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Numerical simulation of extrusion molding of
tungsten-based alloy powders based on linear D-P criterion
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Abstract: It is not accurate to characterize the feed intensity of the tungsten-based alloys using the metal yield criterion,
due to the discontinuity of feed and the uncertainty of mechanical properties during the process of extrusion. Based on the
linear Drucker-Prager criterion, the extrusion process of the tungsten-based alloys feed was simulated utilizing the finite
element analysis software of MSC.Marc. The friction angle and cohesion of the feed were measured by the variable angle
shearing test. The results show that the change of the feed intensity and the force during extrusion can be described more
specific by applying the linear D-P criterion. The actual extruding force is 137 kN, whereas the simulating extruding
force is 146 kN. The relative error is only 6.5%, indicating that the mold based on the D-P criterion is adapted well to the
feed extrusion of the tungsten-based alloys.
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Fig. 1 Specimen and placement of specimen
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Fig. 2 SEM image of ruptured plane during variable angle

shearing experiment
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Table 1 Results of variable angle shearing experiment
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Fig. 3 Fitting curve of variable angle shearing experiment
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Sample Shear plane Length/ Breadth/ Shearing area/  Vertical load/ Shear stress, Positive stress,
No. angle/(°) mm mm mm® kN o/MPa 7/MPa
1 50.06 49.80 2492.99 29.10 8.25 8.25
2 45 49.66 49.76 2471.08 13.26 3.79 3.79
3 49.94 49.92 2493.01 20.70 5.87 5.87
4 49.80 49.88 2484.02 20.10 6.63 4.64
5 55 50.00 49.80 2 490.00 20.10 6.63 4.64
6 49.48 49.72 2 460.15 18.74 6.16 432
7 50.04 49.96 2 500.00 19.85 6.61 4.63
8 60 49.70 49.48 2459.16 15.65 5.51 3.18
9 49.82 49.72 2 4717.05 17.33 6.06 3.50
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Table 2 Simulation parameters of tungsten-based alloys feed

Cohesive Friction
(gem™) modulus/MPa  ratio  strength/MPa angle/(°)

8.9 600 0.48 4.91 17.3

Density/ Elastic Poisson
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Fig. 4 Geometric model

KRN S RIG, JRH M BRIy, PEERR
I VEAREERR, PEERINECA 0.1, HFRIEEEA 2.5 mm/s.
WIS KR ATALR, IFERAARE ERAS B
P AEA B HPERTE G 2028 600 MPa, {1FALL P 24
3 0.48.

3 ERIERS T RIIE

3.1 BERIERS

Bl S iR b e Bt b i s i B 3 s it 1. th
Bl S aTLAE Y, R RSN A S bRt oL, sl 75 )
— kL, BRI RIRA N . B 6 FToR
MR ARSI . HIE 6 iTLLEH, O i
LR T-AMNZE s i, X B A2 32 2
(1 B 45 ) B2 T vt Jo s BTS2 I R D, HASEALIAIAT:
FEWN T A IR BB o P 2 55 402
ZES SECT MRV AN A, BT MRy, A
1175 BB e 1B R RIORE A2 T3 AN 5], St e

Displacement/mm K
I

1.65
1.48
1.32
1.15
0.99
0.83
0.66
0.49
0.33
0.16
0

5 FrkdRT g R R
Fig. 5 Vector graphic of displacement field during extruding
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Fig. 7 Comparison of stress fields between analysis based on
D-P model and rigid plastic model™”: (a) Stress field based on
D-P model; (b) Stress field based on rigid plastic model™”!
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Fig. 8 Opposite force on extrusion rod and integral curve: (a)

Curve of opposite force on extrusion rod; (b) Integral curve of

opposite force

180

140

100

Basic stage of
extrusion

Extrusion load/kN

D
S
Filled stage

201

_20 1 1 1 1 1 | 1 1 1
2 0 2 4 6 8 10 12 14 16 18
Compression displacement/mm

B9 APt i i 2k

Fig. 9 Relative curve between compression displacement and

extrusion load
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Fig. 10 Morphologies surface (a) and fracture (b) of rods
extruded
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