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A Plane Strain Punch Stretching Test for Evaluating Stamping Formability
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ABSTRACT

Plane strain punch stretching test (PSST) was developed to evaluate stamping formability of sheet
materials. In this test, the rectangular specimen of sheet material is uniformly stretched up to fracture
by raising a specially designed punch to certainly assure plane strain stretching deformation along
the longitudinal direction of the specimen. The stamping formability was evaluated by limit punch
height(LPH) in plane strain punch stretching test compared to limit dome height(LDH) in hemispheri-
cal punch stretching test. LPH-value in PSST well ranks the stamping formability of various material
and correlates with press performance. Moreover by using ultrasonic thickness gauge the plane strain
intercept-limit plane strain(FLCo)-in forming limit curve can be accurately determined from thickness
measurement around the fracture area. The FLCo derived from thickness measurement well correlates
with the results from circle grid analysis for the deformed circle grid marked on the surface of the

specimen,

8 7)%8° | plane strain punch stretching test(H AH ¥ A& 4¥), stamping formability(= 4 3
A48 A3), limit punch height(§FA B A& 0]), plane strain intercept(FAH AR F E),
ultrasonic thickness gauge(ZS3F4&A 7))
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Fig.1 Overview of plane strain punch stretching test
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Fig.2 Series of etched speciments with a varying width after testing
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Table 1 Mechanical properties of tested materials
Material t YS TS EI R n FLCo Remarks
No. (mm) |(kg/mm?) |(kg/mm®) | (%) 15% 12-20% (%)
1 0.69 20.0 370 378 151 0.22 35.0 CHSP35E
2 0.71 16.3 29.6 48.1 1.88 0.24 43.0 DDQ
3 0.74 22.0 374 382 1.76 021 320 CHSP35E
4 0.78 17.0 30.1 46.2 1.86 0.23 420 DDQ
5 0.86 16.3 284 47.7 2.08 024 44.0 EDDQ
6 0.89 16.8 304 4.6 1.84 0.23 410 cQ
7 0.88 211 325 405 1.68 0.20 40/0 cQ
8 0.88 220 382 36.2 1.36 022 310 CHSP38E
9 0.98 23.0 36.4 34.9 144 0.19 33.0 CHSP35R
10 0.97 16.6 289 473 2,02 0.22 43.0 DQ
1 1.57 232 40.2 38.6 117 0.19 41.0 CHSP40R
12 0.53 28.2 65.0 55.3 0.97 0.51 39.0 5US-304
13 0.99 14.0 296 283 0.79 0.30 280 AI-5000

* Tensile specimen : ASTM E-8 standard, CQ  Commercial quality,
DQ : Drawing qualitym DDQ : Deep drawing quality, EDDQ © Extra DDQ,

CHSP : Cold-rolled high strength steel plate,
SUS : STainless steel, Al © Aluminum plate
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Fig.3 Strain distributions along logitudinal direction acecording to blank width
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Fig.4 Comparision of strain distributions between plane strain punch stretching test
and hemispherical punch stretching test
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