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Pressure resistance mechanism for spiral magnetic fluid composite seal of cone bit

Zhou Yi Li Tianquan Zhou Yi Wang Ruchen

(School of Mechatronic Engineering , Southwest Petroleum University, Sichuan Chengdu 610500, China)

Abstract; The spiral magnetic fluid composite seal structure of the cone bit is characterized by active sand removal and automatic com-
pensation for slurry sealing effect, as being a new seal structure for cone bit. Pressure resistance is the key to determine the perform-
ance of this new seal structure. Therefore, the paper constructs a numerical simulation model of magnetic field and magnetic fluid
coupling for the spiral magnetic fluid composite seal of cone bit, and the whole process of pressure resistance and sealing performance
of the spiral magnetic fluid composite seal is achieved in terms of magnetic flux density, magnetic induction intensity and theoretical
pressure resistance. The study focuses on the influence law of working condition parameters (speed and temperature)on the pressure
resistance of the new seal. Numerical simulation reveals that the magnetic lines of force are densely distributed at the top of pole
shoe, which can achieve poly magnetic effect, and the magnetic field intensity at the top of the pole shoe will be higher than that at
the seal gap; the magnetic flux density at the top of pole shoe is significantly higher than that at the other positions; the magnetic in-
duction intensity at the top of each pole shoe is high and similar, and the magnetic induction intensity at the top of pole shoe is the
largest, and can reach up to 3. 6978 T, while that at both tooth space and seal gap is 0. 24 T. In addition, there is a large magnetic
induction intensity gradient at the top of pole shoe. The theoretically calculated pressure resistance value is 1. 09 MPa, which has ver-
ified the feasibility of the seal structure design. As the speed and temperature rise, the pressure resistance of the whole seal structure
drops. Compared with speed. temperature has less influence on the pressure resistance of the seal structure. The pressure resistance
of the spiral magnetic fluid composite seal of cone bit is verified by experimental studies, and the influence law of working condition
parameters on the pressure resistance is also revealed, from which it can be see that the experimental results are consistent with the
simulation results.
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Fig.1 Spiral magnetic fluid composite sealing structure of cone bit
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Fig.2 2D simulation planar model
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Fig.7 Location of maximum magnetic induction intensity

(3) B

DA 5 DA Ry e o5 DA 8 R Sk it 1 A R 2K L
et TT 35 2% B [ B 22 ) 45 ] — 4% B L2k Poly-
line([& 8)., fE37 it % v, kL Polyline Jy % 42, % Bt
1000 A RAE A, i H 0% J8% 0 58 B 5 Mag-B., i 415 5|
5[] AL T R 5 3 4 A (JEL 9D

11

5Smm

Feshkhe AL

B8 MmHEELIM
Fig.8 Pole shoe path distribution

HI T O BT LA M 9 26 A0 i T8 A0 o R % 1 i
JEE R /N T P 1 B Al TS A 0 Ak B AT K e/
SRRV 58 BB e KA o /ML SRS B IR G A 16 B L
SR B A U RS R i Y B AT T

20
o 15F
i
B
B0l
& 1.0
&

o5t L

0 . . .
0 4 8 12 16

BEES / mm
B9 %5 xtiE) R AL #k B RY OB B 4y

Fig.9 Magnetic induction intensity distribution at the seal gap
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Table 1 Magnetic induction intensity at seal gap

%% Buw/T  Buin/T
1 2.1456 0.0192
2 1.764 4 0.0160
3 1.4293 0.0268
4 2.0628 0.0774
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Fig. 10 Geometric model and grid partition for flow field
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Fig. 13 Seal failure process at different rotating speeds
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Fig.15 Schematic diagram of the test device for the spiral magnetic fluid composite seal of cone bit
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Fig. 14 Seal failure process at different temperatures
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Fig.16 Main structure of the test device for the spiral magnetic fluid composite seal of cone bit
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Table S5 Pressure resistance values of the spiral magnetic fluid

composite seal structure at different rotating speeds
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0. 95

100 0.92 0.920
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250 0. 69 0.733
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Fig. 17 Failure diagram of the spiral magnetic fluid composite seal structure at different rotating speeds
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Fig. 18 Comparison of pressure resistance test data and

simulation data at different rotating speeds

B 60 CHF, & KT K fE Ry 0. 973 MPa, i
180 C i}, f52 /Nt FEAB 4 0. 683 MPa, 5 B it & . Tif &
328 ol 1 W R L X T BAR WG AR B IR AE R
28T R I P AR L AELIE K B B R R 3 R
E T B ANR 7 A58 o U BE T IR Ak ) B S e s R R AR
s 5 0K G A T B 78 0 I AR ME K 2 B Dk 1Y e

H1 &1 19 ] LA 5 2690 I i e AR 3 st A ] 19 2%
I Bt R B B3 T B e R A T R I A 8 T
B 60 CBMRE AR S S i £ IR EE R 180 C i

x6 BRUMRAESTHEMAREBEE THMEE
Table 6 Pressure resistance value of spiral magnetic fluid

composite sealing structure at different temperatures

WE/C W HE{E/MPa V-3 1 {H/MPa

0.98

60 0.97 0.973
0.97
0.95

90 0.92 0.920
0. 89
0.85

120 0. 84 0.853
0. 87
0. 76

150 0. 81 0.773
0.75
0.72

180 0. 68 0.683
0. 65
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Fig.19 Failure diagram of the spiral magnetic fluid composite seal structure at different temperatures
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simulation data at different temperatures
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