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RESEARCH ON LEAKAGE MECHANISM BASED ON RADIAL

ERROR BETWEEN SHAFT AND OIL SEAL

ABSTRACTS

Oil seals are a key component of leakage prevention in industrial
equipment, affecting equipment reliability and energy efficiency. There is
a radial installation error when the oil seal 1s actually used, which leads to
the uneven distribution of the circumferential compression ratio of the oil
seal, resulting in serious local leakage. Therefore, it is important to study
the leakage mechanism of oil seals under radial error.

In this paper, the leakage mechanism of oil seal static seal under
radial error is studied. The equivalent deployment model of the rotating
shaft oil seal was established, and the static leakage behavior of the oil
seal under radial error was analyzed by the finite element method, and the
results showed that the leakage was proportional to the radial error,
temperature and fluid pressure.

In this paper, the leakage mechanism of the oil seal dynamic seal
under radial error is studied. The two-dimensional model of the oil seal in
the quarter hemisphere and the rotating shaft was established, and the
dynamic leakage behavior of the oil seal under the radial error was

analyzed by the finite element method, and the results showed that the
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leakage was proportional to the radial error, temperature, fluid pressure
and rotating shaft speed.

In this paper, the experimental method of oil seal leakage behavior
under radial error is also studied. By building a test bench for the
rotational performance of oil seals and using orthogonal experimental
methods, the variation laws of static and dynamic leakage of oil seals
under radial error with different working conditions parameters are
obtained. The results show that the experimental results are in good
agreement with the theoretical prediction results, and the authors also
analyze the error between the experimental and theoretical values. The
research results of this project can provide technical support for the

design and selection of oil seals under the actual radial error.

KEY WORDS: Shaft oil seal, Static seal, Dynamic seal, Finite element,

The amount of leakage
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P F i B (10 R i T 55 A ek TR I SR T AR, T DASRAS A [

H S PR g 2 PR, AR S BR XS i PR A B BR AR, 58
AiZRH 3/2 IR IEEE, AT RIRY:
P4

R 3r

Horp QRS MR,  JVBEIEARE T, AEREECE R, EMUREE SRR
B, pNIEAR. N T R RO AR, £ ESTRIAE RS H k(8
HAR N

3
P En? (3-1)

F 4 .°
=—kE'1? (3-2)

P=—>
7R~ 3w

A K="kE", NG:

F = KR*n? (3-3)
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TR R 2 A S

CPRESS

% +6.728e-01

() &

+6.167e-01
CPRESS

+5.607e-01
% +1.120e+00

U, Magnitude

+9.993e-02
+9.160e-02
+8.327e-02
+7.495e-02
+6.662e-02
+5.829%9e-02
+4.996e-02
+4.164e-02
+3.331e-02
+2.498e-02
+1.665e-02
+8.327e-03
+0.000e+400

A5 F=10%

U, Magnitude

+1.99%e-01
+1.832e-01
+1.666e-01
+1.49%-01
+1.333e-01
+1.166e-01
+9.994e-02
+8.328e-02
+6.663e-02
+4.997e-02
+3.331e-02
+1.666e-02
+0.000e+00

(b) &

+5.046e-01
+1.027e+00
CPRESS

+4.485e-01
+9.334e-01
% +1.693e+00

i E=20%

U, Magnitude
+2.998e-01
+2.748e-01
+2.499%e-01
+2.24%-01
+1.99%e-01
+1.74%e-01
+1.499%-01
+1.24%-01
+9.994e-02
+7.496e-02
+4.997e-02
+2.49%-02
+0.000e+00

() &

+3.925e-01
+3.364e-01
+2.803e-01
+2.243e-01
+1.682e-01
+1.121e-01
+5.607e-02
+0.000e+00
+8.401e-01
+7.467e-01
+6.534e-01
+5.601e-01
+4.667e-01
+3.734e-01
+2.800e-01
+1.867e-01
+9.334e-02
+0.000e+00
+1.552e+00
+1,411e+00
+1,270e+00
+1.129e+00
+9.877e-01
+8.466e-01
+7.055e-01
+5.644e-01
+4,233e-01
+2.822e-01
+1.411e-01
+0.000e+00
CPRESS
+2.551e+00
+2.339e+00
+2.126e+00
+1.914e+00
+1.701e+00
+1.488e+00
+1.276e+00
+1.063e-+00
+8.505e-01
+6.379e-01
+4.252e-01
+2.126e-01
+0.000e +00

