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Prediction Model of Power Loss of Expansion Seal Ring
Based on Two-Way Fluid-Structure Interaction
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Abstract: To address the issue of existing power loss models’ inability to accurately predict the
power loss of a working seal ring, a new power loss prediction model is proposed for the
expansion seal ring. A two-way fluid-structure interaction numerical calculation model, including
the shaft, the oil distribution sleeve, and the expansion seal ring. is established using the ANSYS
Workbench platform. Additionally, an expansion seal ring performance test system is designed
and built to verify the accuracy of the numerical simulation. A power loss prediction model is
constructed using the multiple linear regression method, incorporating the viscosity of the
hydraulic fluid, seal differential pressure, shaft speed, and main dimensional parameters of the
expansion seal ring structure. This model includes more influencing factors compared to existing
models. The analysis results indicate that the relative error between the predicted values of the
model and experimental values is within 9%, which meets the requirements of industrial
application. The sensitivity of power loss to the influencing factors, from strong to weak, is as
follows: seal differential pressure, temperature, and shaft speed. The seal differential pressure

has a significant effect on the power loss of the expansion seal ring.
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Fig. 1 Main structural parameters of expansion ring seal
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Table 1 Main parameters of gears

24 ol
R,/mm 59.2
R, /mm 59.6
R,/mm 62.3
R;/mm 62.5
b/mm 2.8
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Fig. 2 Expanded ring seal ring in assembly state
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Fig. 4 Structure simulation model
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Fig. 5 Structure simulation boundary conditions

2.4 KINISHE

Ji P % PR B B 5 I B AR AR L IR T
R R B RE R R 3 A, wE 6 T
AN IR R R G O S AS R B AL 1 IR E
T 9k O A DU A A A R P BT B e A K Bl
E IR RYFE R 3 bz B L 38 5 i I i ik P
T it o 30 3k HH AR/ R A g T T B % ) R 4
g, HAOTTH IR R 5 B0 R A AR S i B R AR
REBEN .

K6 ke % E el G

Fig. 6 Sealing performance test bench of expansion ring
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Table 2 Factor and level of the orthogonal experiment design

KA RBE/C EEIEE/MPa FEE/(re min )
1 30 0.3 1000
2 50 0.6 2 000
3 70 1.0 3000
4 100 1.5 4 000
5 130 2.0 5 000
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Table 3 Orthogonal design and the results
sy RE/  wmHEE/ K@/ HEIJIE M/

C MPa (r*min ') (N-+m)
1 30 0.3 1000 1.915
2 30 0.6 2000 3.787
3 30 1.0 3000 6.022
4 30 1.5 4 000 8.790
5 30 2.0 5000 11. 597
6 50 0.3 2000 1. 815
7 50 0.6 3000 3.707
8 50 1.0 4 000 5.905
9 50 1.5 5000 8.620
10 50 2.0 1000 10. 646
11 70 0.3 3000 1.927
12 70 0.6 4 000 3.856
13 70 1.0 5000 6.068
14 70 1.5 1000 9.108
15 70 2.0 2000 12,184
16 100 0.3 4 000 1.796
17 100 0.6 5000 3.962
18 100 1.0 1000 5. 307
19 100 1.5 2000 7.865
20 100 2.0 3000 10. 497
21 130 0.3 5000 1.750
22 130 0.6 1000 3. 9557
23 130 1.0 2000 5.619
24 130 1.5 3000 7.685
25 130 2.0 4 000 12. 422
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10734873 29 nO. 025 611#0.018 655 (AP)O.SMG 61 }Igg 7§% (Rj *R? )
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w13 (28) T THERHE 4 T 0 T A4 ik Pl % B g 6 ) T
WE . X 28) FITHE Hh 4% T 00T K 6% = BH )
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Table 4 Analysis of variance for the model

7 2 KR - J5 A B HiBE ¥ 5% F 1l Foo1 (3,21 i
M3 Sg 1. 930 3 0.643 1046. 610 4. 874 R
5% 2% Sk 0.013 21 0. 001

M2 Sr 1.943 24

A5 RIS X (28) FRMAL 69 He

Table 5 The comparison between the experimental value and the predicted value of formula (28)

e . . . M/(N + m) N
Gis  WE/TC W R 2/ MPa B /(r+ min™') o E— FHXTR 2/ 0%
1 70 0. 300 1000 1.157 1. 364 18
2 70 0.606 1000 2.354 2.755 17
3 70 1.013 1000 4.016 4.606 15
4 70 1.520 1000 6.523 6.911 6
5 70 1.946 1000 7.865 8. 848 13
6 70 0. 300 3000 1. 628 1. 403 —14
7 70 0.606 3000 2.684 2.834 6
8 70 1.013 3000 4.162 4.737 14
9 70 1.520 3000 6.710 7.108 6
10 70 1.946 3000 8.156 9.100 12
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Table 6 The comparison between the experimental value and the predicted value of formula (29)
G5 WREE/C BHIER/MPa B /(remin ) MIN - IR 2/ %
R 25 T i
1 70 0. 300 1 000 1. 259 1. 157 9
2 70 0. 606 1000 2.543 2.354 8
3 70 1.013 1 000 4,251 4.016 6
4 70 1.520 1000 6.379 6.523 —2
5 70 1.946 1 000 8.167 7.865 4
6 70 0. 606 3000 2.616 2. 684 —3
7 70 1.013 3 000 4,373 4.162 5
8 70 1.520 3000 6.561 6.710 2 —2
9 70 1. 946 3 000 8. 400 8.156 3
KO (28) HELEF B A AN, N 5 g D v BE S Pk OC R L Wi A Vi T B R A KL % B
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Fig. 11 Effect of end face width of sealing ring on power loss
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Fig. 12 Effect of fit clearance of sealing device on power loss ﬁ n
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Fig. 13 The influence of various factors on the power loss of

different outer diameter expansion ring
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Table 7 Range analysis of power loss

RH 356 S F1/ (N« m)

o

o T B i 8 T 22 %6 LESUDE A
T 32.110 9.205 30.535
T 30. 695 18. 870 31.270
T; 33.140 28.920 29. 840
T, 29.425 42.070 32.770
T; 31.035 57.345 32.000
0 6.422 1. 841 6.107
L 6.139 3.774 6. 254
£ 6.628 5.784 5.968
4 5. 885 8.414 6.554
t5 6. 207 11. 469 6.400
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Table 8 Variance analysis of power loss
S F-J7 B B ¥yo7 7% F1{H F,(4,12) M
T BE (B 1 K ) 1. 60 4 0. 40 2.00 Fo o (4,12)=5.41 NTE S
B 288.56 4 72.14 359. 69 Fo.05(4,12)=3.26 R
LT 1.07 4 0.27 1.34 NS
S 2.41 12 0. 20
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