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A B S T R A C T

The bleed rate of a grease may change over time due to degradation of the thickener microstructure and a
decrease in oil content, as oil is released from the grease. In this work, the bleed properties—quantified by
the permeability—of five types of lubricating greases are studied. Controlled shear ageing is performed using
a grease worker. It is shown that the bleed rate does not change significantly in a grease worker at room
temperature, as opposed to changes in rheology and microstructure. This is explained using a permeability
model. It is shown, via a comparison with rolling bearings results, that ageing grease in a grease worker is
too mild to yield significant changes in the permeability of lubricating greases.
1. Introduction

In bearings, lubrication is essential to ensure optimal service life [1].
Most bearings are grease lubricated. Lubricating grease consists of two
main components: a base oil which provides the lubricious properties,
and a thickener which forms a network that retains the base oil and can
release it on demand. Additionally, the grease may contain additives to
tailor its properties towards a certain application.

In the first stage of bearing operation, the churning phase, the
grease is mostly pushed out of the raceways into the other parts of the
bearing [2–4]. So-called grease reservoirs are formed from where the
grease will slowly release its base oil onto the raceway of the bearing,
where it will form a lubricious layer between the contacts. This process
of releasing the base oil is called ‘bleeding’ [5]. If the bleeding of oil
from the grease occurs at a high rate, the grease oil content will deplete
quickly, reducing the lifetime of the grease. On the other hand, if the oil
bleed is very slow, the amount of oil in the raceway may be insufficient
to form a lubricious layer [6]. This will lead to increased friction and
heat development in the contacts, causing seizure and reducing the
service life. Therefore, the balance between the supply and loss of oil
to and from the raceway is extremely important to optimise the service
life of a bearing [7].

Grease is a relatively thermo-mechanically stable system wherein an
external pressure is needed to drive the oil out from the grease [8]. For
grease located in the rotating parts of a bearing, this is generated by
centrifugal forces [9]. For stationary grease, this pressure is induced
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by the capillary pressure in the starved EHL (elasto-hydrodynamic
lubrication) contacts of the bearing while the oil is transported towards
the contact through deposited grease layers [10]. The ‘bleed properties’
may therefore also be called the ‘resistance to bleed properties’.

Grease bleed properties may change over time due to degradation
of the thickener microstructure and the decrease in oil content as oil
is released from the grease. The changes in thickener–oil interactions
determine the bleed rate, i.e., the amount of oil bleeding from the
thickener matrix per unit of time.

In this study we conceive the microstructure of the different greases
as a network of solid spherical particles, platelets or fibres. Chem-
ical properties like the interactions between base oil and thickener
molecules are taken into account in a rather simplistic way by con-
sidering the energy involved in the wetting of the network surface by
the base oil, while the chemical interactions within the thickener are
responsible for the elasticity of the network.

In this work, the bleed rates of five different greases are studied
as a function of shear ageing. Controlled shear ageing is performed
in a grease worker, instrumented with a load cell for monitoring the
imposed force, as originally designed by Rezasoltani and Khonsari [11].
The data obtained from the grease worker are used to calculate the
energy imposed on the grease [12]. Previous works showed that the
yield stress (13) and viscosity (12) of the grease change significantly
with the degree of shear ageing, using the same grease worker set-up.
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Nomenclature

𝛽 Model constant (−)
𝛥𝛾 Difference in interfacial tension along a dry

and an oil wetted fibre (J/m2)
𝛥𝑃 𝛥𝑝𝑝 − 𝛥𝑝𝑔 , (Pa)
𝛥𝑝𝑔 Affinity pressure in the grease (Pa)
𝛥𝑝𝑝 Affinity pressure in the paper (Pa)
𝛥𝑉𝑏𝑙𝑑 Bleed volume (m3)
𝜂 Dynamic oil viscosity (Pa s)
𝜙𝑓 Volume fraction of fibres in the grease (−)
𝜙𝑔 Porosity of the grease (−)
𝜙𝑝 Porosity of the blotting paper (−)
𝜏 𝑡∕𝑡𝑠, Dimensionless time (−)
𝜏0 Initial yield stress (Pa)
𝜏∞ Final yield stress at infinite energy supply

