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A Study on Deep Drawing and Ironing of Thin Cylindrical Container of Tin Plate
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Synopsis :

Effects are studied experimentally and theoretically of forming conditions and
mechanical properties of steel on forming limits in deep drawing and ironing of tin plate
into thin cylindrical container to yield the following results: The calculated limiting
drawing ratio (LDR) and maximum ironing reduction without fracture Ir* are in good
agreement with the experimental results. The drawability of tin plate LDR 1is
significantly improved by the increase in Lankford value r. The increase in r-value and
the decrease in drawing ratio BO increase Ir*, but when a clearance between drawing
die and punch Cl is small or multistage ironing is done, the effects of r-value and BO on
Ir* diminishes. The increase in 00 and the decrease in K and n increase Ir*, where 00, K
and n are constants for every steel assuming that the relation between stress o and
strain e is 0=00+Ken. An apportioning procedure of reduction ratio in multistage ironing
has been proposed. The fine grains and good cleanliness of steel improves the stretch

flange formability in curling process after ironing. The decrease in Cl in deep drawing



does not only increase LDR, but also decrease the effects of r-value on Ir*, so that grain
size of steel can be made small and the stretch flange formability in improved. The tin
coating of 0.3 to 0.8 thickness on steel gives the maximum LDR, but the ironability is

improved as the tin coating becomes thicker.
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Synopsis

Effects are studied experimentally and theoretically of forming conditions and mechanical properties
of steel on forming limits in deep drawing and ironing of tin plate into thin cylindrical container to
vield the following results:

The calculated limiting drawing ratio (LDR) and maximum ironing reduction without fracture
I* are in good agroement with the experimental results. The drawability of tin plate LDR is signi-
ficantly improved by the increase in Lankford value 7. The increase in r-value and the decrease in
drawing ratio By increase %, but when a clearence between drawing die and punch ! is small or
multistage ironing is done, the elfects of r-value and By on I.* diminishes. The increase in gy and the
decrease in K and 7 increase I*, where o, K ond n are constants for every steel assuming that the
relation between stress o and strain ¢ is g=ag+ Ken.

En apportioning procedure of reduction ratic in multistage ironing has been proposed. The line
grains and good cleanliness of steel improves the stretch flange formability in curling process after
froning. The descrease in €I in deep drawing does not only increase LDR, but also decrease the
effects of r-value on I* so that grain size of steel can be made small and the stretch flange formability
is improved.

The tin coating of 0.3 to 0.8p thickness cn steel gives the maximum LDE, but the ironability is

improved as the tin coating becomes thicker.
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(a) : Fracture in longtudinal orientation, (b):
Typical ironing fracture, {c) :Bulging, (d):
Stick and slip state in lubrication, {e) : Frac-
ture caused by inclusion, (f) :Stretch flang-
ing fracture in curling process)

Fig. 2 Failure in ironing process
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Deep drawing speed

Table 1 Speciﬁcation of deep drawing test

Punch diameter 2R2 (mm) N 33.00

Radms of punch shoulder }?]1 (mm) 4,75

Dle diameter 21?4 (mm)

" 33.62, 33.64, 33.88
Ra (mm) 3.0

Radlas of die shoulder

Blank holding force Ps (kg) i 30{}-500
: ngh V1sc051ty mmeral 011 w1th EP

Lubricants | additions R.W. 50°C 1 100sec
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Table 2 Specifications of ironing test

Punch diameter 2R, (mm)

Radius of punch shoulder R, (mm)

Half angle of die approach 6 {(deg)

Length of die bearing (mm)
Ironing reduction (§79)]
Lubricants

Ironing speed (mm/min’

g LDR L FoFBEREHVE Y » oy 72
i L, Table 2 imid4fcTLTE T %
L, fHEREA10~80%H F L& 0 Itk 4%
LIERBIETFAR [* 2fah b,

Lo EmMIEOMO > 7 v Wlle LT, L
CEMILUASE, Wil CrY v
A ow TR v F 20 LA 82 L7,
£ 0iligetl 4 Table 334, K& K p 1w
o THE do WCRIT DN o TERT Y T w2 RE
Lick 2DEEdDTH D PR CHET 5,

Table 3 Specifications of expanding test of
drawn and ironed cups

Test speed (mm/min} . 2.0

Lubricants

Angle of conical tool
{deg)

|
|
|
o

| 33.00

4,75
8.0
2.0

1080 (109 div.)

