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Description

Field of the Invention

[0001] The present invention relates to a test bench
for measuring forces and torques of rotatably mounted
bodies in charging devices.

Background of the Invention

[0002] Different frictional forces and thus frictional
losses occur in the bearings according to rotational speed
and axial load on the bearings with regard to rotatably
mounted bodies. At very high rotational speeds, in par-
ticular, which occur in charging devices, for example, in
turbochargers, such frictional losses are highly relevant.
However, in addition to the forces which arise in the re-
gion of viscous friction in the so-called Stribeck curves,
the losses, in particular, in the region of boundary friction
and mixed friction downstream of the Stribeck, are im-
portant. The quality of the mounting depends, among oth-
er things, on the behavior of the mounting in the mixed
friction region of the Stribeck curve. An exact measure-
ment of the forces arising in this region is therefore de-
sirable, as this would enable a better analysis and eval-
uation of the signs of wear of the bearing. For an analysis
of this type, it is necessary that spatial positions (orbital
path, axial movement of the rotating body) and also the
frictional torque or the frictional power may be exactly
measured or determined under actual conductions and
if possible without disturbance variables.
[0003] In the industry, diverse test benches are known
for measuring frictional power or friction torque (also
known as friction power test benches). With regard to
these known test benches, different approaches are fol-
lowed to determine the frictional power and thus the pow-
er loss in charging devices.
[0004] CN202133547U discloses a rolling bearing
measuring device having comprehensive properties and
a high precision. It comprises a granite pedestal, a servo
driving system, an air main shaft support system, a pre-
cise mandrel, a bearing to be measured, an axial air load-
ing module, a radial air loading module, rotation precision
measuring module, a vibration measuring module, a tem-
perature measuring module, a dynamic torque measur-
ing module, an air feed module, and a data acquisition
and processing module. The measuring device uses the
servo system to drive an air main shaft, ensuring the sys-
tem precision. The air loading device realizes the axial
and radial non-contact loading of the bearing to be meas-
ured, simulating the actual working condition. Multiple
sensors are used to separate a system error, improving
the measuring precision. In addition, the multiple bearing
performance parameters can be measured by the device.
The rolling bearing measuring device is comprehensive
in functions, and high in measuring precision. It realizes
the non-contact loading of an axial and radial load, real-
izes precise control, and precisely controls the rotating

speed of the bearing to be measured.
[0005] For example, there are test benches in which
the principle of direct frictional measurement is used. This
means that the power supplied by a drive is compared
with the power arriving at the test object. With regard to
known friction power test benches, the operation of the
shaft is carried out via a drive in the form of an electro-
motor, which is coupled to the shaft via coupling ele-
ments. Test benches of this type, however may generally
realize rotational speeds of only 80,000 rpm, in many
embodiments up to 125,000 rpm. This means that not all
actual conditions, e.g. of a turbocharger, may be
mapped, and the results must be extrapolated instead in
order to analyze the rotational speeds possible in actual
use of up to 300,000 rpm. In addition, in these test bench-
es, the deviation of the power adjusted at the drive is
compared with the power output at the measuring device,
and thus the power loss is determined purely mathemat-
ically. Consequently, there is no direct measurement of
the friction torque. The air friction generated and the mass
inertia of the turbocharger rotor should thereby be con-
sidered. In order to avoid distortions in the results, these
variables must be determined at the beginning of the test
and calculated along with it. A further disadvantage is
that only one specific, pre-selected axial load may be
used for the measurement. In addition, the coupling at
the electromotor influences the displacement path (orbit-
al path) of the shaft.
[0006] A known alternative for determining the friction-
al power includes test benches, on which the measure-
ment is carried out in the form of deceleration tests. An
axial and a radial force are thereby applied, e.g. using
nozzles. After the test object has been accelerated to a
specific speed via a drive charger, it is decoupled from
the same, and the deceleration test is subsequently ex-
ecuted. This is carried out, for example, using a torque
sensor on the test object. An extrapolation for higher
speeds is also necessary for measurements of this type.
In addition, the measurements are only possible with spe-
cifically modified core assemblies or with core assem-
blies which actually allow a modification. It is additionally
disadvantageous that the orbital path is distorted during
the acceleration due to the coupling. Similarly, the gen-
eration of radial forces using nozzles may not be directly
translated to actual operation.
[0007] The disadvantages of such known test bench-
es, which have negative influences on the measured re-
sults, are, in summary, in particular, the altered mass
inertia of the test object, e.g. due to necessary modifica-
tions; the rigid connection between drive and supercharg-
er; and the fact that the results for high rotational speeds
are not measured but may only be determined through
interpolation.
[0008] One goal of the present invention is conse-
quently the provision of a test bench which enables a
high resolution measurement of the forces occurring in
the bearing, in particular, in the region of the mixed friction
of the Stribeck curves, under the most actual and influ-
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ence-free conditions. Additional advantages of the inven-
tion will be described in the following.

