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Fig.1 Structure diagram of plow blade mixer
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Fig. 2 Packing and gas combination dynamic shaft seal

B FEHAN T A BB G %)
BB RMRE SR T TAEA B 7 LS2935 S0k
BRI BHE T, AR 2 B A
2 FHEFITRERIT
2.1 IR

RUVREYL AR  TAEN RN R 124
0.1 MPa, [EAIH 753 <70%, E5 34 80~100 r/min.,

Sy fif P H AT AL IR A WL SN il 2 b 2R A AR A )
RO, B AR BT L -

DAL B R g 5 B 8 1, it
Sy R e SR By 32 B AR 1 B
B B N e PO B SR i [

2) AN DAFZ finh x5 B by sl e 4 e 1) R 5
LI G ARk it T 22 e st R st e, e i 3
RIS A T B0 B e 3

3) K BT B Ty sl e Y R I8
JE 25 J5f AL R R IR T U P 493 AR 4 A A 05 3R [ 8 s
PR S 3, HE RERE R I i A k) 5 2 R 1Y
JEEAE BRI, (R UE 2 s 0 il A5
22 WIHHFER

HRH St o 2 BT T LB AR S i 25 B e i
T AN 3 B ARG 3, e a5 1k B A
RO SR B R DU R B R R
FER A A EETE R, WA B AR IR B R
S I o I IE S Y S W S S R S R 2B U b =
BRI AR, 35 SR B FRRUR SR G 4/ Nk
Pk B B R M R i AN HERUO SR
NS

-;----Ll'

N
REHIE aH R
(a) “GtI 1 =) s

E3 amEHEER S
Fig. 3 Design scheme of dynamic shaft sealing device
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Fig. 4 Schematic diagram of spiral seal working principle
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Tab.1 Design values of spiral seal parameters

SR {8
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IRESR /() 4.18
IR ERE A /m 0.02
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Tab.2 Design values of labyrinth seal parameters
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Tab.3 Input for simulation analysis of labyrinth seals
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Fig. 5 Simulation results of labyrinth seals under differ-
ent inlet pressures, flow velocity cloud map
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Tab. 4 Simulation analysis results of labyrinth seals

JEJ1/MPa Tk /(m’s™) SEH i (mes ™)
0.14 0.003 21 7.11
0.18 0.003 71 10.63
0.22 0.003 90 13.65
0.26 0.003 99 16.47
0.30 0.004 04 19.18
0.34 0.004 07 21.86
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Fig. 6 Model diagram of plow blade mixer
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Tab.5 Spiral sealing test plan and residual quantity test

results
G YrkEHE R E558/(r-min”") B ht/g
1 80 2522
2 50% AR 90 28.13
3 100 23.45
4 80 30.78
5 60% A7 90 31.66
6 100 29.17
7 80 30.24
8 70% JEIARZEAR 90 33.65
9 100 32.58
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Fig. 7 Disassembled physical image after spiral sealing test
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Tab. 6 Maze seal flow test results

JEJ3/MPa PRRF R (™) FH/(mes™)
0.14 0.002 11 4.67
0.18 0.002 76 791
0.22 0.003 13 10.96
0.26 0.003 44 14.20
0.30 0.003 78 17.94
0.34 0.004 02 21.59
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Fig. 9 Field diagram of the dynamic shaft
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Fig. 10 Physical diagram of disassembly after the test of

the dynamic shaft sealing device
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Design of Sealing Device for Plow Knife Mixing Machine Shafts Based on Powder Media
ZOU Junwei'”, LI Yibo', WANG Xunhud®, JIANG Fanghong’, SONG Yuliang’, HE Hud’
(1.College of Mechanical and Electrical Engineering, Central South University, Changsha 410000, China;
2.Explore Mechanical Technology Co., Ltd., Zhuzhou 412000, China)
Abstract:
Objective There are challenges related to improving manufacturing and assembly accuracy to ensure adequate sealing performance. The sealing
device of the plow blade hybrid motor shaft, which primarily relies on gas sealing, exhibits low sealing performance and a short service life.
Methods This study proposed enhancing manufacturing and assembly accuracy and improving sealing performance. A new design concept and
scheme for the plow blade mixing dynamic shaft sealing device were developed by applying the spiral conveying principle and integrating vari-
ous forms of sealing in the powder medium dynamic shaft sealing device by combining the sealing structure and principles of the plow blade mix-
ing dynamic shaft. Based on the theoretical calculation of the maximum leakage speed of the 2 000 L plow blade mixer material, the design objec-
tive aimed to ensure that the conveying speed of the spiral seal for the leaked material exceeded the material’s maximum leakage speed, determin-
ing the design values of the main parameters of the spiral seal. Then, the theoretical maximum material accumulation in the gap between the spi-
ral seal and the inner wall of the sealing seat was derived from the main parameter design values of the spiral seal. This maximum theoretical ma-
terial accumulation served as the foundation for ensuring that the volume flow of the sealing gas after passing through the labyrinth seal surpassed
the theoretical maximum material accumulation. Therefore, the main design values of the labyrinth seal were obtained. Thereafter, SolidWorks
Flow Simulation software was employed to preliminarily verify the design results of the labyrinth seal and to assess whether the volume flow rate
of the sealing gas after traversing the labyrinth seal exceeded the theoretical maximum material accumulation. The simulation outcomes con-
firmed that the labyrinth seal design satisfied the design criteria. Then, experimental research methods were utilized to determine whether the ac-
tual residual amount of material in the sealing seat of the dynamic shaft sealing device was less than or equal to the theoretical maximum accumu-
lation amount when the sealing gas was not introduced, and whether the actual sealing gas volume flow rate after labyrinth sealing surpassed the
actual residual material amount.
Results and discussions The results revealed that 1) the continuous sealing time of the new dynamic shaft sealing device was > 120 hours, nearly
doubling the continuous sealing time of the existing dynamic shaft sealing device; 2) by employing spiral conveying and introducing sealing gas
through the labyrinth seal, most of the leaked materials to the primary seal were promptly transported or cleaned back into the chamber, reducing
friction and wear between the seal and powder materials, enhancing the dynamic shaft device’s sealing performance, ensuring the seal’s service
life, and avoiding the high manufacturing and assembly accuracy requirements of the dynamic shaft sealing device that used gas seal as the pri-
mary seal; and 3) compared to the current dynamic shaft sealing device, the newly designed dynamic shaft sealing device exhibited reliable seal-
ing performance, lower manufacturing costs, and easier installation and maintenance, meeting the sealing performance and service life require-
ments of the plow blade mixer for the dynamic shaft sealing device.
Conclusions At present, this novel plow blade hybrid motor shaft sealing device has been successfully applied to the production equipment of
multiple lithium battery material and military enterprises. It has also been extended to various types of powder material production equipment, re-
ceiving substantial customer recognition. The research findings provide valuable insights for improving the sealing performance of the plow blade
hybrid dynamic shaft and for advancing the application of dynamic shaft sealing across multiple types of powder media.

Key words: ploughshare mixer; powder medium; dynamic shaft seal; design
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