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— + 2 kesin2¢ — - 2 k-cos 2¢ — =17
ay dx ay
ONRBMMEOMOFERZBRIZILICEIVEDLND. ZOFERXOHEHEBIT
dy
— = tand, —-cotd  ceeaens (2-2)
dx

THEZDON, RREAHBEIRLE —%T5. 28, KITANMBRENTHS.
Eh, TORCH> THIERKXQC.D,Q, )2 THiE, Hencky o FER
EHENDIRABELND.
p + 2k¢é = Constant, along an a-line
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Fig. 2.1 Hencky-Prandtl net of a-and B-lines
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(a) Slip-line field for type 1 , 6 = 10°

To origin

To origin
To origin

To origin

e ____ Exitvelocity
Entry velocity

I
‘‘‘‘‘‘ BEE), (0.CE)
Vo
v
]
E
BR ¢ ]
(A% Dy ,QL)

(b) The hodograph
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(c) Variation in strain on die side

1.0

Va / Vo

(d) Variation in relative velocity on die side

1.5 —

Pd /2k

(e) Distribution of contact pressure on die side

A 0

(£f) Contact surface on die side
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(g) Contact surface on punch side

x

N /
sl

a 1.0

(h) Distribution of contact pressure on punch side

1.0

(i) Variation in relative velocity on punch side

y l_
1.0
W

(j) Variation in strain on punch side

Fig. 2.2 Slip-line field for type I
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(a) Slip-line field for type ML, n = 2°

Exit velocity

. To origin — — — —
To origin _Entry velocity
a (AHDE), Eg (¢.0>R
To origin Vo
Hr
To origin
Fat

(b) The hodograph
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(c) Variation in strain on die side

Distribution of contact pressure on die side

A C o)

(f) Contact surface on die side
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(g) Contact surface on punch side

(j) Variation in strain on punch side

Fig. 2.3 Slip-line field for type II
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(a) Slip-line field for type I, 6 = 10°

To origine - - --EXILYelocity |
. . Entry velocity o origin i
To origin !

To origin

TO or,‘g,‘n

(b) The hodograph
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(c) Variation in strain on die side

(e) Distribution of contact pressure on die side

pose
-
=

(f) Contact surface on die side
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(g) Contact surface on punch side

Pc /2K
N

(h) Distribution of contact pressure on punch side

/ Vo

1.0F

~ Vc

1) Variation in relative velocity on punch side

1.0L \l\

(j) Variation in strain on punch side

ec/eo

Fig. 2.4 Slip-line field for type 11
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(a) Slip-line field for type IV, 8 = 5°

Exit velocity

To origin Entry velocity Toorigin————== === —]

To origin (AL R (pdgM) QL 00R)R

TO Or’.gfn

(b) The hodograph
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(c) Variation in strain on die side

O

>1.0r —

~

R

>

(d) Variation in relative velocity on die side

(e) Distribution of contact pressure on die side

-

A D H L 0

(f) Contact surface on die side
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(g) Contact surface on punch side

1.o|—\ ——

(h) Distribution of contact pressure on punch side

Pc /2K

Ve / Vo

(i) Variation in relative velocity on punch side

]

L_
1.0|-

€c/€o

(j) Variation in strain on punch side

Fig. 2.5 Slip-line field for type 1V
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Fig. 2.6 Normal and shear stresses acting on slip lines
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(a) Basis for analysis of strain due to continuous

variation in velocity along a line

(b) Basis for analysis of strain over a plane of
{
velocity discontinuity Y

0

(¢) The hodogragh

_31_



(d) Mohr’s Strain-rate circles

Fig. 2.8 Basis for analysis of strain
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(1) Container holder @ Container

@ Testcup @ Die (O Dieholder

Fig. 3.1 Internal ironing test apparatus
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Ironing direction

Table 3.1 Ironing tools

Die

Container

Material S55C(HRC=SU)

SKDI I (Hre=61)

Surface Rmax=1.0 um
roughness | Grinding finish

Rmax=0,12 zm
Lapping finish

Dimension | Semiangle, 8°
Land length, 0.2~0.5 am

Ironing reduction, Re : 10%, 20% » 30%, 40%

a) Container

b) Die

Fig. 3.2 Surface appearance of the container and die
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Table 3.2 Mechanical properties of the rolled sheet

