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Note: 0; and o0, indicate two center points of driving gear and driven gear; n indicates meshing point; & indicates backlash point; p; indicates inlet pressure, Pa; p,
indicates outlet pressure, Pa; V| and V; indicate the two different trapped-oil volumes on o, side and o, side, mm?> ; p1 and p; indicate trapped-oil pressure of V; and V5, Pa;
sindicates the location variables defined as the curvature radius of meshing point of driving gear, mm; s, indicates the location of V; just formed, mm; s, indicates the
location of ¥, just disappeared, mm; s, indicates the location of 7} with minimum volume, mm; s, indicates the location of V> just formed, mm; s, indicates the location
of V; just disappeared, mm; syindicates the location of V', with minimum volume, mm; similarly hereinafter.
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Fig.1 Trapped oil circulation and trapped oil process
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Note: Qu and Oy, indicate shear flow and differential pressure flow through
backlash gap, mm®s™; ¢, indicates backlash for connection of two trapped-oil
volumes, mm; Dp;, Dp, and Dp indicate trapped-oil pressure rate of change over
time, Pa's'; DV, and DV,, DV indicate trapped-oil volume rate of change over
time, Pa‘s ‘1; similarly here in after.
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Fig.2 Gap calculation of backlash for connection
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a. Test results (5,=6.4 mm)

b. JE
b. Backlash for connection
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c. Backlash for relief

e Apg WA, Pa; Apo NEIGHFAIEZE, Pas poma N pa FIEKAE, Pa; By RoREIFAEE T O&HIBEE, b 3mSR, FIE.
Note: Apgindicates permissible differential pressure used for connection of two trapped-oil volumes, Pa; Ap,, indicates permissible differential pressure for trapped-oil
relief, Pa; pomax indicates the maximum peak value of p», Pa; B, indicates distance of relief groove edge from center line; /4 indicates the used backlash value for test, the

similarly hereinafter.
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Fig.3 Test results and corresponding theoretical backlash values
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Table 1 Calculation results of six backlash values
hlum  cgaum  cqpdum caplum - cogpum  cgpdum  copdpm /%
30 59 61.6 62 47 84 933
50 74 75.6 76 79 142 158
200 106 106 107 119 215 239 7.5

e caan conBREBMRHIBHEABRIEE: coun con R BT MBI
TEANERIEAE ¢y pg TR EATAEIR A s B IR BRAR s o TN ENATHE
SR P BRI B A (U BGAEL s O S R BN BE AR B 5 IR AR IR ZE s %
Note: ¢4 and cqy indicate the mean value and the maximum peak value of
backlash gap used for the connection of two trapped-oil volumes; ¢, 4 and ¢
indicate the mean value and the maximum peak value of backlash gap used for
trapped-oil relief; ¢, 54 indicates the backlash gap used for the connection of two
trapped-oil volumes when the trapped-oil relief was closed; ¢, s indicates the
backlash gap used for trapped-oil relief when the trapped-oil relief was closed;
indicates the relative error between theoretical value and experimental value
when large backlash,%.
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Demarcated standard and verification of backlash relief in
external gear pumps

Sun Fuchun, Li Yulong, Wen Changming, Zhong Fei
(School of Mechanical Engineering, Chengdu University, Chengdu 610106, China)

Abstract: The gear pumps are used for pumping the working fluid, and its key component is a pair of gear pairs. In the power
transmission, the backlash of the gear pair is used to form the lubricating oil film to avoid sticking due to the friction and heat
expansion of the gear teeth, but it also affects the stability of the oil film. The choice of backlash in the gear pump is also
limited. The backlash of the gear has an influence on the trapped oil performance and volumetric efficiency of the gear pump,
while the definition whether there is a backlash existed and the definition what is large backlash and what is small backlash is
vague. Based on the common requirements of different backlash values to transmission performance and trapped oil
performance, the special trapped-oil circulation and trapped-oil process were analyzed in this study, and the emphasis was on
the double teeth meshing range and the single tooth meshing range. From the connection aspect of two different trapped-oil
volumes in double teeth meshed range and the improvement aspect of trapped oil performance in single tooth meshed range,
we used to separately calculate dynamic trapped-oil flow rate and its maximum value under the two different ranges of double
teeth meshing and single tooth meshing, as well as the different formulas to separately calculate dynamic backlash values, its
mean value, its lower limiting value used for the connection in double teeth meshed range, and the relief in single tooth meshed
range. From such exercises, we derived the definition what was large backlash and what was small backlash. The backlash
therefore was defined as, a small backlash was when the backlash value was less than the maximum peak of the backlash for
connection, and when the backlash value was greater than the maximum peak of the backlash for connection and less than the
maximum peak of the backlash for trapped oil relief, it was a large backlash, and when the backlash value was greater than the
maximum peak of the backlash for trapped oil relief, it belonged to the large backlash. An instance of an external gear pump
which backlash was 30, 50, 200 um, was operated and its operation results were analyzed by the theory we developed. The
results showed that when the trapped oil flow peak ratio of the unloading area and the connected area was 3, the unloading
burden of the former was large. In fact, the really communicating to the communication area required up 2.41 mm backlash,
which did not actually exist. So the gear pairs used in gear pumps was the gear pairs with backlash forever. The absolute
connection of each other of two different trapped-oil volumes in double teeth meshed range and the absolute trapped-oil relief
in single tooth meshed range were nonexistent, but only relatively existed under a certain permission pressure difference. As
long as the trapped-oil relief requirement in single tooth meshed range was satisfied by an adopted backlash value, then the
connection of two different trapped-oil volumes each other would naturally be met by the adopted backlash value. Backlash for
trapped oil relief was larger than the backlash for connection, which can be used in definition what was large backlash and
what was small backlash, and the backlash for trapped oil relief can be used as the upper limit. The error in the calculation and
experiment was 7.5%, which was reasonable, and the upper limit of the safety margin was 20%, which was reliable. This
research provided a reference for distinguishing large backlash between small backlash by Pump backlash defining, and which
also provided a theoretical basis for the subsequent studies.

Keywords: pumps; vibrations; gear pumps; backlash for connection; backlash for relief; demarcated size; trapped-oil flow rate



