-30 ZfiHH LAY, fiflgo U CllE 2 T- 72, [X14-31 IcH]
BNEERNT.

4-30 fE L 7=3E s

WA E 2 LA NIRRT, X 4-31

m HE

X 4-31 WimEiZAr
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4.75 WiHEE
WIS E 2 A MRS, [X14-32~[X] 4-36

X 4-32 A Brmigizg

X 4-33 B Krmigis

X 4-34 C Wi D Wi
90



[ 4-35 E Wiiies F Wrmm#iss

X 4-36 G Wrmigigg
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4.8. g

1) BY(DTREL TIITRY . &Y (2)T 1oz T2 Tikic kv, Joii
JEITxf LT ORI % R 13% LA M ITHI 2 72,

2) 20 (1) TR 4-37 IR TUERIRD X 5 i, Mipsb e 3DERIcT3 2T
Y (2) X 4-38 DffIcHTiLe 7 DFAZHNZ 72

3) BYQITHWT, LTEEORAICR S & BN DT, SEERORER T 7
VIONINCEEI L T3 2 & HERCX 77,

Y (1) »ofh (2) CTOREOH

X] 4-37 #Yv (1) [ 4-38 #b (2)

SO EZHE Y DB, 2 1R 5 O TRIDTHHER A O A X 4, WIS &
LGRY (DT215rKRE L TIITRDY, &0 @)tz TiFsc e c2ilie 32
iR B LT ZDITEIC X o T, ERREECTH o i MEsiitisk s < &
DEIFE N, COTEREHTEZLICL Y TA I =Y M EHW-RIER Y ©
BHIROBIEATREL 72 0, B oRE(L, ML, & LIcETcE 2.
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B5E L RE— T a VHlH &I X 2 EERIERK O R
51 #%E

HENE R ©I1L, BREREOBIN 2 b LR FEoPEHHIR S Ko 5Tk
b, HEIEOMEN L2 HWE L -HEoBRBEILAED b T\»5., 2220 58]
b, HBEMEC B W T~ T~ T U 7 AALRER, iR iR a)E,
HEMB R EBHwbNTw 5, —fikic, @komERm L35 ks 7L
AT 20, TAREAETE, &0k, R LERE)BHT 2 2 L AHL
NTw3, K5-1TICHBHEICEZHWLNLTWwE Ny MEIRO 7L 20 T8,
AT, FLESECH EOWHIC R THOEENMTIEZ, KhYSeR 7Y v
Ny 7 lwvo LB ROBENE L, REHEES BT 2. EHLD—A
FIMTTEEZ Fe—lEn o 7+ — LRBICEHE T 5 2 & T, miRIMKOE
REAGEZ M X2 2R %2To 7. 84 7 v (JSC1180Y) ZHwWwT, F
7= L 7 4 — LY & N L 72 RO TR BAS ME o & % [X] 5-2 1SR T,

Mild Steel (JAC270F) high Strength Steel(JSC780T)

X 5-1
Draw forming Form forming

I |. r
|

| \,' [
| \ I

| L1




HEIHE DL F <7 U 7 X 0 @RISR IESRHM B 03 % < v s
5151 oTECn3, L OHBHEGLMIT TV AKIZIC L s THIZEINT
BY, HEHOALTFT 2T ) T MEICIE, BLERY TR 4 2 BUEA R A3
L 7o T d, ki, SRR A BT 5 & kA 7 7L R (I 21,
ek B, RO, RELERZO)BHT 2L RHLNTY S, FRICIR
HAGTEIC BT, WO TERE 2 2R S € 2 HEEMICE TR E 2 fH
ETH 5.

52 TEHK

Fu = EAER AT & 28y F 2 LIARBIE S 2 KT, 74— L5
BizefoRih il 2 s 2, oM 2 BRICBEI S ¢ 277ETH 5.
ML EZZES 5 2 & TR ER Ez R T2, —7T, MLTELR
EHFT LS OBEME 005 2 &2, Fe—KETORMLTE RV
BB ERETAYV Y MDD, £ T, @MELZ B & LR
R E3T3h5EL LT, =K 7L RICBITEE—v a Vil & EEICERL
7z.

