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Study of the Effect of Loading Path on the Strain and
Mechanical Properties of Aluminum with Flat and
Groove Rolling Experiment
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Abstract

The effect of loading path changes on the strain and mechanical properties of a commercial pure aluminum was studied

using flat rolling and groove rolling. Material during flat rolling undergoes a continuous monotonic compressive loading,

while one during groove rolling experiences a series of cross compressive loading. Four-pass flat rolling and groove

rolling experiment are designed such that the aluminum undergoes the same amount of the strain at each pass. The rolling

experiment was performed at room temperatures. Specimens for tensile test are fabricated from the plate and bar rolled. In

addition, the strain distribution for the plate and bar cold rolled specimens is also calculated by finite element method. The
results reveal that differences of loading path attributed by monotonic loading(flat rolling) and cross loading(groove

rolling) significantly influence the mechanical properties such as yield stress, ultimate tensile stress, strain hardening and
elongation. It is clear that the different loading path can give raise to change the deformation history, although it is

deformed with same amount of strain for same material.
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Fig. 1 Schematic for the change of loading(strain)
path for a four-pass rolling sequence. The
arrow indicates the loading direction. (a)
Cross section of workpiece at each pass in flat
rolling and (b) Cross section of workpiece at
each pass in groove rolling
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Table 2 Predictions of yield strength in the intermediate
passes from the hardness tests

Material ~ Initial Rolling Pass no.
parameters specimen process 1 ) 3 4
Equivalent 0.0 Flat 042 0.80 1.18 1.54
strain Groove 042 080 1.18 1.54
Measured Flat 413 477 502 52.1
hardness " Groove 43.7 442 476 487
Measured Flat - - - 118.8
yield stress ~ 41.2
(MPa) Groove ~ - - 1339
Predicted* Flat 88.1 106.5 116.1 118.8
yield stress”  41.2
(MPa) Groove 108.8 1113 1282 133.9
& =108.9(0.001+ &)*1%
Flat
Flow stress
Curve (MPa) & =122.4(0.001 + &)*'%8
Groove

* Yield stresses after intermediate passes are predicted
by Boltzman fitting on the basis of measured hardness
(for all passes) and measured yield strength(for initial
material and final product after fourth pass)
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Fig. 3 Flow stress curve obtained from tensile tests
and hardness tests
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Table 3 Mechanical properties of aluminum after flat
rolling and groove rolling tests

AA AR e WHEES 7AH Ade o

Case Strength(MPa) Elongation(%) up to
Yield Ultimate Y/U" Ultimate Fracture F-U"
As- 412 632 065 31.8 61.6 29.8
annealed
Flat rolling 118.8 1259 0.94 1.4 15.7 14.3
Groove 1339 1418 094 17 184 167
rolling

"Y/U denotes the ratio of yield stress to ultimate tensile
stress

"F-U denotes the difference between elongations at the
fracture and ultimate stress
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