Sheet Roughness | Poisson’s | Young’s n-value | F-value
thicknes /mm | Rmax /um | ratio modulus /MPa / MPa
0.80 1.52 0.33 68600 0.24 168.0

Al gl 57 0

Drawing direction

(a) External surface (b) Internal surface

Fig. 3.3 Surface appearance of the test cup
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Table 3.3 Lubricating conditions

Container Die
side side
Lubricant Dry P2 St St
Yiscosity
¢St (20°C) — 18.3 5119 5119

Ironing direction

Strain: 1ln L/Lg _
Variation in indentation dimension: b/b0

Fig. 3.4 Micrograph of indentations
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Contact length with
container Lc mm

Fig. 3.5 Comparison of measured and calculated strain

in surface layer for Re= 21.5%
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= - —— Theory

—o—  Experiment
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Contact length with container Lc mm

Q

Strain

Fig. 3.6 Comparison of measured and calculated strain

in surface layer for Re= 40.5%
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Fig. 3.7 Variation in the strain in surface layer
with contact length for Dry, Re= 21.5%
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Fig. 3.8 Variation in indentation dimension with
contact length for Dry, Re= 21.5%
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L 0.5mm ,  0.1mm

a_

[roning direction

Fig. 3.9 Variation in indentation appearance with
contact length for Dry and Re= 21.5%
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Fig. 3.10 Variation in the strain in surface layer
with contact length for Dry, Re= 40.5%
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Fig. 3.11 Variation in indentation dimension with
contact length for Dry, Re= 40.57
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Fig. 3.12 Indentation-disappearing process for Dry, Re= 40.57%
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Fig. 3.13 Schematic mechanism of surface-flattening process
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Fig. 3.14 Variation in the strain in surface layer
with contact length for P2, Re= 40.5%
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Fig. 3.15 Variation in indentation dimension with
contact length for P2, Re= 40,5%
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Fig. 3.16 O0il overflow process on container side
for P2, Re= 40.5%
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Fig. 3.17 Surface-flattening process for Dry, Re= 10%
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Fig. 3.18 Surface-flattening process for Dry, Re= 22%

_54_



0.1mm

Ironing direction

Fig. 3.19 Surface-flattening process for Dry, Re= 327%
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/M /D
S | Test cup | -
___-_\/ L ! :
NN\ \a\b \f\\\\\c\\d AANNNERY

Container

Fig. 3.20 A model illustrating the contact situation
on container side
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Fig. 3.21 Variation in surface-roughness with contact

length for various Re, Dry.
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3.22 Variation in surface-flattening and precontact

length with increase in Re for Dry
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Container

Fig. 3.23 A slip-line field for discussing the surface-

flattening mechanism
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Fig. 3.24 Comparison of measured and calculated surface-

flattening length for various Re, Dry.
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Fig. 3.25 Variation in surface appearance with contact
length for St lubricating and Re= 10%
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0.1mm

Ironing direction

Fig. 3.26 Variation in surface appearance with contact
length for St lubricating and Re= 40%
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Fig. 3.27 Variation in surface-roughness with
contact length for St lubricating
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Fig. 3.28 Variation in Lab and Laf with increase in
Re for St lubricating
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Fig. 4.1 External ironing test apparatus
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4.3 HBREKMH

I TRRIEKY— LT EMITLE, MI&LHE2AY,

B Eo v

ELIXABRAXAM I YT EL, ZONy FTOARKHERIIAVE Y FOET NV

ERDBEYA—RERE DT .

BTdh 5

EEOERRLMITFHIZ 3.3850BEE5 L2 [

HHERME LT, HOREZHCAETITHBHMAEEOCOREBZADILDITNRT

T4 REHIE(SL, P4, P ERA W

FOHREFRLI-2ITHRT.

AP OB TBRBZRTTHOPIOIEICR>TRBHFLE.

LT X HEI200& 4000 278, LT EHEIT0. 35mm/s& L.

TRTCEEWEXICERENWEERZEATT - .