TV A=V 3 VORI EIGEIC KT TRHEICE T 2 8HE 3% »28, HfE
GERE D BT A RS D OB, FEFTZERES O I O IEIR S, Bl RS A L2 H
feahnTesy, HEEICS S HCOR T3y ARG O R RS T
FICEH L2947,

SRAEZ 2 el REHEE R EX 22 5ko 2 0H e LCElIcE
HL7. T co 7L 2MLi2 GHFmERv TRy, 7L 2B
BOTHEMERA S LD XY v ML, Mk TEMOBEEREKR, Bl
U b ofifilic X 2 BRAES TEEGOm L, Lb, ¥X, #lharoRitic
X2 BESKT ORIk, WEZNE, REEEICXVPifFEEETH D,

BIEMEIO BIENM T O ¢ b KR D 7' L 2RI B wC, TR HgInT
PR S IR 3 2 BEE ) o FilfEIx, I T O A % P 2 BEAFETH 2.
207, #HidHE w25 2 L CRREEER R 2ila 7, Hiko 7L 2RI
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I BT I 2 W CHIERRFUE % 17 X & 2 P98, TS TH o HEE R
IC X BEOMEIEL S INTwE, —/T, TLAKE~O#MEORE I
THHMEDKEIE, LbREne oz IEARZIMHT 23 DTHY, KV
PCARTY vy ofpRERER LR B LT 2 HE DR,

RFFETIE, HEHETE Mo T3y SR oI R sk % £ 7
CHIGIEREE S 5 C e B REREEm Li s s b HWE LT, B
RHAEEIC RITT 7L 22— 3 v X NEBFOFE > WA, B
L7z, £72, BIELRICE T 2MBI oL Zticlg 25 & T, &5
LB T 2 IREREDHEZ KA =X L bEHE L 7-.

5.3 M B X OEETTIE

5.3.1 fiEAH

JSC1180Y t =1.2mm

#*3-1 HWHEEE

M 1ZHE 1.2mm, 1§ 30mm, £ & 150mm iYW L CEBRR & L 7.
BIERED N Z Y FICOWCTHTHET 27201, &F&c3loRERA % lE
L7

# 3-1  BRMAY M E
gl X | Ml | o | v tbE
[MPa] | [MPa] | % | [kgf/mm® | [g/cm’]
JSC1180Y 1210 860 14 21000 7.87
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5.3.2 fHH7L 2H%
1500[kN] BB — K 7L 22 HH L 7-.
X 5-3 ICfHfH 7L 28 % R 5.

X 5-3 fHAH 7L 2B

533 L AE—va v EfHERASR

7L AL, RAME 1500kN +—FR 7L 2 (7~ &28) %A L Cl
HOZLAMLTHwONS 1EO ETEHMLE—Y 2y (EE#HE 5spm)
EH K ETE 2RI TET—v a v OIBEEREZITo 72, K 5-4 1IR3 T
Lo tEiE—v a vicB T 2 0EEEIE 5spm, 1 [EICSTENICEWTER O
FRERZ 1mT—EE LT, FEEL 1.25 1.5, 2.0 mo 3 FEEICHEL 7.
Thbb, LTEHOXI74 FEIZZNZE10.25 05 1.0mTH25. FMrm@E
BT T Sspm OFEECTHEME LRI/, X 5-5 0BTy PR E
MLF 3 Fa—fEErEfHmL 7z, BIBERO N7 DFICOWTHET 27201,
#ottc 3B 2 g L 7-.
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TLAE—T g Vv

Repeated ups and downs

=
=
i
[=H
2
&
Time
X 5-4 ¥y—F7LADE— 3 v DM
{5 i < 7Y

170

L )