(Pa)
𝜏𝑦 Yield stress (Pa)
𝜃 Angle between orientation of a fibre and

flow direction (−)
∇⃗𝑝 Local pressure gradient (Pa/m)
𝑢 Local flow velocity (m/s)
𝜉 (𝑅∕𝑎)2, Dimensionless radius squared (−)
𝜉∞ Maximum value of 𝜉 (−)
𝑎 Base radius of the grease patch (mm)
𝑏 Thickness of the blotting paper (mm)
𝐶𝑇 The temperature correction coefficient for

the energy density, supplied to the grease
(−)

𝐶f rac The fraction of the total supplied energy
that is supplied to the grease itself (−)

𝑑𝑏 Average stain diameter (mm)
𝑑𝑚𝑎𝑥 Major diameter of the oil stain (mm)
𝑑𝑚𝑖𝑛 Minor diameter of the oil stain (mm)
𝐸 𝐶𝑇𝐸𝑔 , normalised supplied energy density

to the grease itself (J/mm3)
𝐸0 Characteristic normalised energy density

supply at the yield stress transition
(J/mm3)

𝐸𝑔 𝐶f rac𝐸tot , Supplied energy density to the
grease itself (J/mm3)

𝐸tot Total supplied energy to the device and
the grease divided by the grease volume
(J/mm3)

𝐹𝑔 Force required to move the grease plate
through the grease (N)

𝐹𝑓𝑟 Friction force due to the seal (N)
𝐹𝑙𝑐 Force measured by load cell (N)
ℎ0 Initial height of the grease patch (mm)
𝑘 Permeability (m2)
𝑘𝑔 Permeability of the grease (m2)
𝑘𝑝 Permeability of the blotting paper (m2)
𝑘∥ Permeability of a fibre suspension when all

fibres are oriented parallel to the flow (m2)
𝑘⟂ Permeability of a fibre suspension when

all fibres are oriented perpendicular to the
flow (m2)

This article will show that the bleed rate does not change significantly
when a grease is aged in a grease worker, and that other ageing
methods are required to impact the bleed rate of a grease.
2

𝐿 Fibre length (m)
𝑛 Number density of fibres in the grease

(1/m3)
𝑃𝑔 Instantaneous power density (W/mm3)
𝑅 Radius of the oil stain (mm)
𝑟𝑓 Fibre radius (m)
𝑇 Temperature (◦C)
𝑡 Time (s)
𝑇0 Reference temperature (◦C)
𝑇𝐴 Arrhenius temperature (◦C)
𝑡𝑠 Characteristic bleeding/spreading time (s)
𝑉 Volume (mm3)
𝑣 Velocity (m/s)
𝑉𝑔𝑤 Volume of the grease worker (mm3)
 Affinity (J/m3)

2. Materials & methods

In this section, we describe the method used to age the grease, and
to determine the permeability of aged greases by measuring the bleed
rate from the grease onto blotting paper. First, we discuss the properties
of the grease samples that were used in this work.

2.1. Grease samples

Five chemically different greases were selected for this study: two
lithium greases with (semi-synthetic) mineral oil; two polyurea greases,
one with ester oil and one with a mixture of ester and ether oil; and a
calcium sulphonate complex grease with mineral oil. These greases con-
tain different types of thickener microstructures. For lithium greases,
the thickener microstructure consists of fibres, entangled to form a
network structure [14]. Polyurea greases contain thickener in the form
of platelets which can cluster together to form a larger structure. The
calcium sulphonate complex grease contains platelets similar to the
polyurea greases but with a slightly larger average particle size [15].
The relevant properties of these greases are given in Table 1. The
porosity values in the table were obtained from the volume fractions
of thickeners, as given in the manufacturer specifications.

2.2. Grease worker

A grease worker was used to age the grease samples in a controlled
manner. The grease worker used in this study, shown in Fig. 1, was
described by Meijer and Lugt [12]. Its dimensions are given in Table 2.

