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Forming of Circular Protrusion by Half-Piercing and its
Application to Marking of Sheet Metal
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Abstract

Marking is a process that engraves letters or a pattern onto the surface of sheet metal. During marking, it is important
to set the proper working conditions for clarity of the letters. In this study a simple case for forming circular protrusions
by half-piercing and embossing was initially attempted to determine the working conditions which gave good results with
respect to shape accuracy. Corner-radius and flatness of circular protrusions made under several experimental conditions
were measured and compared. It is shown that the precision of protrusions by half-piercing is superior to that of
embossing, and the clearance between punch and die exerts a strong influence on the shape accuracy rather than the
penetration percentage into the thickness of the sheet metal. The marking dies for “SNUT” letters, as an example, by
applying the above results were manufactured with four different clearances. The working variables for the experiment
were clearance and marking depth. For the very shallow depth of 0.1mm the letters were not clearly read. Letters marked
under other conditions were easily distinguished with increasing marking depth. It was confirmed that the half-piercing
technique with proper values of the working variables gives good quality for the marking of sheet metal.
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Table 1 Mechanical properties of specimen

Material AL6061-0
Thickness (t, mm) 2.0
Tensile strength
(kgf/imm?) 137
Elongation (%) 26.6

Table 2 Experimental conditions for forming of
circular protrusion

Half -piercing Embossing

Clearance (c, %) -10,-5, 0, 5,10 110

Penetration depth 0.5,0.6,0.7,0.8,0.9,1.0, 1.1,

12,13,14,15,/16,1.7,1.8
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Fig. 1 Typical cross-sectional view of half-pierced

specimen
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Fig. 2 Max. penetration of specimen with respect to
clearance change
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Fig. 3 Influence factor on clarity of marking
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Fig. 4 Comparison of flatness according to penetration
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Fig. 5 Comparison of corner-radius according to

penetration
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Table 3 Comparison of flatness and corner-radius
between half-piercing and embossing

Flatness Corner-radius

Clearance(%)
-10 110 -10 110
Penetration(%

25 0.09 | 0.36 0.02 6.30
35 0.10 | 0.53 0.02 5.30
45 0.08 | 0.69 0.02 3.65
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Fig. 6 Marking die for experiment

Table 4 Experimental conditions for marking

Half -piercing | Embossing

Clearance (%) -10, 0, 10 110
Marking depth
(mm) 0.1,0.2,0.35,0.5,0.7,0.9
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Fig. 7 Measurement of camber

(b) Embossing(c = 110%, h = 0.5mm)
Fig. 8 Samples marked according to experimental
conditions
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Table 5 Test results of camber

ox
fol

(Unit: mm)
Clearance(%)
-10 0 10 110
Penetration(%)

10 0.30 0.37 0.42 0.73
17.5 0.40 0.46 0.43 0.87
25 0.57 0.53 0.44 1.00
35 1.02 0.70 0.46 1.07
45 1.39 0.85 0.51 111
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