G R =30%

U, Magnitude
+3.997e-01
+3.664e-01
+3.331e-01
+2.998e-01
+2.665e-01
+2.332e-01
+1.99%-01
+1.666e-01
+1.332e-01
+9,993e-02
+6.662e-02
+3.331e-02
+0.000e+00

(d

i K =40%

] 3-2 20°C I ot Rl R R 52 (BRAEARO8 1mm)
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CPRESS

% +6.728e-01

U, Magnitude

+9.993e-03
+9.160e-03
+8.327e-03
+7.495e-03
+6.662e-03
+5.829e-03
+4.996e-03
+4.164e-03
+3.331e-03
+2.498e-03
+1.665e-03
+8.327e-04
+0.000e+00

() &

I5F=10%

+6.167e-01
CPRESS

+5.607e-01
% +1.120e+00

U, Magnitude
+1.999%e-02
+1.832e-02
+1.666e-02
+1.499e-02
+1,333e-02
+1.166e-02
+9.994e-03
+8,328e-03
+6,663e-03
+4.997e-03
+3.331e-03
+1.666e-03
+0,000e+00

(b) JE

A %=20%

+5.046e-01
+4.485e-01
+3.925e-01
+3.364e-01
+2.803e-01
+2.243e-01
+1.682e-01
+1.121e-01
+5.607e-02
+0.000e+00
+1.027e+00
+9.334e-01
+8.401e-01
+7.467e-01
+6.534e-01
+5.601e-01
+4.667e-01
+3.734e-01
+2.800e-01
+1.867e-01
+9.334e-02
+0.000e+00
CPRESS
+1.693e+00
+1.552e+00
+1.411e+00
+1.270e+00
+1.129e+00
+9.877e-01
+8.466e-01
+7.055e-01
+5.644e-01
+4.233e-01
+2.822e-01
+1.411e-01
+0.000e+00

U, Magnitude

+2.998e-02
+2.748e-02
+2.499%e-02
+2.249e-02
+1.999%e-02
+1.749%9e-02
+1.499e-02
+1.249%9e-02
+9.994e-03
+7.496e-03
+4.997e-03
+2.499e-03

+0.000e+00

() &

i F=30%

CPRESS

+2.551e+00
+2.339e+00
+2.126e+00
+1.914e+00
+1.701e+00
+1.488e+00
+1.276e+00
+1.063e+400
+68.505e-01
+6.37%e-01
+4.252e-01
+2.126e-01
+0.000e+00

U, Magnitude

+3.997e-02
+3.664e-02
+3.331e-02
+2.998e-02
+2.665e-02
+2.332e-02
+1,99%e-02
+1.666e-02
+1.332e-02
+9.993e-03
+6.662e-03
+3.331e-03
+0.000e+00

D JE

A5 R =40%

K 3-3 20°C Il AR fil i 5 53R R (BRFE4225 0.1mm)
Kl 3-4 JEoR T ANENRE T T ISR RN R il 5 ) 5 R4 2 1) 0% &, it W
SEAHE R I, T A ik s 77 Bl H 246 22 XD SR 0 185 K, ELHG OR I J 248 AR A K65
H AT PATHSEAR 21 3-5 Fros A RREE T KAE 5 E48 R KK R« 1l 2 5t

EHEAFRRE T K5 R85y 18 RERIE:
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LR RER 2 2 10 S

K =58.915> +0.072 +4.668 20°C
=50.357% +0.1274 +4.032 30°C

(3-4)
K =48.121% +0.16797 +3.867 40°C
K =46.84n% +0.07827+3.723 50°C
B BN (3-3) KBPAT1E:
3
F =R’n?(58.917° +0.072 + 4.668) 20°C
3
F =R°n? (50357 +0.1274n+4.032) 30°C
X (3-5)
F=R’n>(48.127° +0.16797+3.867) 40°C
3
F = R’n>(46.84n° +0.0782n+3.723) 50°C
L BIOMAR B A0™ R i 0 5 R 4R R 9L &R
4 1 | 1 | 1 | 1 | 1
| ——20°C 1
——30°C
3 . —
= ——40°C
Z I ——50°C T
N2 - —
H
@ | i
ﬁ;}gg
1 —
0 | 1

