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Effect of Film Properties on Bending Formability of Prepainted Steel Sheets

Hiroshi KaNal and Joji OKA

Synopsis : Mechanical and viscoelastic properties of 54 polyester resin systems were measured, and the relationship between the propertics and bending

formability of prepainted steel sheets on which paints based on the polyester resin systems were applied was investigated. We found that

formability increased with increasing elongation and tensile strength of the resin films, and the grass transition temperature (Tg) of the resins

strongly influenced on the properties of resin films. We observed that elongation plotted versus Tg of the resin films measured at 20 degree

Centigrade showed maximum peak in the resins” Tg around 30 degree Centigrade region, because resins which had low Tg below 30 degree

Centigrade showed entropy elasticity at 20 degree Centigrade. On the other hand, tensile strength of resin films increased monotonously with

increasing Tg of the resins. Tg of the resins also dominated shape of stress—strain curve (S-S curve). Finally, we proposed that it was impor-

tant to obtain excellent bending formability that resins were in grass transition range in circumstances in which the prepainted steel sheets

were actually used because the area surrounded by the S-S curve was larger compared with the other cases so that the fracture energy of the

films was larger, and resins had higher elongation in the mentioned condition.

Key words: formability; film properties; prepainted steel.
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Fig. 1. Printed pattern for strain measurement in bent area.
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Table 1. Measured strain (€) compared with calculated
strain (&*) at bent area in 7-bend test.
Strain (%)

T Measured € | Calculated £ *
0 80-100 100
1 60 50

"2 40 33
3 30 25
4 20 20

Calculated e* = 1/(T+1)

Table 2. Matrix of correlation coefficient between proper-
ties; *: significant in 5% significance level, **:
significant in 1% significance level.

E' E' tané Tg TS El Nocrack T
E' -0.20 -0.79 0.68 0.73 -0.52 -0.36*
E" 0.05 -0.22 -0.27 0.30 032*
tan 6 -0.60 -0.59 0.40 0.36 **
Tg 0.71 -0.75 -0.53 *
TS -0.64 -0.43 ™
El 0.83 *
No crack T
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Table 3. Result of regression analysis; *: significant in 5%

significance level, **: ngmﬁcant in 1% su,mﬁ—
cance level.
Factor SE F Regrgs.sion
coefficient
E' 12573 0.45
E" 12336 1.42
tan 6 12242 1.81
Tg 12495 0.77
TS 13210 211> 0.15
El 31676 76.35 ** 0.91
Multiple correlation coefficient = 0.82
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Fig. 2. Relationship between elongation of polyester films
and formability of prepainted steel sheets.
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Fig. 3. Relationship between elongation and tesile strength
of polyester films, and their effect on formability of
prepainted steel sheets.
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Fig. 4. Relationship between Tg and elongation of poly-
ester films.
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Fig. 5. Relationship between Tg and formability of pre-
painted steel sheets.
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Fig. 6. Effect of temperature on elongation of polyester
films; (J: Tg 22°C, ®: Tg 58°C.
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Fig. 7. Relationship between Tg and tensile strength of
polyester films.
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Fig. 8. Relationship between Tg and shape of S-S curve of
polyester films.
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