¢ —— . —

95°

SOl

SOl

pel

09

280
B 5-5 fEiH L7288 o X
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5.3.4 {EATERE

M, HARTEMRSSH® D G-6231F TEmz#HL 2. Z ol
HIZEROITIRZ Pl IC@E L T3, Fifle LT, EelilEL X 2T
HLH-0, MLEBETIC =AY 2oL Z7HIRINFRETH 5. WM D T
—2 XY, 1IHETH 80%, 2 KfH+ T 100%HHFE T 5. BilE - vt LS
WE -, HEEGRSIITEBEHZ w2 L2138 v, KEEHIEBE -
LR Z(T 5 RER R W20, HEHEESO 7L A ICE S 2 EEHTH
5. kb, AT 7L AMLOERNICEERF REICEFEhEZ®BHEL T, %
Digd CICIEERR 21T - 7-.

5.3.5  JRAREHE P o BTG 75 i

5 -6 X~y ML GRERR) oBEIIRTH 5. HiFMEIL 95° ICERE
L7z, —MOCTPIRBHR ML 7 7 v o R IECiHMi S LT 528, HRib3 5

TG A 1= X L% T2 &, X 5-6 1R d X 5 ITIRBAETER
Rix, & (UEY = 7H e GEohiFErcsd 227 v 7y s
L7 CREICB T ARV ICHRT 228 TE 5. 22T, A TII~TEI=—
va v eBEEARY ERATV VI Ny s ENEFNICKITTREICOWTHEL
7o, T2CEED ETMARALERE Y = THOMED S 72 CRE T o e v
r 7HOMEERLERL2E (D-Q) ZKY ME, - BETHOERE Y =7
HOMED» LS E T 2MTAELFI R LM (2-95° ) X7 ) v 7
y 7 MELER L. WEHREIUTO@EY b 5. T FRBAIREMRKIC
L—ZAL, AF ¥ FICLWETFT—21L3 5. 2Dk, 3 Xt CAD Y 7  Solid
Works ZFWTH 5-7 ERLERYV AL RAT Y v 78y 72 MERZHEL 7-.
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Flange :
. 3’7”_.,, = Distance between flanges
1] ‘ — n——ra

\
&_‘ 7 1 ]
95 a'\ ertical :“

\
it wall f 45mm

< 40mm *>
Shape of product

5-6 -~ RIS G oMK

[Camber angle]

®-@

[Spring-back angle]
2—95°
X 5-7KY &ERTY v 7Ny 7 DNFE
5.4 BB R
5.4.1. REREMICE XIET 8- 3 v
I WT 5-8 IR d. M ofko

KO AEICKRIFTTTET—v a vogZ
BEEE DT — a ViIcB T 3 EEETH L. FHE—v avIictoTRY

il
AP LT3, —J, ~STEH1EICET 3 TREICIZEZ N, 7Y v
TNy JHBEICKRIETTEITE—Y 2 vOEEERX 5-9 IR, Y AEICXL

=

AT D H T,

TATY IRy 7AEII/NE L, ~STE'—Y 3 v OE
STEe— v g VIR IC BT A ofIFITish R I Th b, SFEh
FlCEBT 2 FTHREORZE IR\, £/, A7V v 7y Z7icxtLCld~ta€—

va VORhEITE:,
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14

—_ —_—
(e o

o)

Camber angle (degree)

14

12

10

Spring-back angle (degree)

No inching 0.25 0.5 1

Amount of die descending per one inching (mm)

K5-8 af=vrZE—vavicbBllaKhHE

&7 L 0.25 0.5 1.0
Amount of die descending per one inching (mm)

X 5-9 ~St#EEe—> a3 ICBIFAR3RTY) VI Ny JHE
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5.4.2 JRIREAEMIC B XTI ORE

Y ARSI O EICOWTH 5-10 IRT. &k, 7LRAE— =

VI E R TR VEFEOE— FE2MHL 2. FRX Y EEmo@EH T Y A
BIEMAPLCnd, A7V v 7Ny 7 MBI KIETEEORE%Z K 5-11 1R

T, EEHOBEHCTA T Y v oYy ZMEIZHML Tw 5,

M ARG TR IC 310 2 ) OIIFNC IR TH 253, ATV v ooy
71 L iR 2 B L T ¢ 5.