Table 4.1 Ironing tools

Die Punch
Material | S55C(Hge=60) SKD11 (Hpe=61)
Surface Rmax=0.35um Rmax=0.12 z m
roughness | Lapping finish Lapping finish
Dimension | Semiangle, 8°

Land length, 0.2~0.5 mm

Ironing reduction, Re :

10%, 20% , 30%, 40%

Table 4.2 Lubricating conditions

Die Punch
side side
Lubricant P2 P4 St P2
Viscosity 18.3 321 5119 18.3
¢St (20°C)
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Contact length with die Ly mm

Fig. 4.2 Comparison of measured and calculated strain

in surface layer on die side for Re= 20%
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i Re= 41.3%
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Contact length with die  Lg mm

Fig. 4.3 Comparison of measured and calculated strain

in surface layer on die side for Re= 41.3%
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Fig. 4.4 Variation in the strain in surface layer with
contact length for St, Re= 20%
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- o Ironing direction
. a Circumference
direction

o

Variation inindentation b/b,
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Contact length with dieLq mm

0.5 ! ! !
0

Fig. 4.5 Variation in indentation dimension with

contact length for St, Re= 207
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(a) Contact (b) Enlargement of

surface indentations

Fig. 4.6 0il flow-out process on die side for St, Re= 207%
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Fig. 4.7 Schematic mechanism for flow-out from oilpit
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Fig. 4.8 Variation in the strain in surface layer with
contact length for P2, Re= 20%
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Fig. 4.9 Variation in indentation dimension with
contact length for P2, Re= 20%
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(a) Contact (b) Enlargement of

surface of indentation

Fig. 4.10 Micrographs of indentations for P2
lubricating, Re= 20%
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Fig. 4.11 Variation in the strain in surface layer with
contact length for P4, Re= 41.3%
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Fig. 4.12 Variation in indentation dimension with
contact length for P4, Re= 41.3%
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Fig. 4.13 0il flow-out process on die side for P4, Re= 41.3%
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Seg | % o St, 41.3%
S5 . a P4, 41.3%
.g S Container side
gE - ® o P2 40.5%
B A
c 1 1 1 1 ' ] 1 1 1 l
0 0.5 1.0

Strain in surface layer InL/L,

Fig. 4.15 Relationship between the strain in surface

layer and variation in indentation dimension
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Materiag] A2

Punch

a: The outset of plastic deformation in surface layer

Xe: The position at which 0il film thickness
becomes uniform

! The position at which oil film thickness
reaches the die surface roughness

Fig. 4.16 A schematic illustration of contact situation

Die
SN N NN NN AN AN
777_73& (///‘
! ‘{; a i?
£
Material

hb: Oil film thickness in boundary contact area
hO: Oil film thickness in oilpit

hp: Average o0il film thickness

Fig. 4.17 Definition of oil film thickness
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Contact length

Average frictional
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0 a X X
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n hb ft
n e ——— —— — vl
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g p
= -
+J
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—
-
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h o
|—Q
o
o

(a) Variation in oil film thickness with increase

in contact length
-
9]
9]
)
v
)
[4p}
a < X X
0 X Xf s

Contact length

(b) Variation in average frictional stress =

with increase in contact length

Fig. 4.18 Schematic variation of oil film thickness
and average frictional stress with in

increase in contact length
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5.1 %%

MECTHEMAT IR 2MoMEZH2ERL, eI VE Y bO
BIEORFRZRLTIZODOLEHEEZEZE LELHER, FHREZ2ERT 20D
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HMERDOLD OFRERFMHEEZFRHLL L.

|

5.2 HERFEBIUERSEM

5.2.1 ZEBREE

AERICBWVWT, TEAAOERFEZENKIML) 2ZREEPLETD
5. B LEHARIV-LZEMIEBOFERLEZR-IKFT. RO TFTDDEE
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R FRBERCFERTIERIOAEFE
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MEKDODBND. LIERTHR, APV vV I7ARBELT, T8k
ARSI NG, P PRMDZENTED. LI &R S QBRI EA
TOBBAF ), B UTALICUATERLTH LIV EBDND. ZORKRE,
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@D Press head (@ Die (@ Die halder
@ Punch ® Punch haolder
® Pressure block @ Load cell

Ram Press bed

Fig. 5.1 Drawing-ironing test apparatus
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P: Ironing punch load
Py: Punch head load
F £ Friction force

P on punch surface
c after ironing
de: Friction force

Fd Np | on punch surface
-k4§§J*'p , 8 in deforming zone
Nd / ]

|

N

N

°
\/k

F .: Friction force
! A Pl 5n punch surface
TFpi before ironing
Np: Normal force

on punch surface
in deforming zone
P Fd: Friction force
on die surface
Nd: Normal force
on die surface