Summary of the Invention

[0009] The present invention relates to a test bench
for measuring forces and torques of rotatably mounted
bodies in charging devices according to Claim 1.
[0010] The test bench according to the invention has
a rotatably mounted body of a charging device, a meas-
uring component, and a bearing device for mounting the
measuring component. The bearing device is configured
in such a way that the measuring component is friction-
lessly mounted in the bearing device. The measuring
component is a measuring shaft which moves friction-
lessly in the axial direction in the bearing device and ro-
tates around its longitudinal axis, in order to enable direct
measuring of a friction torque and also an axial force.
Due to the frictionless mounting, distorting influences on
the measured results are virtually eliminated. This leads
to extremely exact measurements of the frictional forces
and/or friction torques arising in the bearing(s) of the test
object, and consequently to the friction losses detected
with respect thereto. The forces and torques may thereby
be directly measured and do not have to be calculated.
The particular configuration of the test stand additionally
enables a description of the transient friction behavior of
the bearing in the test object in addition to the static be-
havior.
[0011] Frictionless mounting of the measuring compo-
nent means, in this context, that only a negligible and
very small air friction may arise. Thereby, a so-called
breakaway torque caused by friction does not arise. Fric-
tionless mounting of the measuring component in the
bearing device may mean in this context, that frictional
forces, which arise on the surface of the measuring com-
ponent, are less than 1.0 N, preferably less than 0.5 N,
most preferably less than 0.1 N, in particular, less than
0.01 N.
[0012] In the embodiments, the bearing device may
have an aerostatic air bearing. One advantage of this
embodiment is that the virtual frictionless air mounting of
the measuring component prevents the hysteresis and
friction errors which affect and distort the results. The
aerostatic air bearing may have at least three bearing
seats, in particular, the air bearing may have, for exam-
ple, seven bearing seats. These may, for example, be
thereby arranged in assemblies of three and four at two
axial positions around the measuring component. The
bearing seats may have bearing pads. The bearing pads
may thereby have porous surfaces. The porous surfaces
may contain carbon. For example, the porous surface
may have sintered graphite. With regard to the test
bench, a bearing gap of several micrometers may be
formed between the bearing device and the measuring
component during operation. For example the bearing
gap may be between 3 mm and 9 mm wide, in particular,
between 5 mm and 7 mm wide. The bearing device may

