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Ref 91 qz q3 fo fc fr fn ey SN material oy (MPa)
[61] 1.5 - - 0.002 0.004 - - - - C—Mn steel (at 300 °C) -
[62] 1.5 - - 0.0015 0.035 0.15 0.00085 03 0.1 E690 779
[63] 1.5 - - 0.001 0.02 1.141 67 0.04 03 0.1 20MnMoNi5 5
1.43 0.114 0.13 0.272 - - - 366
1.1 0.114 0.2 0.35 - - - -
[64] 1.1 - - 0.114 03 0.44 - - - GGG40 -
1.2 - - 0.114 0.19 0.235 - - - -
1.2 0.114 0.175 0.235 - - - -
[65] 1.25 - - 0.00033 0.026 0.15 0.006 0.3 0.1 370
[66] 1.15 - - 0.002 0.033 0.15 0.004 0.3 0.1 22NiMoCr37 -
[67] 1.5 - - 0.077 0.12 0.2 - - - GGG40 230
68] 15 - ; 0.0023  0.004 ; - ; CMn steel (300 1C) 90
[69] - 0.001 0.003 - 0.01 - 0.01 AlMgSi alloy 260
70] 15 - ; ; 0.15 0.25 0.04 0.3 0.1 ; ;
[71] 1.5 - - 0.0 0.04 0.195 0.008 03 0.1 - 366
[72] 1.5 - - 0.00057 0.03 0.004 03 0.1 612
[73] 1.5 - - 0.0025 0.021 0.02 03 0.1 E460 steel
[74] 1.25 - - 0.005 - 0.2 0.001 0.04 0.01 A533B -
[75] 1.5 - - 0 0.06 0.212 0.002 03 0.1 Steel 440
1.5 0 0.04 0.197 0.002 0.3 0.1 620
1.5 0 0.03 0.189 0.002 0.3 0.1 320
[76] 1.25 - - 0.00033 0.026 0.15 0.006 0.3 0.1 CMn steel 360
[77] 1.47 - - 0.002 0.028 - - 0 - Cu 312
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q3 fo fc fr fn En Sy material oy (MPa)
2.25 0.001 0.01 0.15 0.01 0.3 0.1 StE 690 690

- 0.000125 0.015 0.25 0.0008 0.3 0.1 API X65 464.5
2.25 0.001 0.01 0.15 0.01 0.3 0.1 AISI 304 480

- 0.00015 0.02 0.182 0.005 03 0.1 API X100 -
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Reduced
| Section P 3 in. Min :
* 1 - >l
- —
S
B _._._._'A_.__._ t
\ 4 e 7\
- > Rad 1 in. Min
C
Gage
Length
Dimentions
Dimentions. In.
Specimen No.
A B C D
1 1/2 +0.015 11/16 approximately 240.005 2 1/4 min
2 3/,+0.031 1 approximately 2+0.005 21/, min
440.005 41/, min
3 1+ 0.062 11/, approximately 2+0.005 21/, min
4+0.005 41/, min
4 1 1/2 +.125 2 approximately 240.010 2 1/4 min
4+0.015 41/, min
8+0.020 9 min
5 1/4 +.002 3/8 approximately 1+0.003 1 1/4 min

NOTE 1-Cross-sectional area may be calculated by multiplying 4 and ¢.

NOTE 2-The dimension ¢ is the thickness of the test specimen as provided for in the applicable material specifications.
NOTE 3-The reduced section shall be parallel within 0.010 in. and may have a gradual taper in width from the ends toward
the center, with the ends not more than 0.010 in. wider than the center.

NOTE 4-The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in.

NOTE 5-Metric equivalent: 1 in. =25.4 mm.

NOTE 6-Specimens with sides parallel throughout their length are permitted, except for referee testing, provided: («) the above
tolerances are used; (b) an adequate number of marks are provided for determination of elongation; and (c) when yield strength
is determined, a suitable extensometer is used.

If the fracture occurs at a distance of less than 24 from the edge of the gripping device, the tensile properties determined may
not be representative of the material. If the properties meet the minimum requirements specified, no further testing is required,
but if they are less than the minimum requirements, discard the test and retest.

NOTE 7—Specimen 5 is intended for testing specimens removed from an in-service product. Specimen 5 shall not be used for
conformance testing of new product. Acceptance criteria for elongation values obtained from 1 in. gauge length specimens
shall be determined by agreement between the responsible parties.
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Abstract

Piercing of metal tubes is a process to create a hole in the tube to produce multi-way industrial
joints. Using traditional methods of this process doesn't result in optimal cutting edges quality.
Traditional methods of piercing such as using drills have disadvantages such as pre-drilling,
impossibility of clamping at the inner surface of the tube, circular shape restriction and cutting
edge protrusion. This process has recently been performed using fluid as a piercing tool. Using
of fluid has also problems such as sealing and expensive tools and equipments. In order to
overcome the above mentioned problems; in this study, the piercing of aluminum tube was
investigated experimentally and numerically using elastomeric tooling in a new method. The
elastomeric tooling is widely used in the aerospace and automotive industries due to its high
flexibility, creation optimum surface quality and reduced manufacturing cost. Numerical
analysis of the process was carried out in ABAQUS software assuming that the elastomeric tool
is a non-compressible hyperelastic material with the Moony-Rivlin behavioral model. To
predict the ductile fracture of tube, the Gurson-Tvergaard-Needleman (GTN) damage model
was used as a micromechanical model in ductile fracture of porous metals. In order to determine
the parameters describing the GTN fracture model, firstly, the experimental tensile test of the
standard specimens and the finite element simulation were performed by applying the GTN
failure criterion and comparing the force-displacement diagram of the experimental tensile test.
The parameters of this damage model were determined by the inverse calibration method.
Finally, the obtained parameters were used to simulate the piercing process in piercing die. In
the tube piercing tests, the maximum force of the process, tube geometry especially thickness,
and also effect of hardness of the used elastomers were investigated. The material used was
6061 aluminum alloy tube with three types of thickness 1 mm, 1.4 mm and 1.8 mm. The hole
diameter was assumed to be 12 mm in the piercing process. The results showed that if the
process parameters such as material, geometry and thickness of the tube and suitable hardness
of elastomeric tool are selected correctly, the use of elastomeric tools for metal tube piercing is
possible and results in a good quality cutting surface. Also, the amount of piercing force in the
experimental tests for different tube thicknesses and different harnesses of the elastomeric tools

is in good agreement with the results of numerical simulation.

Keywords: Metal tube piercing, Elastomeric tool, Finite element simulation, GTN damage

model, Aluminum tube.
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