Fig. 5.2 Forces acting on the tools

d ~ @ Punch head
‘ :f @ Elastic medium
\_\§ > T @ Punch core
i)l ¥4f>>__j%3 @ Punch sleeve
N 5,74\\@) a Strain gauge
P8
\/ ;/\
N7 =GN .
I/\ 3 ; I
: ZN L g //
Iocz=8°

a) Constructed
punch b) Die

Fig. 5.3 1Ironing tools
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Drawing direction
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EDoFANVEy PRABREL, BEBHEIRILEAERZLLRY,
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Fig. 5.4 Surface appearance of the test cup
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b) R EE

Ho-5C LT ZRBAI v 7ORSFAOBELE{bE2Z -y . ERELEHKLE
LIEABRAA v 70HG  MEX Dy THSCHERLS —ETH 5 (Hv=27.5) .
BERELEMEIARVELYVOETFOLIEZABRAY vy 7B LT, B ST,
Ay TEHMTECIRNTEHEIOEMICE R VHRATEMNTIN, 55 8L
LETHRRBBLR-ELRD., ZOXHIRWERHFTL»BART, ERELEIZEZ
ERVARAAN Yy ZTIZBVTY, LIEMIKEBT2EAMEMBERS T UEE
ZHNCREFETHEESoTOZLE R, LIETER DI EEU LItk EHRTE
DHb0DLEZLHND.

60
A
0 50
o a As—drawn cup
5 40 s Annealed cup
o]
j 30 g3
)
5 201
> Angle to rolling
10~ direction:Q°
0 l |
0 10 20

Cup height h / mm

Fig. 5.5 Variation in vicker's hardness

with cup height
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ARBREZBWT, WFHBRFOHRABE2DT 220, BOTAHAEEETE
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TOMBEEHEIBELNRZ Y., ZO0E®, ZTITHE, BLDODRTLITZRKCE-T
MOTHREMNML, ZOFOFTHMELRYRRT 52 LT Lo TH B4 M@
ERDODDIZERX L., LZERBRAIY AW AFEEDO L Z &2 FERe (29%, 37%,
41%, 46%) =2z, B5-6 WART LHIRHM/N—®BIRY RARAZ I v 7 O -8
MHBERIRT S, ELT, ZTHhiZ3IKkYRABRE2BEL, TAFhOBRE HE2KD
5. TOBRIEIE, MERKEY, LIZRZLIVE5 2603 FOFTHRECHE
TOMEEEZ, WMEOHRZTFOTAMEEZREAE LT ey bL, 04
MELTHMEMBERDS., ROVIKIVPFE->LHLE O TRy BH Yy TOE &
HHIZEAET IR, BEUHEIy PEEOFRIEBI ML VT HATRELS Y
5. MEUOTHEZERTHLE . HEAOFTH s JERDOES> TR B,

l ru2+ R§
g = =— ]l n ——————— e (5-2)
d A3 2 r2

2
T2, rollBRYRCFER, R T TV 7 EEGIINTH 5.
LIERXEV B BMEOTR . WHAFRVOTARZERTLE, KO XD

1

£ = Jg— 1 n(l-Re/100) ... (5-3)
BEOHMAVSTSR e =y + ¢, OLR{LBEIE~.IThok. Iy
DAFEORFTHEZNDD, By Phb, BUHOEEFMIZH LTI, 45°,
90° D 3 FAITHIET 23 RARA ERM U TREZIT o . B dh 12 n R A
ERDZRIBEEZEMLT, ROEnBHEFEZR-ICTTN, BEHEIZH
EERESB AV LBDNS.
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0° Rolling direction of blank

&=

o
S 90° 0°
2 NS
ST
L
s P a_i\o
N
LU gl
- L ]
g //1 b Y
“ I
- \4\‘* -

a) Uniaxial tensile specimens

b) Flow curves

Fig. 5.6 Uniaxial tensile test for deciding

the test material properties
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Table 5.1 Mechanical properties of the ironed material

Material Angle to rolling n—value F—value
direction / MPa
°. 0.25 173.5
0.24 176.4
A1100-0 90° 0.23 176.4
Average 0.24 175.4

5.2.3 LT & mMI&#

RH-2 W LI EMIEMHE2ELDTFT. TRZIEAS T AN SKDIL2 AW,
FAZHAEERVTFHAORTHERI RxTENENI. 2un &1.0u nlo i P
. ZAXEAE, UV FHES I m—E e L., ¥4 XAEHES, £
VFEBRIERHEAWVT, LI XEReII24.8~56.8%DRETLEEL .