The grease worker consists of a motor, connected to an excenter
and a rod, see Fig. 1. A perforated grease plate is attached to the lower
end of the rod. The motor drives the vertical motion of the rod and
grease plate. This squeezes the grease inside the cup through the holes
in the plate, thereby applying a large shear strain to the grease sample.
A load cell, which measures the force acting on the grease, is placed
beneath the grease cup. Additionally, the grease worker is equipped
with a thermocouple to monitor the temperature of the grease cup, and
a fan to provide cooling and keep the setup near room temperature. Due
to the volume of the driving rod, the volume of the grease cup varies
by 4% during a single cycle. Therefore, it is likely that after ageing the
air content of the sample is about 4%. Data from the thermocouple and
load cell are stored on a PC for subsequent analysis.

Using the load cell data from the grease worker, the energy in-
put, i.e., the total mechanical work to which the grease sample was
subjected, can be calculated. According to Meijer and Lugt [12], the in-

stantaneous power density to move the perforated grease plate through
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Fig. 1. The grease worker used to age the grease samples.
Source: Image reproduced from Meijer and Lugt [12].
Table 1
The relevant properties of the greases used in this work, based on manufacturer specifications.

Grease Li/M Li/SS PU/E PU/EE CaS/M

Thickener Lithium Lithium Polyurea Polyurea Calcium sulfonate complex
Base Oil Mineral Mineral (semi-synthetic) Synthetic ester Synthetic ester/ether Mineral
NLGI grade 3 2–3 2–3 2 2
Density (kg∕m3) 900 910 910 960 900
Viscosity (𝑐𝑆𝑡, 40 ◦C) 99.9 41.9 70 81.6 420
Viscosity (𝑐𝑆𝑡, 100 ◦C) 10 7.5 9.4 10.8 26.5
Porosity 0.86 0.84 0.76 0.85 0.73
Oil separation (%, DIN 51817, 7d, 40 ◦C) 2.1 4.9 0.5 0.9 1.0
𝑢

Table 2
The dimensions (in mm) of the grease worker used in this work [12].
Cup Inner diameter 24

Inner height 32.9
Excenter Amplitude 13.8
Rod Diameter 5.0
Grease plate Thickness 2.9

Diameter 23.7
Hole diameter (small) 1.85
Number of holes 8

the grease is given by Eq. (1) and the supplied energy density 𝐸𝑔 is
given by Eq. (2).

𝑃𝑔(𝑡) =
𝐹𝑔(𝑡) 𝑣(𝑡)

𝑉𝑔𝑤
(1)

𝐸𝑔(𝑡) = ∫

𝑡

0
𝑃𝑔(𝑡′)𝑑𝑡′ (2)

Here, 𝐹𝑔 = 𝐹𝑙𝑐 − 𝐹𝑓𝑟 is the force required to move the grease plate
through the grease after correcting for seal friction, 𝐹𝑙𝑐 is the force
measured by the load cell, 𝐹𝑓𝑟 the friction force due to the seal, 𝑣 the
piston velocity and 𝑉𝑔𝑤 the internal volume of the grease cup.

2.3. ‘SKF Grease Test Kit’ test

The change in bleed for the samples of different ages was deter-
mined using the ‘SKF Grease Test Kit’ method [16] (skf tkgt 1, a
product of SKF). In this test, a grease patch 10 mm in diameter and
1.1 mm in height is placed at the centre of a piece of blotting paper.
Subsequently, the paper is placed on a heating plate (see Fig. 2), set
to a temperature of 55 ◦C. The pressure required to drive/pull the
oil out from the grease is provided by the capillary pressure in the
paper. The base oil of the grease is slowly absorbed into the paper,
3

forming an elliptical stain (the stain is not a perfect circle due to a non-
homogeneous orientation distribution of the paper fibres). After 2 h,
the major and minor diameters of the stain are measured and combined
into a geometric mean diameter 𝑑𝑏 = (𝑑min𝑑max)1∕2, so the bleed volume
after 2 h can be calculated:

𝛥𝑉𝑏𝑙𝑑 = 1
4
𝜋𝑑𝑚𝑖𝑛𝑑𝑚𝑎𝑥𝑏𝜙𝑝 (3)

where 𝑏 is the thickness of the paper and 𝜙𝑝 its porosity as obtained
from Mercury Porosimetry [8].