0.0 0.1 0.2 0.3 0.4 0.5

el 34 AIFELFE R AR I 5 FRA 56 5
3.4 HE SEMHEMI A RT ORI E

FERPL G PSIRp i Ui Eay =y mESE LS HEQITE S L VIR RIE R G o SRR TR 1
B, T 5 e Y i [ 77 RS B AT BR T AR SR A5 . il B 1R
[B15e JUMTRFALE il /NS, il 55 e i O R 2y — 4 PROCAR A v
25 18 2 Al et MR A Jo o s, SHLARE PEE AT AR Bz K i AR AT o, e il
FUE NIRRT, [RIFEH, D 2 b il F b v e DT KIAA, S P s i
IR 2 AR M Tt O 5] 5 (582 L0 Ao Yot SRAB ISR R 7 DR T DU S WA, DR dbLi
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LR RER 2 2 10 S

FERSELOL N A 77, S50 =B DI 55— 8 D e Rk
ERD:i) VR = N w0 5 0 £ 17§11 2 el [ DR R S ¢ i e e B B N 2 g
FEAM B A PR 775 58 =8 20 AR I BRSO BRI, BRAUA 2
P e Rl B ACIRAS o il 3 AORE 2 BOR 3 X900 & 4 A g N\ B Sk AR A
M, ARTCEAEA I 3-6 Fror.

15 T I T I I I
—s—20°C
—e—30°C
12 F—a—40°C 2 N
~ '+500C /'
< o,
A
=91 9 .
M /j4
/
61 r y
i
&
3 1 | 1 | 1 | 1 | 1
0.0 0.1 02 0.3 04 0.5

JE 42
K 3-5 AELE N KBS B4R 1% &

53

LB
K] 3-6 Ji1E 5 3 il PR TR A 1Y
3.5 RENRE NEHEIEAM IR R A HFEER
S T R, i L i 15 0 D Pt e B2 P2
B, BRI, JCE R 1 B A R AT . S T
FOR P 325 S0 T AL A TR 2 40V sRAEH006 671, A (RSE 45 IR P 5 AR
M RIS R T BT IR T, TR 327 B i TR B, 4
KR BRSNS R A 11 5 2 TR i 5 1 L
FEIE T X BB BB S TR 2, AU E RN R A Fom, ToRa
BURH R
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L Dy
_ =
L L O Pinn
@ L @
R Q7.
Z Y o P o
Pl,l a Pl,n
| >\ .

B 3-7 B E] B N RS ) A BR 22 o Y
M (2-13) WA, HgmEsmtsr) o, LWESHHEENELT, %
A R, 8 SRR R RISRAR AT 45 22 1 [ 125 8] B -

h =n R (3-6)
KHATLENSHR RINT
h 2
x=2, 6 z=%2 @g==2 p=-L|C (3-7)
D, L 2c pn R,

Hrp A p R AN AT R N ELAR AN AR, L OB R O 55 HR
T T8 L, ¢ ARRTEAR A1 TR ZE I 0 J 10 2 -5 A el D 1 o ] ) )52 2
PN E BRI AR B JT A REE, n R

3 EBE M 1 Reynolds J7 7229

fr— 2 [r— —
O (g2 [P O g0P) ¢, 00 (3-8)
oX oX L ) oz 19) oX
A PR Z kR IR, ik B XS R
_ [__13 Fi,_/+1 _pi,_j [‘_[3 ﬁz; _E,j—l
i_ I—_[3 a_ﬁ _ i,j+1/2 T __ i,j-1/2 T
oX oX AX
_ o3 ﬁm,_/ _E,j _I? ﬁz] _é—l,j
i_ 7 a_]_) _ i+1/2,) A7 ~ i-1/2,j NG (3_9)
oz oz AZ
@ _ ]—_[i,j+1/2 _I—_[i,j—l/z
oX AX
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R W PN e el VAT