High viscosity mineral oil with EP
additions R.W. 50°C 1 100sec

.500
y=(d—dy) fdyx 100(%) - (28)
4-2 f# = #

EER I A BPEL O, 3dmm S HEHIIN &
DED Sn Ay FRTHL, BEEVH O BBYIEE
% Table 4 757, Sn £ » £ BT, 5L HE
TREHMA—MHIRFANC Sn DA aA 20 d
oA,

5 EBER

51 ERYERIZONT

51-1 7UFEDFREYRRCRIET
r [BORER

REG R D BRI L A K P L - TARM X
AP, G GERRAT, Ukl R), BLME (o) T

Table 4 Mechanical properties of materials tested

YP TS
1 Rimmed steel 28.8 35.9
2 Rimmed steel 23.7 34,1
3 Al core killed steel 18.8 33.6
4 Al core killed steel 24,9 36,1
5 Al killed steel 20.5 31.3
6 Al killed steel

22,6

32.5
YP : Yield stress (kg/mm?) S
TS : Tensile strength (kg/mm?*)
El : Total elongation (2

El n i r D d
39.0 0.191 0.80 0.27

41,3 0,193 1.01 0.17 12.8
42.0 0.223 1.00 0.12

37.6 0,178 1.19 0.16 14.9
42.0 0.188 1.48 0,11

40.3 0.196 1.53 0.027 23,2

- r;_ : Workhardeniné féeffi*ciiéﬁii
D Dirtiness (%)
d : Grain size {z)
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Fig. 5 Effect of Sn thickness on limiting draw-
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Table 5 Maximum ironing reduction /.*¥ in
1st ironing stage

L-*' Dirtiness
(% - 7 (%)
| Rimmed steel 40 0.50 RN
3 Al core killed steel | 40 | 1.09 0.12
5 Al killed steel 50 1,48, 011

Table 6§ Conditions and results of multistage ironing test

()
Deep drawmg
B i c;[%o '
I 2.0 1,[]
Ii 2,0 o 1.0
111 1.85 ; 1.0
{b)

Probablhty of fracture

I
2 Rimmed steel
4 Al core killed steel 0

6 Al killed steel 0

Conditions

Ironing reduction (%) |
Ist 2nd 3rd
N . o
0 50 N
50 70 o

Results

R ¥ Dirtiness{ %>
11
50 1.01 0.167
40 1.19 0,164

30 1.58 0,027
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process

DEFTER R 4 Fig. 141 or3, 22T iME @K
ThETLEEOHTEHR Ly, 2 PHE Ly X
Ol BRKTERT S,

o= {Ty .. — T}/ T <100

Loy = (To—= T3 Ty 100

L= (Ty=Ti_)/ Ty x 100
To BB, T T ixxhdn g i1 g
DLIENMTOMERE SRR T, L, HREG
ESATE SR E VO TR TEDI DA CTR
I b 450, oo an o B
R AR L RT3, Loy @ M
t¥Sachs® OEEBERE—WT 5, FHIKC RS
EkE A OReT 2, R &SP ITE bER & —
#w a5,

