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Experimental and numerical prediction on influence of pre-punched hole on
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Abstract: In order to accurately predict the springback phenomenon of ultra-high strength steel (UHSS) pre-notched products in roll forming,
the influence of pre-punched hole on the springback of ultra-high strength steel sheet in roll forming was discussed by simulation and experi-
ments. Then, the finite element model of pre-slotted automobile threshold was established, and its accuracy was verified by continuous roll form-
ing experiments. Furthermore, the mathematical model of variable elastic modulus determined by the tensile test of ultra-high strength steel
MS1300 was applied to establish the finite element model, and it was found that using the variable elastic modulus could improve the springback
prediction accuracy in the hole area by 15%. Finally, several forming schemes were designed to study the influences of different features on the
springback in the hole area. The results indicate that the presence of pre-punched hole reduces the springback, and the effect varies at different
locations on the automobile threshold. With the increasing of the number of racks, the thickness of strip and the diameter of holes, and the decrea-
sing of the spacing between racks and the spacing between holes, the springback at the position of pre-punched holes decreases. Thus, it is hoped
that the impact of hole on the springback in the actual production of roll forming is reduced, and the forming accuracy of pre-cut section is improved.
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Fig. 1 Metallographic diagram of MS1300 ultra-high strength steel
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Table 1 Chemical compositions of MS1300 ultra-high strength steel ( %, mass fraction)

C Mn Si P S Al Cr+Mo Nb+Ti B Cu Fe
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Fig.2  Schematic diagrams of standard uniaxial tensile experiment for MS1300 ultra-high strength steel

(a) Tensile equipment
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Table 2 Mechanical properties of MS1300 ultra-high
strength steel

R/ (°) E/MPa R,/MPa  R,/MPa A/% r n
0 211327.54 1149.73  1399.96 6.1 0.42 0.18
45 209704.84 1141.66 1398.45 6.9 0.37 0.17
90 213587.62 1158.39  1401.63 6.3 0.61 0.19
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Fig. 3 Schematic diagram of cyclic loading tensile experiment
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Fig. 6 Positions of pre-punched hole and end faces in strip

(a) Isometric view  (b) Vertical view
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Fig. 7 True stress-true stain curves of cyclic loading tensile experiments for

MS1300 ultra-high strength steel
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Fig. 12 Roll forming experiment for automobile threshold
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Fig. 13 Simulation results of automobile threshold

(a) End face 1 (b) End face 4

(b) One processing pass

(c¢) Pre-punching stage
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