A A . (DY(- PB. . B.Y -
67[ 2 1/2AX' 2 +(3) [Hi-l/Zj Azlg +Hl'3—1/2,j AZ_l,é ]+Hi:jj+l/2

i,j 73 T 73
( j +1/2 J +H 1/2] H i,j+1/2 +H i,j—1/2
73

AZ? AX?
[FIWF, 5 HHEA R

]
|

~
It
[—
(=}

~

CRUb S

H,=H,, (i=1--m)_
_ o (3-11)
B,=P, P, =0, (j=L:-,n)
Hrp UK BRI TC R 58
A3 BR 22 73 1AL R A S ) e R 2R -
ZZ‘ P(") pqc—n
U <A (3-12)
zzp(k)

i=lj=l1

Horp A ACRANCSIE, & IEARIREL

P T 5 A LR AR [0 TR 2, AR L A e it o 1 s 2 2P [ S 5
[ ) o A A8 BTel, AFRER LU i SR I &, A 5 B Rl AE
7 R0 e N Sy, WIS S8y 7/ 2 NERCORE, AT DU BER
PRLE BR8] A TR B A — A, ARFE VLIRS 818, R B (e B
FRY et ) YHE R 2 -

0 DA dp (3-13)
" 12uN dz
FIt LA s 2 T R A
N D, s dp,
=20 =—23p L -
© EQ’ 12,uNzZ;' dz G-19

3.6 SHEEHMIRIUMIT B AL

T BB SR TR, AR CAAE Bgs AR B
R TR AR AT U, W 3-8 s, AFEROMEEA BT 7, K=
YR FRAR R OO, RSE T E A, THIRSER LTS EIM R S Hei N,
R BEAT A IR TCRME, RAF i DR s 70 AR 56 75, (B el Tl (1 %
), ASFRJE T 58 B HEAT AL B, R AN RO A9 T A 9 P AE A
TG o TF ST R4 R IRAT- T (BB, e TR B AT B AR X E s 2 AR i
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LR RER 2 2 10 S

TRBNF15A 08, BT BRZE 70 SR R AL i AR 3 77 2 RN, FRASAE— 70 i) itk
B, I APAF R I E R

| e </ men / -

‘ m n =)
B . T LLE;
Fy =[N @) F (1)dn / AE. /
_ B
B =R £ 2@ 2

>3

p) _ pl-1)
i ]':1|-Pi'f P'] |
<

Bk

»| Tl PR | |
k=1
A ECPS

Pl 3-8 B IR BN 577 1 S B A
3.7 HEEH TN IMER

Bl 3-9~1 3-12 JR/R T AR RS8N 0.1MPa B, AR . AN [F] 46 2 (13
BB A1 o0 A . BENSE . MRHRZ N, IR4EREOR, B AERE Von Mises
NI, IR, R4 58 K = BN e & 5 e i 1 Ak 06 1) J= B A2 7
T2 Von Mises W /34K, WEAATE, & RgiR B BRI, MBEN
HNATRER R 2, MM FEL Von Mises N 70 K o AH HGIAAAR H 50T ity s e A 357
RLHIFEME, J R AR T LR BN R, 32 H T3t B T UART ) S 3, it
J& I8 B i M R B B AR, S Bl T O g . IR LRI ARAE
SR Gy A R R N AR, RN B, R R ARREE N, A s s
SO S o IRAE R ARG O N, m R, TS A ER ) Von Mises B /78] .
BT BACIL R, BT BRSO B AR R R 40 R 7
A SRR R T3/, JEAR Von Mises N F1I]N o

B 3-13 feon 1A FHREEAIAS [F) B 2 1 i T s AN il 5 22, MBI T
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TR R 2 A S

PAREL, AR ASFNREE T b 35 115 5 Bl 2 i 42 ik o8 5 L — 24
YR AL 20°C~50°C Z [a]I, -5 3 f e i 96 15 L-F AN SZ R s . (E
H TR R S AR A R R SR AT 9 — € HORE , BT DAAS R IELRE R A4
SR B X . B R Ry, i T R A (i T i

S, Mises S, Mises

(FH: 75%) (FH: 75%)
+3.363e-01 +5.936e-01
+3.082e-01 +5.441e-01
+2.802e-01 +4.947e-01
+2.522e-01 +4.452e-01
+2.242e-01 +3.958e-01
+1.962e-01 +3.463e-01
+1.681e-01 +2.968e-01
+1.401e-01 +2.474e-01
+1.121e-01 - +1.979e-01
+8.408e-02 +1.484e-01
+5.606e-02 +9.898e-02
+2.804e-02 +4.951e-02
+1.956e-05 +5.075e-05 0N

