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Failure Mechanism Analysis and Validation of
Gear-Pump Floating End-Plate Face Seal

LIU Wei, WANG Anlin, SHAN Xvewen , ZHANG Xioolu
(School of Mechanical Engineering, Tongji University, Shanghai
201804, China)

Abstract: According to the study on the failure mechanism of
gear-pump face seal, the key factor of face seal failure is the
end plate’ s overturning moment induced by the asymmetric
pressure distribution in a master-slave gear cavity. For a type
of high pressure gear pump, the nonlinear differential
equation of gear-pump pressure transition zone was
established to analysis the internal flow field of the master-
slave gear cavity. Then the test system of gear-pump cavity
pressure was built to verify the failure mechanism of the
floating end plate of gear pump. Test data shows that the
error between experiment and theoretical value is less than
5.0% . The floating end plate’s overturning moment about %
axis is 56.51 N » m under rated conditions.
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Tab.1 Technical parameters of CBAK gear pump
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Fig.1 Structure of floating end plate
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Tab.2 Structure parameters of CBAk gear pump
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Fig.2 Overturning moment and wear
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Fig.3 Flow field of CBAk gear pump transition zone
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Tab.3 Material properties of CBAKk gear pump

key parts
KT Rl BE/ (kg m3) BMAHE/GPa WAL
Tk QT450-10 7.06X103 169 0. 257
iRl 20CrMnTi 7. 80X 103 207 0. 250
Mahs®s  20CrMnTi 7. 80X 103 207 0. 250
e HT300 7.30%X103 130 0. 250
URFBHT  QSnd-3 8. 80X 108 110 0. 330
MARAMET 45 54 7.80X103 209 0. 269
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Fig.4 Strain contours of driven gear shaft
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Fig.5 Strain contours of floating end plate
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Fig.6 Transition zone pressure of master-slave gear
at different ratation speeds
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Fig.7 Theoretical overturning moment of end plate

under different conditions
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Fig.8 Hydraulic principle of gear pump pressure

test system
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Fig.9 Gear-pump test points
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Fig.10 Transition zone pressure curve of gear cavity
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Fig.11 Groove end pressure curve of gear cavity
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Tab.4 Gear-pump test data for pressure

n/ Pout/ 1/ b5/ Apasy/ pe/ Des/ Apgsy/
(r *min~1) MPa MPa MPa MPa MPa MPa MPa
1 000 25 8.72 13. 97 5.25 22. 34 24,07 1.73
1 500 25 7.08 11.79 4.71 22.10 23.68 1.58
2 000 25 4. 97 9.39 4,42 21.43 22. 89 1.46
2 400 25 3.92 8.11 4,19 20.21 21. 64 1.43
1 000 20 5.74 10. 69 4. 95 16.63 18.51 1.88
1 500 20 5.35 9.59 4,24 15.78 17.52 1.74
2 000 20 4. 86 9.03 4,17 15.73 17. 28 1.55
2 400 20 2. 13 5.62 3.49 15.17 16. 49 1.32
1 000 15 3.78 6. 80 3.02 11.68 13.09 1.41
1 500 15 3. 47 5.98 2.51 11.16 12.43 1.27
2 000 15 2.72 4. 89 2.17 11.22 12. 25 1.03
2 400 15 0. 64 2.63 1.99 11.08 12.19 1.11
1 000 10 2. 51 4.20 1. 69 7.67 8. 65 0.98
1 500 10 2.34 3.82 1.48 7.40 8.21 0. 81
2 000 10 1.94 3.22 1.28 7.35 8.02 0. 67
2 400 10 0.95 1. 69 0.74 7.13 7.60 0.47

o AR LES, ps HWR 5 I, Apas APR 11 5 EHZ, pe VR 2 JEST, pes FIUR 6 BT, Apges F 2 F1 6 S22,

MPa,n=2 400 r « min ‘B, FN G TIER S E
KESHE Apasy =3. 49 MPa, 5 Fe A A o K 1 2
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Tab.5 Experimental and theoretical calculation values of transition zone pressure
n/ Do/ p1/MPa p5/MPa Apas) /MPa

(r + min™1) MPa ity R BE/% mip R B/ mp R R/ %
1 000 25 8.53 8.72 2.18 13.55 13.97 3.01 5.02 5.25 4, 38
1500 25 7.19 7.08 1.55 12.04 11.79 2.12 4. 85 4.71 2.97
2 000 25 4. 89 4. 97 1.61 9.51 9. 39 1.28 4.62 4.42 4,52
2 400 25 3.81 3.92 2. 81 7.83 8.11 3.45 4,02 4.19 4,06
1 000 20 5.59 5.74 2. 61 10.73 10. 69 0.37 5.14 4,95 3.84
1500 20 5.57 5. 35 4.11 9.92 9.59 3.44 4,35 4.24 2.59
2 000 20 4. 69 4. 86 3.50 8.74 9.03 3.21 4,05 4,17 2. 88
2 400 20 2. 06 2.13 3.29 5.71 5.62 1. 60 3.65 3.49 4,58
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Fig.12 End plate overturning moment( p,,; =20 MPa,
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