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Context: Improving the efficiency of helicopter gearboxes

In the general context of the reduction of energy consumption, gearbox efficiency has become a major issue in aeronautic applications. The power losses in
gear units can be divided into two parts: i) the load-dependent power losses and ii) the load independent (or no-load) power losses. As far as splash
lubricated gears are concerned, churning losses are an important part of no-load losses and an accurate evaluation of this dissipation source is required.
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Experimental data

Churning test rig at LabECAM

Losses are measured with a
torque meter (accuracy of 0.1%
F.S);

Oil temperature is regulated;

Housing dimensions :
400x275x85 mm

Measurements* show the same evolution with speed whatever the - None of the literature models
bevel wheel dimensions, its immersion depth or oil type. 50.4 & /-/' [1,2,3,4] predict this evolution
There is a uncommon behavior of the drag torque: the torque increases '« 22 N of torque with speed.
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New no-load losses model for splash lubricated spiral-bevel gears

At higher rotational speeds windage effects become not negligible and tend to displace the free surface

of the oil bath resulting in a decrease of gear immersion depth.

This decrease of oil immersion can be characterized by a Froude number:
wR,
Fr* =

Joh

where w is the rotational speed, R, the external radius of the gear, g the gravity acceleration and h the G
oil immersion depth. The same evolution of torque with Fr* is reproduced with spiral-bevel gears of

several size, with different oils and at different immersions.
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From this data a simple model of gear local immersion depth in the oil sump can be established 0.0 ' '

and therefore be used for the|estimation of the torque:
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