(@) 4% 10% (b) E4E%N 20%

S, Mises S, Mises

(F4: 75%) (F49: 75%)
+1.066€+00 +1.679e+00
+9.771e-01 +1.539e+00
+8.883e-01 +1.399e+00
+7.995e-01 +1.260e+00
+7.106e-01 +1.120e+00
+6.218e-01 +9.797e-01
+5.330e-01 +8.397e-01
+4.442¢-01 +6.998e-01
+3.554e-01 +5.599¢-01
+2.665e-01 +4.199¢-01
+1.777e-01 +2.800e-01
+8.889¢-02 +1.401e-01
+6.9816-05 - +1.5260-04 <

(¢)

JE462% 4 30%

(d) E4a%N 40%

K 3-920°C. Ak Ly 0.1MPa Byl N #FN f170 A (Bfi: MPa)

S, Mises S, Mises

(F19: 75%) (*F#9: 75%)
+3.379e-01 +5.103e-01
+3.098e-01 +4.678e-01
+2.816e-01 +4.253e-01
+2.535e-01 +3.827e-01
+2.253e-01 +3.402e-01
+1.971e-01 +2.977e-01
+1.690e-01 +2.552e-01
+1.408e-01 +2.127e-01
+1.127e-01 - +1.701e-01
+8.450e-02 +1.276e-01
+5.634e-02 +8.509e-02
+2.818e-02 +4.257e-02
+1.739e-05 +4.419e-05 @

2 27 2 27
(a) JE4i%H 10% (b) %N 20%

S, Mises S, Mises

(F15: 75%) (F15: 75%)
+9.218e-01 +1.449e+00
+8.450e-01 +1.328e+00
+7.682e-01 +1.207e+00
+6.914e-01 +1.087e+00
+6.146e-01 +9.659e-01
+5.377e-01 +8.451e-01
+4.609e-01 +7.244e-01
+3.841e-01 +6.037e-01
+3.073e-01 +4.830e-01
+2.305e-01 +3.623e-01
+1.537e-01 +2.416e-01
+7.687e-02 +1.208e-01
+6.092e-05 +1.318e-04 *

(c)

JEA2H 30%
K 3-10 30°C. JHAKE SRS 0.1MPa B N E88 15045 (B f7: MPa)
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(d) E46% N 40%



[ N i e A0S

S, Mises S, Mises
(FH: 75%) (F19: 75%)
+3.386e-01 +4.905e-01
+3.104e-01 +4.496e-01
+2.821e-01 +4.087e-01
+2.539e-01 +3.679e-01
+2.257e-01 +3.270e-01
+1.975e-01 +2.861e-01
+1.693e-01 +2.453e-01
+1.411e-01 +2.044e-01
+1.129e-01 +%'§§;e'8i
+8.465e-02 +1.227e-
15.6446-02 +8.178e-02
+2.823e-02 +4.091e-02
+1.687e-05 +4.262e-05 -
(a) JEAEZRN 10% (b) 4N 20%
S, Mises S, Mises
(F19: 75%) (F19: 75%)
+8.871e-01 +1.393e+00
+8.132e-01 +1.277e+00
+7.393e-01 +1.161e+00
+6.654e-01 +1.045e+00
+5.914e-01 +9.290e-01
+5.175e-01 +8.129e-01
+4.436e-01 +6.968e-01
+3.697e-01 +5.807e-01
+2.957e-01 +4.646e-01
+2.218e-01 +3.485e-01
+%'§;3e'8% +2.323e-01
+7.398e- +1.162e-01
+5.868e-05 +1.268e-04 -
(o) JEARZH 30% (d) E45%N 40%

B 3-11 40°C. Widk B om A 0.1MPa B3 88 104 (BAA7: MPa)

S, Mises S, Mises
(F49: 75%) (T4 75%)
+3.382e-01 +4.707e-01
+3.100e-01 +4.314e-01
+2.818e-01 +3.922e-01
+2.5366-01 +3.530e-01
1183301 373001
+ . - . -
1691601 +2.353e-01
+1.409e-01 +1.961e-01
o - Ha
156370-00 +7.848e-02
+2.820e-02 +3.926€-02
+1.638e-05 +4.110e-05 S
(a) FE4E%N 10% (b) JE4iFE Ty 20%
S, Mises S, Mises
(F19: 75%) (»‘r'tsgs;fgewo
T8 et +1.228e+00
+7.818e-01 1.228e+00
+7.107e-01 +1.117e+00
HEE e 18935001
800001 +7.818e-01
+a972e01 +6.701e-01
g +5.585e-01
+3.534e-01 +2.468¢-01
+2.843e-01 +3.351e-01
+2.133e-01 +2.235e-01
ey g
. = + > -
+5.641e-05 N L)
(¢) JEAiFEN 30% (d) JEHiZH 40%