LIEARCEIMEOR LD CEBORF IS VREMBAVE. ZoMHRS
FH-3TRT.

LOE#HE X Onn/sT—E & L.

Table 5.2 Ironing conditions

Material Hardness Surface Dimension
finish
Tool steel Finished Diameter (D):40.53, 40.50
Die SKD11 Hpe=61 by lapping 40.47, 40.44, 40.41 nm
quenched Rmax=0.2 pm| Die semiangle: «=8°
Die land Length: 0.2 mm

Tool steel Finished
Punch SKD11 Hpe=61 by lapping Diameter(d): 40.00 mm

quenched Rmax=1.0 g m 40.14 mm
Reduction: 25~62%, Ironing velocity: 10 mm/sec

..92_.



Table 5.3 Lubricants

Lubricant POl P2 P3 P4 Br St
Viscosity 3.32 1 18.3 | 70.9 (321 | 1977|5119
¢St (20°C) y : .

Mean molecular

Weight 156 | 283 |[393 | 519 | 708 771

5.3 EBREOEHIE
BL2ETBRETRYVBEBTEL LI THLEEZELEBREIZIR, BiFEOL
DIT, PEBRFEGLDB)ENLTCEEREZERTS. H-TRLIELER
BB T 2 AREETRT.

FELELOFEERZHAIDICUTOZ E2RETS.

Wt/ (1, AFmMOTH: = 0&7 3.

(2) T&Dﬁ%ﬁﬂﬁ%%ibLf%@%%%&t?ﬁqfﬂuﬁﬁbﬁﬁ.

(3) HHEREHELHEBUOTARLOMICn JBEANEY L.

(4) EBEHIZBWT, Mises OBRRKREEEZH-T.

LIZEXZREBEHICBIT BMises DBRSHE

2
a = q = — g— o0 . eeeees (5-4)
d p A3 z
(ot HHEERIEH)
I B FmoD29 H R
t t + dt
s (r + — )t do - (o +do ){r + }(t+dt)d 6
z 0 2 / z 0
dt dz
+aq (r + t+ —) sine d8- 2 q r dod:z
d o 2 CoS a P p o
dt dz
g a (r +t+ — ) do cose =0  ee.e.. (5-5)
d d 0 2 cos a
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/!\ dq 0z +4d, da  aS;
o Hadg
QZe( Uw)
toi t Oz A (Tt' Jg Jg
|
AT [Hpdy r as,
> az o \Ypy
¢ ¢ 'Av/\de
0 =z

Fig. 5.7 Essentials for a slab force analysis in ironing

TEICBITA HE t 1T

t= to— 7 tane

A,
RNG-H)ERG-6)2RNG-5)KKRAL, SKUEDOERBMNEZER | CRE
ER LAY

+ Alr)e = B(z) ... (5-7)
dz z

2{ -u _r +ud(ro+ ty™ ztane )}

plo
A(2) =
(Zro toty- ztana)(to - ztana )
4 Tt (ud+ tana)(ro+ t,” ztana)
B(2)= — &
3 (2r0+ ty~ ztana)(tg ztana )
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ERA Yy TOREETMITETSE. LIEZTE MBI 3HETFTOT & ¢ 40

2 Vor o2+ 2 h o t,/t*®
d A3 roe

ERD. L, t*EEERETHD. LB o-T, BXHRLIZRARIC X
> T, HEUOTH:: BEILNBE , Iy PRI T E5E5HOHEVT R 1 E
BEOLEEEZA VT = ¢t b BEHTE B,
nREHMEIY, HEBRE s B KDL B :

s = F £ (5-10)
FALARERATDHAOSVHNEY, RUFHEPIZ

P=2x(u , + tana) (ro+ to—ztana)q dz @ eeeeen (5-11)

d d
ERs.