The Grease Test Kit results can be further extended by applying a
bleed model as done by Zhang et al. [8]. In this model, the grease and
the blotting paper are considered porous media. A pressure difference
is required to initiate and maintain a flow of oil from the thickener
structure of the grease into the paper. This pressure drop results from
the difference between the oil affinities of the thickener and paper. The
oil flow in both the grease and the blotting paper is governed by Darcy’s
law Eq. (4), which relates flow rate to pressure gradient.

⃗ = −𝑘
𝜂
∇⃗𝑝 (4)

Here, 𝑢 is the local flow velocity, 𝑘 is the permeability of the medium
(paper or grease), 𝜂 the dynamic viscosity of the oil and ∇⃗𝑝 the local
pressure gradient. According to Darcy’s law, a change in bleed due
to mechanical ageing of the grease should be related to a change in
grease permeability, as the viscosity of the base oil will not change
under mechanical ageing. Extending the model of Zhang et al. [8],
as done by Akchurin et al. [17], the permeability of an aged sample
can be calculated from the ‘SKF Grease Test Kit’ results, assuming that
the affinity between the base oil and thickener does not change under
mechanical ageing.

Following Akchurin et al. [17], the time 𝑡 it takes to reach a stain
radius 𝑅 is obtained from

𝜏 = 1 − 𝜉 + 2𝜉 ln 𝜉 + 𝛽[𝜉 − 1 (𝜉 + 1)][𝜉 − 1] (5)
∞ 2
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Fig. 2. ‘SKF Grease Test Kit’ set-up for measuring grease bleed.
Table 3
The values obtained from fitting Eq. (5) to the ‘SKF Grease Test Kit’ data.
Grease 𝑡𝑠(𝑠) 𝛽

Li/M 256 0.050
Li/SS 199 0.000
PU/E 260 0.106
PU/EE 240 0.500

where dimensionless time 𝜏 = 𝑡∕𝑡𝑠, 𝜉 = (𝑅∕𝑎)2 and

𝛽 = 8𝑏2

𝑎2
𝜙𝑝𝑘𝑝
𝜙𝑔𝑘𝑔

(6)

Here, 𝑎 = 5 mm is the radius of the grease patch and 𝜉∞ = 𝜙𝑔ℎ0∕(𝜙𝑝𝑏) is
the maximum value of 𝜉, i.e., when all oil is absorbed by the paper. ℎ0 =
1.1 mm represents the initial height of the grease patch, 𝑏 = 0.182 mm
the thickness of the paper, 𝜙𝑝 = 0.345 the porosity of the paper,
𝑘𝑝 = 0.81 μm2 the permeability of the paper and 𝜙𝑔 is the porosity
of the grease (which does not change during ageing), see Table 1. 𝑡𝑠 is
characteristic time:

𝑡𝑠 =
𝜂𝜙𝑝𝑎2

8𝑘𝑝𝛥𝑃
(7)

where 𝜂 is the dynamic viscosity of the base oil at 55 ◦C (calculated
using Walther’s equation [18]). 𝛥𝑃 = 𝛥𝑝𝑝 − 𝛥𝑝𝑔 is the difference in the
affinity pressures in the paper 𝛥𝑝𝑝 and in the grease 𝛥𝑝𝑔 .

Eq. (5)—for estimating 𝛽, and therefore 𝑘𝑔 , from the measured
data—requires knowledge of 𝑡𝑠; given the assumption that 𝛥𝑃 does not
depend on ageing, 𝑡𝑠 will not change. The permeability 𝑘𝑔 of a fresh
grease can be measured using the DIN 51817 test [19] and used to
calculate 𝛽. Then, 𝑡𝑠 is determined for all five greases using Eq. (5)
with the 𝛽 values obtained from the ‘SKF Grease Test Kit’ results of
fresh grease samples. When 𝑡𝑠 is known for each grease type, one can
use Eq. (5) to determine 𝛽, and Eq. (6) to calculate 𝑘𝑔 for the aged
greases.

