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Abstract: The densification behavior of titanium powder in the direct powder rolling process was investigated. An
analytical model for the roll-backlash phenomenon during this process was proposed to conduct a realistic finite
element analysis. Furthermore, the roll-backlash was quantitatively analyzed, and the relative densities of the green-
strip along the rolling direction were precisely estimated. Finally, the slip and nip phenomena were identified by
calculating the contact pressure and shear stress between the titanium powder and the roller in order to understand the
densification behavior of the powder during the rolling process.
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Table 1 Experimentally measured roll-backlash and
thickness of green-strip after DPR process

Ti powder/sponge

Powder 100-mesh 200-mesh
Roll-gap Powder height (mm)
ompacted strip (mm) 38 632 38 632
0.2 Y0.43/1.12 0.51/1.28 Crack Crack
0.3 0.42/1.14 0.49/1.31 0.49/1.19 0.56/1.32
0.4 Leak Leak 0.48/1.12 0.54/1.38
YBacklash/thickness
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Fig. 5 Schematic diagram showing the analytical model
(b) for roll-backlash in DPR

Fig. 2 Experimentally measured roll-backlash for 100-
mesh powder; (a) B-T, and (b) B/T. B and T
respectively means backlash and thickness
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Fig. 3 Experimentally measured roll-backlash for 200-
mesh powder; (a) B-T, and (b) B/T. B and T
respectively means backlash and thickness
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Table 2 Material constants
a ﬁl ﬁz k d1 dz
0.00057 3.21 5.86 1 0.11 0.074
N N/mm N/mm N/mm mm mm

Table 3 Experimentally measured roll backlash and
thickness of strip after DPR process

Roll gap SJ-100 powder SJ-200 powder Unit
p-height 38 63.2 38 63.2
02 exp. 0.43 0.51 -
eqn. 0.45 0.52 0.54 0.61
03 exp. 0.42 0.49 0.49 0.56 mm
eqn. 0.41 0.46 0.51 0.55
exp. - - 0.48 0.54
0.4
eqn. 0.4 0.43 0.49 0.52

MNo. of elements: 1909
MNo. of nodes: 2083
Element types: CPE4R & CPE3

Gravity

=2+20[:38mm

Reaction force: 240 KN

Roll-powder friction : 0.35

<> Roll gap = 0.2-0.4 mm

Fig. 6 Finite element model for DPR process.
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Fig. 7 Contact pressure and contact shear histories of
strip regarding the distance from feed during
DPR process
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Fig. 8 Experimental and predicted relative densities of
DPR strip for 100-mesh powder; h: height, r/g:
roll-gap (unit: mm)
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