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Influence of Macro Non-metallic Inclusions on Flanging Cracks

of Drawn and Ironed Can

Kazunaga MisoNoHn, Teruaki FUJIL, Ryoichi FUKUMOTO and Atsushi NAKAJIMA

Synopsis :

In the manufacture of DI can made of tinplate, macro non-metallic inclusions(NMIs) which exist on

the flanging area of DI can cause cracks in flanging.

It is difficult to observe NMIs on the surface of

tinplate because they usually exist in the inner part of the steel sheet. The magnetic—particle testing can
detect NMIs, but it is difficult to determined the size of NMIs quantitatively.

This paper describes the quantitative determination of the size of NMIs by using the magnetic leakage
flux testing, and the influence of NMIs on the flanging cracks. Flanging crack ratio in continuous DI can—
making test are in proportion to numbers of NMIs obtained in this test is in good agreement with the the—
oretical results. Conclusively, the number of NMIs per unit area detected on the part of the coil by the
magnetic leakage flux testing enable us to estimate the flanging crack ratio of the coil before DI canmaking.
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Table 1. Chemical composition and mechanical
properties of Al-killed Continuous Cast Steel used
in this study.

Chemical composition (wt%)

C Si Mn P S N O Al
0.05 0.02 0.36 0.014 0.02 0.007 0.003 0.10
Mechanical properties
Y.P T.S. EL. Hardness
(kgf/mm?) (kgf/mm?) (%) Hg30T
23 36 40 49

Exciting power source
- >
0 a
Magnetic
sensor Tin plate
b ~ L) = 7

Leakage flux)] Defect

Fig. 1. Schematic diagram of magnetic detector.
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r= x100(%)

D—D,
Dy
y : Limiting flanging ratio

Dy : Outer diameter of DI can

D : Diameter of DI can at the expanded

edge when crack occured

Test speed 10 mm/min

Lubricants iso-Propyl Alcohol

Table 2. Specification of flanging tests of DI cans.

Coil
|
Coating with emulsion oil
)
Cupping
blank diameter : 123 mm
punch diameter : 67mm

Bodymaking

redrawing and ironing (3 stages)

punch diameter ; 53 mm

ironing ratio : 70 %

bodymaking speed:120 cans/min

coolant :15% emulsion oil

material of punch-and-die : tungsten carbide

Trimming
can height : 135 mm

Necking (2 stages)
necking diameter : 50 mm

Flanging
flanging length : 2.4 mm

Fig. 2. Process of DI canmaking.
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Fig. 3. Size/position distribution of NMI,
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Fig. 4. Relationship between cross-sectional area
of NMI and output of magnetic sensor,
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Fig. 5. Relationship between volume of NMI and
output of magnetic sensor.
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Fig. 6. Relationship between output of magnetic
sensor and limiting flanging ratio.
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Fig. 7. Relationship between output of magnetic
sensor and flange crack.
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Fig. 8. Relationship between number of NMI and
flange cracks.
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Fig. 9. Flange cracks related to the angle with
the rolling direction of the sheet.
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Fig. 10. Effect of thickness of trimmed edge of
canwall on limiting flanging ratio.

Tr-ll

0.175mm

Trimmed edge
Photo. 2. Micro-structure of the flange crack
by S. E. M.

TEZ), IHIEXy 74 vODBLIE7 5 VML HF
B5. 7A3%F4 FESEH, RE 0.32mm, 7 v
T-1 5XO T4CA o5 EhollE X h i DIE
Q2 ER)DH v 74 VHEDRR 7 5 v oI TEY Fig.
10 3. BREZZ vCITERIL, 79 vPiTIX
DENPE LD ETIML Lick &0 ML T Fig. 10
CRTRTEL, Fvais—mEGlist, BR7vs v
MTEIMEFTL, Eihe7 5 v oMRENRY LTHIET
T5.
BIEEDRBHBE R, 7v-i— T-1, 75 voHIRE
0.175mm fHETHEIR, Hv 74 vHEO BiLE 50
mm THby, 75 VvISMLKEXd 735 vy fHAREY
55mm krirhH. ZDEEDT I VUIMTRIZF10% &
fed. D77 vomIRE, Fig. 10 wrd T-1 ©
HLT, BE7 7 v IILERDK 60% &7, Y

— 151 —



152 B & B

% 68 4 (1982) w12

Length of NMI ( mm)

o 1 1 1
0 0. 02 03 04
Width of NMI ( mm)

Fig. 11. Relationship between width of NMI
and length.
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Fig. 12. Position of NMI relative to trimming edge.
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Fig. 13. Calculated probability of flange cracks by
Eq- 4 related to number of NMI.
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Fig. 14. Frequency distribution of NMI in the
rolling direction.
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