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Torque loss model for axially pre-loaded tandem rolling element bearings
Justino O Cruz 1), 2), Pedro M T Marques 2), Jorge H O Seabra 1)*, Jorge D Castro 3)

1)

DEMec, Faculdade de Engenharia, Universidade do Porto, Rua Dr. Roberto Frias s/n, 4200-465 Porto, Portugal.
2)
CETRIB, INEGI, Campus FEUP, Rua Dr. Roberto Frias nº400, 4200-465 Porto, Portugal.
3)
DEM, ISEP, Instituto Politécnico do Porto, António Bernardino de Almeida, nº431, 4249-015 Porto, Portugal
*Corresponding author: jseabra@fe.up.pt
A new torque loss model for tandem Tapered Roller Bearings (TRB) is derived from the loads and torques
applied to each rolling element, following the rolling element model proposed by Houpert [3]. The most
important novelty of this approach is to consider the static torque, used in the tandem assembly, as an input
parameter for the model, instead of the axial pre-load. The comparison of the predictions of the model with
experimental measurements in tandem rolling bearings, shows an excellent correlation, explained by the
accuracy of the static torque used to assemble the bearings and its relevance for the bearing operation.
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Developing all these torque components, the overall
torque applied to each tapered roller bearing becomes,

1. Introduction
Rolling element bearings (REBs) assembled in tandem,
either in “X“ and “O” arrangement, are a common design
solution for mechanical systems [1, 2], for instance in
automotive gear mechanical transmissions.
A common feature of this tandem design is that the
rolling element bearings are always assembled with a
significant axial pre-load, which assures the proper
operation of the system.
One of the consequences of the axial pre-load is that it
generates a static torque applied to the REB assembly. In
fact, the highest is the static torque the highest will be the
power loss generated by the tandem REBs. Figure 1.
shows the torque loss measured in a tandem assembly of
a pinion shaft, in the differential of a passenger car [1]. It
is clear that, whatever the operating speed, the tandem
torque loss increases when the static torque increases.
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From equation (3) it is possible to define the starting
torque, Mst , of the tandem TRBs, defined as
𝑀𝑠𝑡 = (𝐾1 ⋅ sin α1∗ ⋅ 𝑑𝑚1 + 𝐾2 ⋅ sin α∗2 ⋅ 𝑑𝑚2 ) ⋅ μ𝑏𝑙 ⋅ 𝐹𝑎
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𝑎𝑛𝑑 𝐾𝑖 = (𝐾𝑖′ + 𝐷), 𝑖 = 1,2

(4, 5)

Applying equation (3) it to the tandem TRBs and replacing
equations (4) and (5) in (3), the overall torque becomes,
𝑇𝑅𝐵
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where A and B are defined as,
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Figure 1: Torque loss in a tandem tapered roller bearing
assembly in the differential of a passenger car.

2. Torque loss models
The torque loss models are be derived from the model
proposed by Houpert [3] for the torque components
applied to each rolling element, that is the torques due to
the rolling friction force, dTFR, the friction between the
rolling element and the rib of the inner race, dTrib, and the
elastic rolling torque, dTMER, due to the hysteresis losses,
𝑑𝑇 = 𝑑𝑇𝐹𝑅 + 𝑑𝑇𝑟𝑖𝑏 + 𝑑𝑇𝑀𝐸𝑅

(1)

𝑀 = 𝑑𝑇 ⋅ 𝑍

(2)

𝐾1′ ⋅ sin α1∗ ⋅ 𝑑𝑚1 + 𝐾2′ ⋅ sin α∗2 ⋅ 𝑑𝑚2
𝐾1 ⋅ sin α1∗ ⋅ 𝑑𝑚1 + 𝐾2 ⋅ sin α∗2 ⋅ 𝑑𝑚2

(7,8)

γ1∗ ⋅ sin α1∗ ⋅ 𝑍10.44 ⋅ 𝑑𝑚11.63 ⋅ 𝑙10.63 + γ∗2 ⋅ sin α∗2 ⋅ 𝑍20.44 ⋅ 𝑑𝑚1.63
⋅ 𝑙20.63
2
∗
∗
0.37
(𝐾1 ⋅ sin α1 ⋅ 𝑑𝑚1 + 𝐾2 ⋅ sin α2 ⋅ 𝑑𝑚2 ) ⋅ μ𝑏𝑙

The correlation between the experimental measurements
and the predictions of equation (6) is excellent (see
Figure 1). Such excellent agreement relies on the fact that
the starting torque, Mst , as shows equation (5), includes
crucial information about the tandem TRB axial load,
geometry, contact angle and the rolling element / rib
coefficient of friction.A similar equation can developed
for tandem Angular Contact Ball Bearings.
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