Ry FIAMEAT3EEAF | i

= /o r gy a d27 i e e e e 5-12
de Zn:roup qddz (5-12)

THY, REMEQE2ZEITHLIE

P ,ud+ tana
JR— —_ ————————— i i e e (5_13)
de Kp
LB, T T, L=P/de L33 E
my=1 By Totamae e (5-14)
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5.4 ERHR

5.4.1 EEREOZIL

H5-8 ICHBEOH vy FEROIEES, LI XFEReDEMITHE BEEZHOE
bR d. BEEAEELIEZTEIMmTEEEE L R2O TURFOTRIESR
TAEERATS.

A EMSEBE AV ES, LI XFEReMN25% 2 H45.8% F THMT 51T
P, B X EEBRBE0.07T0 50,036 TRBIZBMD T B8, L T & #FRe
W45, 8% U E TR A A A HEBRHITIZE—ELR 5.

HREWMPAEEE VS, LI X EReMNU% DD 45.8% F THEMT 312
W, A R EBEBREZ0.045250.026F TRBIRBK P T 52, L T &ERe
M56.8% EEDBRRELSRDEF A RTEEEREIT 0,10 EBEUVKREL 2,
L Z X FERe=45% L TH/AEREN 5.

B EMPIEBREZAVESES, LI XFEReMB25% N5 38%~ L HIMT 3IC
W, A REEBEELREE 0,182 50,200~ AFIZHE KT S.

COME, FRHBMEECHEMCIEY, ¥4 XEEREPENLRB LT & X
ERELSRY, RNMEBREL B EBbro .

K5-8biZm Lz &k 5, ‘J’/?‘ﬁ@?f%?’iu LT & ERelZBHFE 2L, 12
E—memok. u EStT 0.063,P4T UJOS,P3T 0.190TH» 5.

BIS-9ERFEM AR LT X FERe25%, 4SO 2HEE2MY B L, ¥4 XEEEREED
RUECERETHBMMEOKEL2AZZ LD THS. BEOI vy Y2 A VIHEE
FAAHBEBEREIFHEEME LI 2AVES A CE/NMEZ T 2 & B
Mmool £k, FAAMEERK ) OBNMEOKRE ST L T & HRelT &
of,%n&&%b&&wﬁ,@mﬁibﬁﬁngmeﬁk%wﬁeuﬂi
S, BEEMERMTHE, ReARKEWVWEE o (FEIZoTWS. T2bL, &
IINME B B &k_LvCud BEETReDEEPFHRLTWND., THEHERR, KEDOD v
TEROCIEHE, YA AHAEBERBEIPREBRCTIEER — L2308, EHEM
e EMEMMEDBCELI NS, T, FAXREEERKTHEIBHEELEL
LIERLERRLS, BE—ETbD. ZThdBEMERAELREVT L2YE
5. TORE, MRELEBLELIEARAY Yy PHWEMEIHIZELTY
B ENBbhol.
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Fig. 5.8 Variation in friction coefficient on both

surfaces with an increase of ironing

reduction in the case of as-drawn test cup

_.9‘7_.



O.22r ?
0.20k \

= 0.18 |\ As—drawn cup

g VIoF ‘-.\ 4 Re= 25%

& 0.161 | ° Re=41%

T o0.14F \  Annealed cup
= \ — oo
53 012 | SRS I
£ o 010F \
§g 0.08f
S @ 0.06 >
S o PO ~—

o5 0.04F P2 S \ —=
=S 002k R
' P4 r
0 1 1 1 |
1 10 102 10° 104

Viscosity of lubricant ( 107%m?/s )
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with an increase of lubricant viscosity

_98_



5.4.0 HERTOBEER

Bo-I0ICWEDON vy 72 Ak s, BBRtoB it dT sy vy F4HE
(A4 2) oXRTMELTHEZ/RT. Ho-10a, b (T EHKEMSUMEBEL X%
ReZ24.8% L45.8% LAEAELEBEOXREAERZZENREFRL AT HLOTHS. L
TEHEReNU % LHEH/NEWEES, BEERICILIZFACH> TI ANV
Py PBHENDELIICERLTRY, BEHRIEILACADARZ Y., LT &%
ReZ45.8% LM RS 2de, I 207V FEHEOLDLDEN, XV
MALLTHSZL, ZL0OBBHERHBATE. LI EEReBEHLIZKELI R
TH, RKEAERFTIZEALEEDSL RV,