When the growth of the oil stain is monitored over time, Eq. (5) can
immediately be fitted to the 𝜉 vs. 𝑡 data to obtain values of 𝑡𝑠 and 𝛽. In
this work, this was done for fresh samples of the Li/M, Li/SS, PU/E and
PU/EE greases. The experiment was performed using the ‘SKF Grease
Test Kit’ method, measuring the stain diameter in intervals of 30 min.
The resulting fit is shown in Fig. 3, and the obtained fit values are given
in Table 3.
4

Fig. 3. Fit of ‘SKF Grease Test Kit’ results of four types of grease using the model
described by Akchurin et al. [17] with, from top to bottom, Li/SS shown in green,
Li/M in black, PU/E in red and PU/EE in blue. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

3. Results & discussion

As described in previous sections, five different types of greases
were aged and subsequently subjected to the ‘SKF Grease Test Kit’ bleed
test. Fig. 4 presents the averages of three repeated measurements of
the stain diameters for each grease sample. As anticipated, differences
in the amount of bleed for the different types of greases are evident,
but the changes in bleed, for the same type of grease, as a function of
energy input are insignificant.

It is important to note that the ‘SKF Grease Test Kit’ method was
designed to monitor the condition of a grease. To determine bleed
properties like grease permeability, this method is insufficient because
the resulting stain diameter also depends on paper–oil interactions
which can be different depending on the type of base oil and paper.
Therefore, a comparison between various greases is only possible when
the influences of the oil–thickener interaction as well as the oil–paper
interaction are taken into account, as done using the model described
in the previous section. Comparing the results of a single type of grease
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Fig. 4. ’SKF Grease Test Kit’ test results for several greases. Average stain diameter
as a function of energy input. The height of the symbols indicates the standard error
based on three data points. From top to bottom: Li/SS (purple), Li/M (green), PU/E
(red), PU/EE (blue) and CaS/M (black symbols). (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

Table 4
The stain diameter, permeability and affinity pressure of the greases based on DIN
51817 data and ‘SKF Grease Test Kit’ tests on fresh grease. (The 𝛽 values used here
were obtained from a single stain diameter measurement at two hours, and agree only
qualitatively with the values shown in Table 3.)

Grease Stain diameter Permeability Affinity pressure
𝑑𝑏 (mm) 𝑘 (10−16 m2), 40 ◦C 𝛥P (kPa)

Li/M 31.6 16 1.7
Li/SS 35.1 16 1.0
PU/E 30.4 2.7 6.2
PU/EE 23.3 6.0 2.4
CaS/M 14.3 32 0.48

is more easily achieved since mechanical ageing only changes the thick-
ener microstructure of the grease, i.e. the configuration of the particle,
platelet or fibre network, and not its oil properties. Consequently, the
oil–paper interaction remains constant.

Generally, ageing grease is expected to change its permeability.
The affinity pressure, herein assumed constant, was measured on fresh
grease, after determining the permeability of fresh grease, using the
DIN 51817 method [17]. The resulting permeability and affinity pres-
sure values are given in Table 4.

The permeability values of the aged samples are plotted as a func-
tion of the input energies in Fig. 5, showing a clear difference in
permeability between the greases with different types of thickener.
However, the dependence on energy input is again insignificant, which,
at first sight, is surprising as significant softening of the grease was
observed after ageing within this range of energy input.

