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Development of screw structure without shaft for
high-temperature mechanized charging and
discharging in magnesium reduction process

REN Ling, XIA De-hong, YE Yan

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In traditional thermal reduction process of magnesium, charging and discharging were carried out in manual
operation. Based on this, the screw structure without shaft was proposed as the actuator inside the reduction jar. The
corresponding structure sizes and motion parameters were determined by theoretical calculation. The bending and torsion
stress were analyzed by the finite element analysis of ANSYS software, which can guarantee feasible parameters
designed and good mechanical property of the structure. By analyzing the temperature distribution of blade section, the
temperature changes of blade during the working time are in the range of material allowed, which proves that the blade
material is available. The blades at free end and at inner periphery are weak by the stress analysis. Therefore, a diameter
shrinkage structure at free end and blade with trapezoid cross section are presented. The results show that, by applying
the screw structure without shaft, the time for charging and discharging is shortened from traditional 2 h to 15 min, which
shows the designed structure with practical value is worth popularizing.
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Fig. 1 Screw structure with shaft
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Fig. 2 Screw structure without shaft
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Table 1 Characteristic parameters of pellet and slag
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Characteristic Packing density, Filling coefficient for Characteristic Characteristic

parameters y/(tm™) conveying, ¢ coefficient, K coefficient, 4
Pellet 1 0.2-0.25 0.057 3 40
Slag 1.22 0.25-0.3 0.064 5 25
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under various filling coefficients for conveying
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Table 2 Dimensions and motion parameters of screw
structure
Parameter Discharging  Charging
Outer diameter, 200 200
D/mm
Screw pitch, 160 160
S/mm
Rotati
ota 1ng.s13<laed, 40 30
n/(r'min )
Axial velocity, 0.017 0.012
V/(ms )
Total conveying quantity,
= 3.4 2.7
O/th™)
Conveying quantity for
. . 2.8 2.3
screw-in and screw-out/(th )
Time for conveyn.lg materials 13 38
through jar/s
Total time for charging and 239 130

discharging/s
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Fig. 4 Finite element model for screw structure without shaft

XFTANRI AR, B4R 52 25 RE R b 5 K,
I E 5 frs. B s 1=0.4 m,
JEEE 6=0.01 m, WEHENEDHIECY 0.064 0.07. 0.08
0.1 m. HIE S FRTE, BEEIRIE N ARG R, Job
W A P e R il S T sk, T B KL A B ) AR A AN
K, BB il NI RE B35 TR, A W FE AR A AN B
o ULHHIBIE NARBOR, MRS i PR Re L. H
S Bl WRTE N AR O, B P A Rk T AR
/Ny NSRS R AR R o WRiE A A S5 kL
R IHA R R ML WK 6 fror, ULEHNEIHA
RECHO,  UEESRIETE RN . 6NN, Zk
YIRHER REE D RT 0.25, KUILIBE A 2L HCh
0.08 m, WAMELLN 0.4,

TR BRI, 5 KR 7 AR Ak KA ]
7 iR BEIFPI2EEN R d=0.08 m, ) JEE 6=0.01 m,
FE K B 0.4 0.55, 0.7 F11.05 m. HHE 7
ALAE H, BEE LSRR N, oK Es v ) B
B, s KA N ARG o

X TAEE K L=0.4 m, WRTENIE d=0.08 m, I
TR 3 51 ECh 0,003 0.008, 0.01 F10.013 m, Kk
N B R FER AR B 8 Frs. HHIE 8 WA, Bl
H R JEEERRE N, SR A K, KN

110 = — Bending stress

e — Torsion stress
100 [

90 -
801

70

Maximum stress/MPa

60 &

50l ]

0.06 0.07 0.08 0.09 0.10
Inner diameter of screw strucutre/m

B 5 HRN S BERE AR AR K (L=0.4 m, §=0.01 m)
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