BI6-10c,d,etd , PR EEHPAMIE R L 2 X ERe M 24.8%, 45.8%, 56.8% & 3
LG EOREHEREZRLEN R T LOTH B, LI X FERe= 28.9% & LB
INEWEE, BEBARIZHOI Za - AREELTEY, 2HICEBEN
RoNd. LIEFEReBL 8% ERELIRDE, FAAVE Y FOKITZTELLIR
P, THEBBERY, ThEZHEHRETREETTHS. LML, LIT&=%
ReP56.8% L EHRRELS RDZEEBEHIIEIZuBEENLALNS

BS-10f i ERE EEP3IB RS, L 2 X ERe MU 8% DB ADKEHERZTT B
DTHD. EEMIEFIANE Y PIELRBOONT, I 70 BE0ORERHE
RTE 5.

M-I GEAMRCREITHKRAI Yy 7O KOE B LR . SHEE
BMStZEALLES, WHEDBRHEEXAEBVT, A0y FBEFEL
TVon, HWEOA y7ORE, LIEFARHERCER SRS, ZhizsL
T, REOI y70HE, AbRFRAERRL, BVREHROT RV FAR
Bhd. MEMMERLERTY, REOHFBHWI Wb B . ok MmP4E
BICBWT, BEAI TN, REI v F72AVSEE, BEaETGICEA
WVEY PBRELIERFL, BEHRE W,

EROREEFEERIAFANVE Yy b, BBEBLIVIZoBEORERER
LoT, ROWUEHIZKBT B ENTE S,

(a) RAEHEFIANVE Y bBHEL, BAERIZLASALhARVER.

(b)) BHMERLZI ANV Yy PRRKEL, BHBENBET SE®.

() BBEHEBOVWIEHET. PBEOIAN ALY FBRALNBZ L b 5.

..99_



(1) BBEHP I I BERNRETHHME.

TOESC, FRLR2ELARGEHR THLOICHKER L I & FE &M E
BHEET DI LBEBENTL. Thik, FIEZ0HEATCFHLEZETHS. %
e, MEOBRICELT, BEOI y LR, REDHI vy 2RI EL,
MLAENMEREZL, FAHCBT2HMELEZHLHEETHY, Zu— Lk
FANVE Yy FBRBERENRRLTOR, TILLDOHEERLRVE>THB. 0O
e, BEREIEFLETIANVE Yy FZBEASE WS 2 ESLRE W, Fim,
HOBEOEMEMTHLHREMN ZZHFTEIN, BHEBELTHLI ALY Y
FRBRGFTS., FREXREBE2HEERTICRKEOEMIVEEOFBAR VW EEZ 2
bivs.

- 100 -



Rmax= 0.35um

\b-.._E
o~ o
= I
= [
o Q
] &
o
= & <
™ [a W
o
o o
3]
It
o
o'
" Xe . 1=4
wizz o =*""¥ wigo'p ="4
Eﬁ A Aot s
o)
~T
=)
52
It n
O b =
g = I
. mﬁ U
o ~
1l =]
b oo i 3 FE)
= 5]
o
o ~
I "
5]
o
wr T &
& . we ua T°Q
L migzrg = Flyuggry =Py
C:}i o - - WYy v
A —
o se
] o
o > =
S "
4]
- [a'
It =) -
f ]
T3 o
o
) ©
Il
@
(o'

UO0T3021Tp Sutuoal

= [Y -



wrtzg0 =%y

ungy/ " Q =xemH

dno 3s®3 umeap-se JO ®sed ayjy ur

9PTS 9Tp uo dnd psuoar jo soueieadde ?0BJaING

%67 =24 €d (3 %LS =94 H©d (®

0L°G¢ "814

= 0% =



#4=31.043

Hqi=0.072 Ra=0.06 un
Ra=0.05 um § Rmax=0.67 um
Rmax=0.5ua —

Ironing direction
0.05 mm

i

a-2) Cup 4, St, ~ a-3) Cup &, St,
Re=25% 4__-) S Re=25%

240,046 250,047
Ra=0.03 um Ra=0.0d um
o Rmaz=0.45 un

a-4) Cup A, P4, . a-5) Cup A’ Pa,
Re=25% Re=25%

Fig. 5.11 Effect of temper on surface appearance of ironed
cup on die side for Re= 25%. Where, cup A is as-

drawn one and cup A' annealed one.
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