Ny FERE O F e —iBic B w T, JBREEEICIET Bt - ave
EHEOREIKY & ATV v 7Ny 71T L CRET 5 &2 % EAME G
B bW E R o7, RETIHKIE v X 25 FlIcBIZL T, 20
JHRIC DWW T EET 3

14

—_ —
(e [\

o)

Camber angle (degree)

No lubricant Lubricant

4 5-10 WA LB S Y M

101



_.
o

—_ —
AN 0 (=] [\

o

Spring-back angle (degree)

No lubricant Lubricant

{511 270 v 275y 7 fEEIC RIETHEEOBE

543 M7 o x=x

AFFRCTHEAL I —FR 7L ROFREZEHLC, AR A7 4 FETael
REILEECHRE 7 v 2ICB T 2 M LM OEE R B L. ZOfE
[ 5-12 19, TR OME IS OHIALE 45mm TH Y HIE 1L Z DI
HTHRTT 5.

BOIC, FARTHELCTT I v 7R X ClEEINZAE (M) e v
FHEMT 5. W LIALRR 10mm OR Ty = 7HIAEGOMTEBEE I 3.
Thbb, Ve 7HWEGOMT (RFY v 75y 7)) 3WIHBRE O BRI CikiE
IN3.

AZEZBC LTV & 7T v 7 R & CREIE X NMEDS & 4 JEER %
WL THITOoNTRAT 2. 2Dk, TS N7MEHL 7 TR CIERIZIRIC
%, Zo7uaexd [MIFREL] LI, MESHITEL SN ARSI
ALT, »ny PO CTELEBIER I NS, 20k, I LIAARE 45mm CTHIY
DT T2, B LAZRICE T 2N IMOLBTRE%ZK 5-13 1IR3, X4
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DIFAZ L L HICT7 T v VHOMEIBENGTW L, XA JFHEE %@ LTl =
LIk, =CBEZIERT 2. T4abb, ZTEEHOKY IME IR
LIBRCREINS.

PLEDBIE DS, ~y PG O N u — I 1) 2 ARG TE 1 7 CBEY
OHITFTRELICXZKRY & v = 7THAEL DT FRRTYV VI Ny D20
DERIGEERZITTVWE I ERbhr o7z,

L7zi> T, KO E2WHFT2720i1cid, MFRLICET 2 AR EEBE 25
Z&, $bb, XAJE REZMELEE T 5 BRICHn T & R o B %
KR E 2 L DBMENTH .

StEhE—v g void, ESA (X4) 2B ETEIL 288 58N TA % BE L <
WL BRI BRI ON I & EeRI2EEN, 7z CREREREO LR
LB T O EE RN E < 72 5. SKEIMEICIZ TR & PORHE o MM S EE A3
W3 % & BEREEARAST L pRHIbNTwS, STEiE—va vogill
WM THM OMENEEEE X 1.25~2.0mm THEZOIHL, fHE—va vEHAL
o 72 GG OEENEREL 45mm TH Y, KRELREND 5. BHFEHE/N S <
752 LT, BEEREDNE KR, S8 PN TR o BEEANE X, dh
FRMTR LEOARMMEA L Ex2ONS, 72, HEMEHERAL ZHS
T, BN & SR OMICHME DS AT 5 72 D I BEHEDMEIR L T D A3
INeEZLNS.

