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Research and quantitative analysis of the radial force
impacted by trapped-oil pressure in external gear pumps

SUN Fuchun', LI Yulong®* , Zhong Fei'
(1. College of Industrial Engineering, Chengdu University, Chengdu 610106, China;
2. School of Mechanical and Electrical Engineering, Sugian College, Sugian 223800, China)

Abstract To overcome the limitations of current static calculation method of radial force without trapped-oil pressure in
gear pumps, a new quantitative method for the influence of trapped-oil pressure on dynamic radial force was built. In a
trapped-oil cycle, the dynamic fluid pressure distribution of four pressure sections, suction oil, transition oil pressure,
discharge oil and trapped-oil pressure, on driven addendum circle were investigated. and the dynamic trapped-oil
radial force were then studied and verified indirectly. The results showed that. The first improvement rate of new
trapped-oil radial force to current radial force released differently by discharge oil, suction oil and transition oil was
9.9%, —10.2% and — 1.1% , respectively. Then the radial force could be improved under relief by discharge oil.
However, it was intensified under relief by suction oil and weakly impacted under relief by transition oil. Therefore, the
relief by discharge oil was highly recommended in practice; The second impact rate of new trapped-oil radial force to
current radial force released differently by discharge oil, suction oil and transition oil was 24.5% , 38.5% and 13.8% ,
respectively. The radial force was strongly impacted by trapped-oil pressure, so it was necessary to release trapped-
oil pressure by innovated relief groove, and the new quantitative method was recommended to radial force calculation;
The third effect of trapped-oil pressure on radial force was not only itself but also more other radial force relief

measures. The trapped-oil force was collectively determined by trapped-oil pressure and its action area, so the
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extreme position of trapped-oil pressure, radial force and trapped-oil force was not completely consistent. In

conclusion, the calculation results of the new quantitative method provided an accurate external load for full fluid

lubrication design of bearings and other

Keywords gear pumps; trapped-oil pressure; radial force; liquid force; meshing force
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1. Starting edge of trapped-oil area; 2. Termination edge of trapped-oil area; 3. Addendum

circle of driven gear.
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o1and oy are the two circle centers of driving gear and driven gear; p;and p,are suction oil

pressure and discharge oil pressure, MPa, similarly hereinafter in Fig. 2; p;and p, are the two

trapped-oil pressures differently closed to driving gear and driven gear, MPa, similarly hereinafter

in Fig. 3; 7 and n’ are the two contact points; i and o are the two intersection points of driven

addendum circle and suction cavity profile and discharge cavity profile; 7y, is base circle radius, mm;

¢ is any position angle of driven addendum circle, rad, similarly hereinafter in Fig. 2; = and y are

the two fixed axis from the driven center; s is corresponding curvature radius of driving profile in

contact point, mm, similarly hereinafter in Fig. 3 and Fig. 4.
B1 MshBRETERELHNE— =SS (a)fnHEimXiE g AE(b)

Fig. 1 A position on driven addendum circle (a) and enlarged figure of trapped-oil area (b)
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px and p are trapped-oil pressure, distribution pressure on
driven addendum circle; gp/, 50”, gpk, and gokv are the angles between
center line differently and 702 » 00; and trapped-oil edge 1, trapped-oil
edge 2 in Fig. 1(a).
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Fig. 2 Fluid pressure distribution lines on driven

addendum circle with or without trapped-oil pressure
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s1~s7 are the seven special ordinal positions in a
oil trapping process; Similarly hereinafter in Fig. 4.
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Fig.3 Two fitting polynomial curves of trapped-oil
pressures differently closed to driving gear

and driven gear in a trapped-oil process
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Table 1 Maximum, minimum, mean, improvement percent., and extreme volatility percent of

radial force differently released by discharge oil, suction oil and transition oil

) RARME/N wR/AME/N  HI{E/N MR/ % R/ %
Radial force Maximum Minimum Improvement percent Volatility percent
F,., 851.8 644.8 9.9 24.5
F.., 1239.0 883. 6 1016.9 —10.2 38.5
F.; 1 180.0 1031.6 1 088.9 —1.1 13.8
F.’ 843. 4 843. 4 — —
F..' 922.8 922.8 — —
F..’ 1076.9 1076.9 1076.9 — —

i Fen s Fron Frg Ml Fen ' Frp ' Fr 50 S HEFR WP 5 98 360 28 A RT3 22 1) oFg R0 E R b 2 1 7 5 PR 4 T

Note:F,.1+Frs:F.3 and F..,'.F., . F.3' are three dynamic trapped-oil radial forces and three static current radial

forces differently released by discharge oil, suction oil, transition oil . The same as in Fig. 4.
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suction oil and transition oil in a trapped-oil process
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