Before we can compare our work with that of Zhou et al. [13]
and Akchurin et al. [17] we have to normalise the supplied energy
density. That requires 2 correction factors, one for thermal ageing, 𝐶𝑇 ,
and one that corrects for the fraction of energy that is taken up by the
grease itself, 𝐶f rac. Therefore we define the normalised supplied energy
density as

𝐸 = 𝐶𝑇𝐸𝑔 = 𝐶𝑇 𝐶f rac𝐸tot (8)

where 𝐸tot is the total supplied energy to the device and the grease
divided by the grease volume, while (conform Eq. (2)) 𝐸𝑔 is the
energy supplied to the grease divided by the grease volume. For rolling
bearings, Zhou et al. [20] applied a correction factor of 𝐶f rac = 2×10−4

to match the bearing ageing results to that described by their shear
ageing Master curve (i.e., to translate the total supplied energy to the
5

equivalent energy supplied in the grease worker). For the grease worker
and the Couette ageing device of Zhou et al. [13] 𝐶f rac ≃ 1. The
correction factor for thermal ageing is given by

𝐶𝑇 = 2(𝑇−𝑇0)∕𝑇𝐴 (9)

where 𝑇 is the test temperature and 𝑇0 = 25 ◦C is a reference
temperature, while the Arrhenius temperature 𝑇𝐴 ≃ 10 ◦𝐶 depends
slightly on the type of grease. For our experiments both 𝐶𝑇 and 𝐶f rac
are close to one, so 𝐸 = 𝐸𝑔 ≃ 𝐸tot .

Zhou et al. [13] developed a Master curve for the evolution of
yield stress, measured at a temperature of 25 ◦C, as a function of the
normalised supplied energy density 𝐸, see Fig. 6. Their equation for the
same PU/E grease used in this study reads

𝜏𝑦 =
𝜏0 − 𝜏∞

1 + (𝐸∕𝐸0)0.34
+ 𝜏∞ (10)

with 𝜏0 = 100 Pa the initial, 𝜏∞ = 10 Pa the final yield stress
after long ageing, and 𝐸0 = 0.756 J/mm3 the energy density that is
characteristic for the yield stress transition. Their normalised supplied
energy density reached a value of 𝐸 = 30 J/mm3 for the grease worker
and 𝐸 = 104 J/mm3 for the Couette ageing device. In our experiments
a maximum supplied energy density of about 𝐸 = 100 J/mm3 was
reached. This corresponds to a significant yield stress reduction from
100 Pa to 24 Pa. It is therefore remarkable that the bleed properties
did not change despite this significant softening of the grease.

The above phenomenon can be explained by using the model de-
scribed by Baart et al. [9] and Gebart [21]. Here, the permeability of
a fibre network is given by Eq. (11), where 𝜃 is the angle between the
fibre axis and the flow direction, 𝑘⟂ (see Eq. (12)) the permeability
when all fibres are oriented perpendicular to flow and 𝑘∥ (see Eq. (13))
the permeability when all fibres are oriented parallel to the flow. The
⟨⋯⟩ brackets indicate averaging over the orientation distribution of the
fibres.

𝑘 =
𝑘⟂𝑘∥

⟨sin2 𝜃⟩𝑘∥ + ⟨cos2 𝜃⟩𝑘⟂
(11)

where

𝑘⟂ = 16

9𝜋
√

2

(

√

𝜋
4𝜙𝑓

− 1

)5∕2

𝑟2𝑓 (12)

𝑘∥ =
8
(

1 − 𝜙𝑓
)3

57𝜙2
𝑓

𝑟2𝑓 (13)

These equations indicate that the permeability of the thickener net-
work depends primarily on the fibre radius 𝑎 and volume fraction of
fibres 𝜙𝑓 . When the fibre length is reduced due to degradation of
the microstructure, this does not affect the permeability. Therefore, no
significant change in permeability is expected when the microstructure
degrades, justifying the earlier observations depicted in Figs. 4 and 5.

The same holds for the wetting energy density or affinity  between
the base oil and the thickener network, which is determined by the oil–
fibre interface, as shown in Eq. (14). Here 𝑛 is the number density of
fibres, 𝛥𝛾 is the difference in interfacial tension at the fibre–oil and the
fibre–air interfaces, 𝑟𝑓 is the fibre radius and 𝐿 is the fibre length [8].

 = 𝑛𝛥𝛾 2𝜋𝑟𝑓𝐿 (14)

With 𝜙𝑓 = 𝑛𝜋𝑟2𝑓𝐿, this results in Eq. (15), showing that affinity also
depends only on the fibre radius and volume fraction of fibres.