R, A7V v 7Ny 72 OPFHHCOWTELE T 5, K5-14 1IR3 X Hic, #
a L ER D UIANE ¥ v FJE RIS B W TR T 23 i o 5 & L1 X - TP
INb. FABETTLBRICEAE RETHHEMIM AT 55 2 &5
v FE REBOMFICITFERNBMEAL T2 Z &b

T Tic B3 2 i E OIS/ IRRE % [ 5-15 1283, MR SMANIE515R, W
HNIEMEDICH BFES 2. HITERERE T 5 & 2o DIGT A3 ER L 72 KRET
WHEIGHE LTIFELAT Y v I RNy I BRRET S, 2070, IBnfik
S EENEFRATY v 7Ny 7 FEAT S, IR AN 722 o i L%
T2 7256, PP EMHAIC TN S 2 & THlRIGH IR T N, JST15310 1%
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BH—icked., XoTRATYV v I Ny 7 3EAPT 5. HEICE>TATY v N
v 7 IS B R B IO N 2 £ 4B REOFIRNMET LT, YV T
B REOHMIFICIH T 2 5RMEDNEIMEIIL 72720 TH B LEZLNS.
VbR Z Y2 DD 3 7=, KTk X BREFEEIC L ->T, 7~
TESIVCHTHor—2 7077 A0 liig2HET 2 2 & T, KM,
FKHDOOT AIREEIC O W TREST L 7=,

Stroke 30mm Stroke 45mm

X 5-12  #2i0 TH o 28 TR
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Stroke 10mm Stroke 20mm Stroke 40mm
: i‘ " ) . ST " £ ¥ B

Bending Unbending

5-13 HFW LIALRICHE T 2 # LM 0L LI

Stroke Smm Stroke 10mm

Bending Tensile bending

5-14 R 7Y v 7Ny 7 o]
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ion (T) :
Tension N Tension

Tensile
bending

Compression

Neutral

i Neutral,
axis

axis

5-15 #FMIc B3 2 fhiFE oGSk g

5.5 X #REHTEE IC X 2 BB O K O3 AR A8 o

X FREHrEEE S 27 v 7 TEKRASHE 41 -X360) 2w TlEMmoE
HOFADIREZFHIL 72, FEETIR, B HArb X2 AH L, B
L VBT 20T XA (FNA8) Z3HI3 2. BT X Sro il 13 484
Flonhr % LB S 0, MRIAIZ T 72 0 F BV K & il » K& <
7% 12). ZoOFREEFE L TEIEM O 72 TEE L i o £l 0§ A RREE R
L7z, K5-16 TR X 51T, BIEM - 7= CREDMIERE T L, M TR Tx 4
JBREEMT2H4MITHY, 77 51 0~3 0moHPHT5 SHE L
7. v 7o FRicovCisMilcd v, HEHIE (30m) %4555 L
7= 3 S CEHAIL 7=,

B 5-17, 5-18 1, 7= TEEICH T 2 MR HER R 2R d. X 5-17 (3~ 8
E—vavog® M5-18 IXHEOME L ENZIRL TV, ZTED LD
BATICEWTHTEE—> 2 v I X - CEifE2ME - TH DY, T
FFICZ T2 0 FRPNE e brd. Thbb, £4J8 REEME2EE
T3 L XIS EBARTHE—v a v EEIFIC L o TR N T B, X 5-
19 12, HhiFHics T 2 B MEOMER R Z RS, HE L 256 30 %
BT RTHITER O L MIES K-> T2 B0, BTFHO T RIS W, T4
bbb, ML 2GERRE TR X ICEBICRRNT 2 2448 REo515EN
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PMET LT, ~vFE REBoMFEHIcB T+ o il RU0TAEE5 25 20
TET RNV v I RNy oLz #E2bN5,

Flange side

u

Measurement position

4 5-16 % o HIE S

et
=

»
%
'
/
]

No inching

el
Q

Half peak width (degree)

Inching

»
=N

3.5
5 10 15 20 25 30 35

Distance from flange (mm)

X 5-17 ~f8je—3 a v OEEc X 2 EfE
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3.9

3.8

3.7

Half peak width (degree)
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