P 3-12 50°C. AR GRA 0.1MPa B YR J3 434 CBfz: MPa)
B g DR IAREE Y 056, FRRRITMHAEE Y 038 o & 3-14 451
TANERR A R A 22T B3 1A B, BeRE RN, AHEINRAE T, R 4a 23000 ) % 3
PR P )P 2 TR RSB, DAL B S5 R AT DARIAE, 4 ZBloR, 85 i -
FR L DR, H BT PR ~F- 22 TR B B R e, 3 TR ) 1 ~F 22 D) bk ) o (LR
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TR R 2 A S

AN P EI TR o S N 1787 b NP N Y PR LA A E PR THES E Sy R b
SEMRRARRE, DRIIRLEETH iy Ji vih 5 e R i s 7728 /0N, el 1259 ) B 7R Wl T~ 22

[AIREREAZ /N
2.4 — T T T T T T T

—20°C. 10% =-+----* 40°C. 10%

20°C~ 20% =-------- 40°C. 20%

—20°C. 30% -+-----* 40°C. 30%

—20°C. 40% =--+----- 40°C. 40%

—30°C. 10% =—-—-50°C. 10%

—30°C. 20% =-=-50°C. 20%

—30°C. 30% =—--—-50°C. 30%

—30°C. 40% —-—-50°C. 40%

1 2 3 4 5
B 58 5 (mm)
K 3-13 ANRJRLE B F 46 26T (1) B i s it RN 42 ik 5% J5 % L

0.5 —
- —=—20°G
" —e—30°C
—a— 40°C

—v—50°C

\,

T T T T T T T

SERSE]FE Cmm)
o o o
S [o%) ~
1 T 1 T 1
o »
////

/)

0.0 1 1 1 1 1 1
0 10 20 30 40 50

E4E (%)
K 3-14 AEREE K R 465 T 12 (8] R

e -
Er e

(a) ¥i#: 500rpm (b) #3#: 1000rpm (¢) #3f: 1500rpm

K 3-1520°C. 10%WJAE R4 0.1mm 2 MR Z . 0.1MPa A4 R 55 i i T 585 A
B 3-15 o THiE LA F (BRESIREE N 20 °C, MWW B8 %N 10%,
B S5 ARRZEN 0.1mm, #EERAKE RN 0.1MPa) A [F]# X B ) 25
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TR R 2 A S

ot [ 58 PR R I 53 3 A S 0, 383 PUABERT R, Rl e vy, T B A i
SR AR KRR, 100 B i v e T e T s 104 i o B 8] 2 A (R A 3 70 2 7 B g
Kl 3-16 fEon T i i d e 9 1000rpm, B FILE R4 Z A 20%, M5
B IR A7AE 0.3mm 42 [A IR %, LA B IR 58 0y 0.1MPa I, AN [FJTRE N %
a1t [ 58 A 18090t i 56 73 A1 o 38508 LU AT A I ok BB 5 K s 5 i i P58 1 vt T 9 /)
X PR X s V) B PAY PR3 M P 58 2 i R ARABL, PR IR T i, ST A
(RS e 3728 /0, 38 A SRR T2 (R B AL w] 1, P A8 Te] B K, 5 P AR
JZ, ARSI A RON AR 5T, Pl LA AR I T s A 0N o i HLIEE R R, R
TR . 5 1) e KA e/ ML 2280, U0 B vl A R ) B N ik B2 204

i
ne
0
307
2
@S
Zpd
S‘;m
ol
ol
o

R R o

(a) FASWSE: 20°C (b) R EE: 30°C (¢) FaZSIRE: 40°C
K] 3-16 1000rpm+ 20%4J46 E4E %, 0.3mm 2[R 2. 0.1MPa JAA % 58 i i I & 58 50 A1
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