B OB A L L T g T
XL, ka2 mloy — umERSICL, {7t
0% DU RSB G O TFRE 4 Fig, 15
v, Mk T A—=B =G Ll A
BRI FEGARE SR, O TR U
BLOXEo I, CI/Ty=098) = 250%LF
—@T0%ILT, DI TR THE AETHL., =
DT ERA LRI R L TRELLL DT, A
EhDRRBENTFHENL, T2 TESES RIA
ATO09L* DfEREEMAL, MINOBE B L 510
MR A st s, WS TETIEN T
X, D (ML IXEoMT ClJT,=1.0)—
D40% N T —E60% 1L F—070%, D4 TRSL

Gy=25 K=40 n=05 r=1.5
Be=2.0

80
//0.91:

Maximum total ironing reduction IT (%)

20 20 &0 80

Preiraoning reduction frp (%)

Fig. 15 Design of irening reduction schedule
in multistage ironing

Ffen, AFHBIC kL THE G &ML T AR
Sl O E TRV T OB LR, A
F i BULE T RO TLERTHEEL I PR
VELERBRIC Y AEEDIE TR S, T d H40—
60—70% = —F L1,

54 LOEMIROMUTIZTIHn

LIOEmItkn» Tiga btV ivo Lich &
T, &l AEDDT RS A— Y v I NI AT
LEX, MENLMO 7 5 v O B4 5 1A, L
L CERFERELERS 5100 it
HbTh LTl BITENRME 7 5 v
R LiF 4 Fig, 16 w05, NEA 5
Wibade X 9w, LI2EMIETARDRMT
ey T o SRR T L De, -y
VO B T 5 v ORI UL R AR
THDERB L,

— M, FER A Fr T S AL R oo ey
T v UM B A s L TRV, i, B,
v HTHY, Y, v HELRECHFHTE, %
it (L AR s R EHUT T
FYLHRTCRTCE L AL EBIn LY
B Bpun & Cu A, Lavl, Be=2.0, [;=50%



20

—_
o

<

I’restrain &,

16 Effect of prestrain

expanding ratic of drawn and ironed
cups

Fig. g On  maximum

O DT Licd s ol RBc Lo fhor 7
v Ao ke B, Fig. 17, 18 i+ L5
AR, UL r HEOHMILE LA FEDS
st Figa 19 wRd X 5 oFEr & dh i 1%
d &0 OB b h, FC kAL R
SO Ly d R EAES L, F—1REH
VHEBIRIE 2T 2 Cd % B2 H{omAicoun
TSR ERHOLTHL, ThOBGL
R ERE d L OHEBrRESENG, DX
5z DI MTHOMY 7 5 v P AT ol &
B, BEREAVN R G F R N E
v, Fig, 20 o4 X 56, dm &z d D

T

7 (%)

Maximum expanding ratio

57 50 55

Elongation (%)

b

! Decarburized rimmed steel{of which grain
size varied by annealing temperature)

a 1 Al killed steel{ + )

o . Rimmed steel { = )

* ! Al killed steel{of which grain size varied

by additional elements)

Fig. 17 Effect of elongation on maximum
expanding ratio of drawn and ironed
cups

- 55 o

Maximum expanding ratic % (%)

Fig.

Maximum expanding ratio # (%)

=
i

Surface roughness {u)

Fig. 20

HMAFIBESO LI E T+ 50 53

Lo
705 1.0 15
Lankford value r

18 Effect of
maximum
and ironed
in Fig. 17}

Lankford wvalue » on
expanding ratic of drawn
cups (symbols are shown

diL 1 L

1o 30 30 a0
(Girain size d (u)

. 19 Effect of grain size 4 on maximum

expanding ratioc of drawn and ironed
cups {(symbols are shown in Fig. 17)

m ] g o
Grain size d g
Eifect of grain size on surface rough-
ness of drawn and ironed cups



5 W W

January 1976

Grain size 1lx

Grain size 37

Photo. 1 Fractgraph of cups expanded after drawing and ironing (SEM)
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Drawn cup

Drawn and ironed cup 104 ]

Photo. 2 State of cup's surface drawn and ironed (SEM)
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