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Abstract: In order to study the effects of the distribution pattern of the circumferential spring force on the
sealing performance of the sealing device, a mechanical model was established for the circumferential spring, the
cause of the uneven distribution of the circumferential spring force was analyzed, and the critical range of the un-
even spring force distribution was predicted and analyzed. A leakage prediction model was established to study

the sealing performance of the sealing structure. Firstly, the main structure of the circumferential sealing device
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was subjected to analysis, and the effect of uneven loading of the circumferential spring on the deformation of the
sealing structure was studied. Then, the ANSYS software was used to perform structural-thermal coupling simula-
tion calculations on the main components of the circumferential sealing device. The simulation results show that:
the additional torque generated by the uneven circumferential spring force causes the seal ring to warp and de-
form, and the maximum position of the radial contact gap of the main seal surface appears in the joint area of the
seal ring. Compared with the condition of uniform spring force distribution, when the unevenness of the spring
force distribution form is inside the critical range, the contact gap increases by 24.52%, and the gas leakage
amount increases by 7.99%, and when outside the critical range, the contact gap value increases in multiples,
and the amount of gas leakage increases by an order of magnitude. In summary, the uneven distribution of the cir-
cumferential springs force results in an increase in the contact gap value of the main sealing surface, an increase
in the leakage of gas from the sealing structure, and a decrease in the sealing performance of the sealing device.
The uneven distribution of the circumferential spring force has a serious impact on the sealing performance of the
sealing device. In practical engineering applications, it is necessary to ensure that the uneven distribution of the

circumferential spring is inside the critical range, so as to prevent the sealing performance of the sealing structure
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from being reduced due to the spring stagnation.
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Fig. 2 Analysis of seal ring force
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Fig.3 Mechanical model
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Fig.4 Prediction of deformation on integral ring structure
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Table 1 Material properties

Material Elastic modulus/ Poisson’s Density/ Thermal conductivity/ Specific heat capacity/ Thermal expansion
arena GPa ratio (kg/m?) (W/(m-"C)) (J/(kg+"C)) coefficient

Graphite 14 0.25 1930 60 900 5.0x107°
Steel 206 0.3 7800 23 460 1.06x107*
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Table 2 Structural parameters (mm)

Parameter R, R, R, L L, c b A

Value 60.0 60.5 61.5 0.7 1.5 1.0 1.5 2.8
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Table 3 Working parameters

Air cavity 0il cavity Rotating Radial
pressure/MPa  pressure /MPa  speed/(r/min) runout/pm
0.4 0.05 14675 18~28
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Table 4 Non-uniform loading value inside the critical range (N)

F, F, F, F, Fy F, Fy Fy
9.9907 10.0201 9.8828 10.0875 9.8747 10.1319 9.8563 10.1240 10.2315
F]O F]] FlZ F13 F]S Fl() F17 F]S
9.9573 9.9648 10.0655 9.9373 10.0090 9.9910 10.0875 10.0220 10.0707

Note: The maximum radial component force applied is 3.5347N and the minimum radial component force is 3.4561N.
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Table 5 Non-uniform loading value outside the critical range (N)

F, F, F, F, F, Fy F, Fy Fy
8.5111 10.6611 9.5783 9.9259 11.2879 11.6207 9.2045 10.3131 9.9012
Fl() Fll FlZ Fl3 Fl4 FlS F]G Fl7 FIS
9.1546 9.4823 8.7869 9.3331 9.8051 9.0340 11.2885 10.3887 10.2223

Note: The maximum radial component force applied is 3.9780N and the minimum radial component force is 3.1465N.
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Fig. 6 Seal ring deformation
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Fig. 7 Contact gap of sealing ring No.1

(b) Non-uniform inside the critical range

18

-0.5473
-0.5894

(¢) Non-uniform outside the critical range

Fig. 8 Contact gap of sealing ring No.2

Gap/mm Gap/ mm
0
i -0.0215
200397 Z0.0431
-0.0620 -0.0646
-0.0827 -0.0862
-0.1034 -0.1077
-0.1241 -0.1293
-0.1448 0.1508
~0.1654 -0.1723
-0.1861 -0.1939
~0.2068 -0.2154
~0.2275 -0.2370
-02481 -0.2585
-0.2688 -0.2801
-0.2895 -0.3016
(a) Uniform
Gap/mm Gap/mm ( (‘
0 \
20,0214 -0.0217 \
200428 -0.0434 \
-0.0642 -0.0650
-0.0856 ~ -0.0867
-0.1070 -0.1084
—0.1284 -0.1301
-0.1497 | -0.1518
~0.1711 N -0.1734
-0.1925 9 \ -0.1951
02139 -0.2168
-0.2353 N\ -0.2385
E 43
:8;%38; ~— ot B3
(a) Uniform
Gap/mm Gap/mm (‘
—0.0201 -0.0217 X
—0.0402 —0.0433 \
—-0.0603 —-0.0650
-0.0804 -0.0867
-0.1005 -0.1084
-0.1206 —-0.1301
i 434
202000 202167
-02210 -02384
02411 -0.2601
-0.2612 -0.2817
-0.2813 -0.3034

(a) Uniform

(b) Non-uniform inside the critical range

Gap/mm

(¢) Non-uniform outside the critical range

Fig. 9 Contact gap of sealing ring No.3
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Table 6 The maximum value of the contact gap (mm)

Loading form Seal ring 1 Seal ring2  Seal ring 3
Uniform 0.2895 0.2995 0.2813
Non-uniform (ICR) 0.3016 0.3035 0.3034
Non-uniform (OCR) 0.6025 0.5894 0.5697

Note: ICR/OCR in the table means that the uneven spring force is

inside/outside the critical range.
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Fig. 10 Contact gap distance
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Table 7 Comparison of the leakage (L/min)

Loading form This article  References[29] Experiment
Uniform 2.9616 5.7519 -
Non-uniform (ICR) ~ 3.1985 6.3971 3~10
Non—uniform (OCR)  37.9086 56.7977 30~ 50

Note: Because it is difficult to guarantee the uniform distribution of
spring force in the experiment, it is impossible to give reasonable

experimental data under uniform loading conditions.
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