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Rheological property of composite filament in metal fused
filament fabrication process
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Abstract: Concerning the rheological problems affecting the quality of composite filament in metal fused
filament fabrication, Firstly, self-made three types of 17-4PH stainless steel powder/polymer composite
filaments with different high filling rate were studied in this paper, rapid prototyping equipment was used to
conduct molding research on green samples, and the formability conditions of the composite filaments were
canalized. Secondly, the pressure drop of the molten composite filament with different metal powder filling

ratio during the shaping process was measured by the self-constructed experimental platform, and the test
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results of the relevant rheological properties were analyzed. Thirdly, an rheological property model of the
molten material was established, and the theoretical analysis on the corresponding characteristic parameters
was completed. Through the comparison between the theoretical and experimental results, the correctness of
the theoretical model was verified, and the mechanism of the rheological properties of molten materlals were
elucidated. Finally, a sensitivity analysis was carried out on the analytical model to investigate the influence
of processing parameters on rheological property. The results show that the self-made composite filament
can be used to form good—quality green samples; the rheological property parameters of the molten material
gradually increase with the increasing filling ratio of the metal powder; the theoretical and experimental
results are in good agreement, validating the correctness of the analytical model; the nozzle diameter has
the most significant effect on the melt flow behavior of the molten material in the discussed parameter
ranges, followed by the building speed, while the effect of the molten temperature is relatively weak.

Key words: mechanical engineering; metal fused filament fabrication; 17-4PH stainless steel/polymer

composite filament; rheological property; analytical model
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Table 4 Interpretation of hot melt nozzle symbols
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Table 5 Static experimental results of green samples with different 17-4PH stainless steel powder filling ratio
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Fig. 13 Theoretical and experimental results of rheological property parameters of molten composite

filaments with different metal powder filling ratio
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Table 7 Comparison of theoretical and experimental
results of rheological property parameters of
molten composite filaments with different

metal powder filling ratio
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Table 8 Model sensitivity test parameters
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Fig. 14 Effect of nozzle diameter on rheological property parameters of molten materials with different

metal powder filling ratio
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Table 9 Results of effect of nozzle diameter on rheolog-
ical property parameters of molten materials

for different metal powder filling ratio
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Table 10 Effect of molten temperature on rheological

property parameters of molten materials for

different metal powder filling ratio

PRBUL - % 1 T 4% /mm
TR/ % - 0.4(KIAH) 0.6 0.8
JE R /kPa 398.01 161.21 92.78
R/ % — —59.49  —76.69
BYYIRE Jy /kPa 13.67 7.14 4.51
. iR/ % — —47.77  —67.00
FMFHEE/ (Pass) 56.09 99.93  147.99
iR/ % — 78.16 163.84
JE % /kPa 598.83 250.98  147.83
R/ % — —58.09 —75.32
_ BIYIRL Sy /kPa 20.36 10.95 7.05
40 R/ % — —46.22 —65.37
RUF L/ (Pass) 82.09 148.95  227.31
s/ % — 81.45 176.9
JE [ /IkPa 963.23 411.76  245.75
B/ % — —58.25  —74.49
. By )N 71 /kPa 32.54 17.78 11.58
! K/ % — —45.36  —64.41
RMFE/ (Pass) 129.83 239.45  369.67
K/ % — 84.43 184.73

4.2 1BREER I

P15 Sy s Rl iR B2 X AN [] 48 Ja g R 3 R 0
FlBA R A Bl g 2 e I S B S e, T DL
AR He W 5 U0 N 7 Ko 3% WL R 2 5 Bl ik UL B2
f T e T L RO RS (BT U0 ) R RLBE S
Js Rl R B2 RORE OG , B BUE R 10 s . ik 2
“hy WA e RO B B T 22 M RO VR B IR
BT FE3 it 3l 1 B A 5 IABOUE A 8 23 A, el TR
FETE R, 43 78 A% 50T BR, 43 RN O, IR

IR R o 5 Al IR /°C
TR/ Y% - 240(IMME) 250 260
JE W% /kPa 398.01 397.01  396.05
i/ % — —0.25 —0.49
By YINL F1 /kPa 13.67 13.64 13.60
. i/ % — —0.22  —0.51
RMFE/ (Pass) 56.09 55.94  55.81
R/ % — —0.27 —0.5
JE % /kPa 598.83 597.33  595.88
W/ % — —0.25  —0.49
; YY1 71 /kPa 20.36 20.31  20.26
T — —0.25  —0.49
FMFE/ (Pass) 82.09 81.88  81.69
K4/ % — —0.26  —0.49
JE W /kPa 963.23 960.81  958.49
K4/ % — —0.25 —0.49
S YIN 1 /kPa 32.54 32.46  32.38
o W /% — —0.25 —0.49

FIFEE / (Parss) 129.83 129.51  129.20
iR/ % — —0.25  —0.49

4.3 REEER R

P 16 S 18 280 3 52 5%k AN ] 6 J by AR T 78 R
Rl b LR Bl ) 2 R S RO R T L T R
UECRo )N ApA R g DR BE Y AR D NTR PN U
JIE D) i g 8 A R £ 4 ORI/ 0 o RIS g A B D7)

1200 40 140
—6— P4y~ 8- Pys—4-Ps —O— Ty~ B Tys5 A Ts
900 g 30 ff
£ = & 110 [—e— 49~ 2= nas =275
=4 R ook i
L it gy 20f it - %
=} B = 80F T S o
300 ® 10 ®
0 0 50
240 250 260 240 260 240 250 260
YRR /C FEREEE oC YERUERE /C
(a) B (b) BIIR g (c) RMBE

E15 BRREENTAEESENREXEEMMBREDNZHESHNZ MW

Fig. 15 Effect of molten temperature on rheological property parameters of molten materials with different

metal powder filling ratio
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Fig. 16 Effect of building speed on rheological property parameters of molten materials with different metal

powder filling ratio
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Table 11  Effect of building speed on rheological prop-

e

erty parameters of molten materials for dif-

ferent metal powder filling ratio
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