 =
2𝛥𝛾 𝜙𝑓

𝑟𝑓
(15)

On the other hand, Akchurin et al. [17] and Zhou et al. [22] found
significant reduction in grease permeability of samples taken from
bearings that had been running for various durations. Akchurin et al.
[17] used PU/EE grease, also used in this work, which is different from
the grease used in the work of Zhou et al. [13] (PU/E), but of a similar
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Fig. 5. Calculated permeabilities based on ’SKF Grease Test Kit’ test results and bleed
model [8] for several greases. From top to bottom: CaS/M (black), Li/SS (purple),
Li/M (green), PU/EE (blue) and PU/E (red). Note that the maximum values of energy
input were obtained after 1 million grease worker strokes. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

Fig. 6. Master curves (𝜏𝑦−𝜏∞)∕(𝜏𝑜−𝜏∞) vs log𝐸, in blue, and 𝑘∕𝑘0 vs log𝐸, in red. The
yield stress curve has been reproduced from Zhou et al. [20]. The blue squares represent
results for PU/E from the grease worker near room temperature and the blue crosses
represent results from the ’Couette ageing device’ at three different temperatures. The
permeability results from Akchurin et al. [17] (red crosses) for PU/EE, are corrected
for the right reference temperature (from 120 to 25 ◦ C) and for the fraction of work
done on the grease itself, using Eq. (8). The red symbols represent the results from
this work for PU/EE (red circles) and for PU/E (red squares). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

thickener type (Polyurea). The authors reported a strong decrease in
permeability with increasing supplied energy density at high supplied
energy densities up to a 5×105 J/mm3. However, they used a reference
temperature of 𝑇0 = 120 ◦C instead of 𝑇0 = 25 ◦C, implying a correction
factor ∼ 103, but did not apply the correction factor 𝐶f rac. Taking
these two correction factors into account, their reduction by a factor
of 10 in permeability is expected to happen in our grease worker at
an energy input of 105 J/mm3, as can be observed from Fig. 6. This
would require an unrealistic amount of strokes in the grease worker.
An alternative would be to age at higher temperatures (increasing the
Arrhenius factor, Eq. (9)).

4. Conclusion

In this work, the evolution of bleed properties under shear degrada-
tion was studied. Using a grease worker, several grease samples were
6

aged for varying durations (up to 1 million strokes), at room temper-
ature. Subsequently, the bleed rate was studied using the ‘SKF Grease
Test Kit’. Based on DIN 51817 data and a previously presented model
that describes the bleed process, the permeabilities of the samples
were determined. Both bleed and permeability did not show significant
changes when ageing the samples with a grease worker. However, the
grease samples soften under ageing. Apparently, softening of the grease
does not lead to a change in bleed properties. This can be explained
from the effect of ageing on the fibre structure. During ageing under
shear stresses, the fibres break up into shorter ones; this shortening
lowers the yield stress of the grease. However, the bleed rate depends
on the interplay between oil affinity and permeability of the thickener
matrix. These two properties are mainly determined by fibre diameter
and the volume fraction of fibres, which do not change significantly
under ageing due to shear. A slight decrease in the elasticity of the
thickener network during ageing may lead to a small compression of
the matrix during bleeding, reducing the permeability. However, this
second order effect is not expected to lead to significant changes in
bleed rate.

Although softening of the grease was visually observed during this
work, the temperature-corrected energy input into the grease in the
grease worker was much lower than what can be expected in rotating
bearings. This explains why the grease worker samples did not show
any reduction in permeability. The grease worker is the industry stan-
dard to measure the mechanical stability of lubricating greases and
indeed, the imposed energy does lead to reduction of consistency/yield
stress. However, it does not lead to a change in bleed properties, as
evidenced by our results. For bleed properties to evolve, the grease may
need to be subjected to more severe degradation, potentially via shear
degradation at elevated temperatures. While the increase in tempera-
ture reduces the magnitude of imposed mechanical energy, it increases
the amount of thermal degradation the grease undergoes. These cou-
pled degradation mechanisms (thermal and mechanical) might cause a
significant change in bleed; further research is required to verify this
hypothesis.
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