be driven using pressurized air. The pressures which are
applied at the bearing device may lie between 2 bar and
10 bar, preferably between 4 bar and 6 bar.
[0013] In embodiments, which are combinable with all
previously described embodiments, the test bench may
have a friction torque measuring device, which is coupled
to the measuring component in order to measure friction
torques. The friction torque measuring device may be
coupled to the measuring component in such a way that
a rotation of the measuring component around the lon-
gitudinal axis of the measuring component is limited. The
friction torque measuring device may have at least one
load cell. In particular, the friction torque measuring de-
vice may have two load cells, for example, arranged on
diametrically opposite sides of the measuring compo-
nent. This enables a precise calibration of the test bench
and a measurement of the friction torque in both direc-
tions. The load cell(s) may be arranged on one or more
torque supports.
[0014] In embodiments, which are combinable with all
previously described embodiments, the test bench may
have an axial force measuring device which is coupled
to the measuring component in order to measure axial
forces which arise at the measuring component. The ax-
ial force measuring device may be coupled to the meas-
uring component in such a way that an axial displacement
of the measuring component along longitudinal axis of
the measuring component is limited. Such an arrange-
ment allows a direction measurement of the axial forces
affecting the measuring component, for example, trans-
mitted by a turbocharger core assembly. The axial force
measuring device may have a strain gauge, by means
of which the axial forces are measured. Furthermore, the
axial force measuring device may have a bending beam
on which the strain gauge is applied. The axial force
measuring device may be configured so that it may be
adjusted to the expected measuring forces. This may by
implemented, for example, in that the bending beam may
be adjusted or exchanged. The coupling between the
measuring component and the axial force measuring de-
vice may be configured via a single contact point, which
lies on the longitudinal axis of the measuring component.
The measuring component may have a hardened surface
in the region of the single contact point. Due to the contact
at a single point and the hardened surface, an influence
on the measurement, for example, due to arising friction,
is largely prevented. The test bench may have an axial
force control device, wherein measured values from the
axial force measuring device function as a control pa-
rameter for the axial force control device. The axial force
control device may be configured in such a way that a
zero control of the axial forces is enabled. The friction
torque measuring device and the axial force measuring
device enable an independent measurement of the axial
and radial forces and friction torques arising axially and
radially in the bearing(s) of the test object and/or caused
in the test object by the bearing(s).
[0015] In embodiments, which are combinable with all
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previously described embodiments, the test bench may
have a turbocharger core assembly, which has the rotat-
ably mounted body, wherein the turbocharger core as-
sembly has a turbine wheel, a shaft, and a bearing unit
comprising a bearing housing, wherein the bearing hous-
ing is connected to the measuring component. The ro-
tatably mounted body may thereby comprise the shaft or
the shaft together with the turbine wheel. During opera-
tion, the test object, that is, the core assembly, is driven
via the turbine wheel as in actual operation. This has the
advantage of complete speed adjustability from zero to
the maximum speed of the test object. The turbocharger
core assembly may additionally have an axial thrust disk
which is arranged on the shaft instead of a compression
wheel. In this case, the rotatably mounted body compris-
es the shaft, the turbine wheel, and the axial thrust disk.
The axial thrust disk may be configured in such a way
that the mass and the center of gravity of the axial thrust
disk are identical to the mass and the center of gravity
of a compressor wheel provided for normal operation in
a vehicle. The inertia torque of the axial thrust disk may
approximately correspond to the inertia torque of a com-
pressor wheel provided for normal operation in a vehicle.
In addition, a force application device may be provided
for applying an axial force to the axial thrust disk. The
force application device may apply the axial force, in par-
ticular, in both directions along the axis of the shaft. The
force application device may have a pneumatic system,
wherein the pneumatic systems is configured, in partic-
ular, in order to apply a compressive force on both sides
of the axial thrust disk, by which means the axial force
on the axial thrust disk, and thus on the shaft, is adjustable
in both directions during operation of the test bench. Al-
ternatively, the axial thrust disk may have ferritic material
and the force application device may comprise an elec-
tromagnetic device with an electromagnet in order to ap-
ply axial force to the axial thrust disk. The force applica-
tion device may function in conjunction with the axial force
measuring device as part of an axial force control device
which enables a controlled adjustment of the axial force.
The force application device has the advantage that, dur-
ing the measurement, the axial force affecting the test
object or the shaft of the test object, and thus the bearing
thereof, is completely variable in both directions along
the axis of the test object shaft. This even enables a so-
called zero control for the axial forces.
[0016] In embodiments, which are combinable with all
previously described embodiments, the test bench may
additionally have a turbine housing, wherein the turbine
housing is oriented centered at the axis of rotation of the
shaft, and wherein the turbine housing may be separated
from the core assembly by a leakage gap, and thus is
not in direct contact with the core assembly.
[0017] In embodiments, which are combinable with all
previously described embodiments, the test bench has
a first sensor unit for measuring the orbital path of the
shaft. The first sensor unit may have at least two distance
sensors. The two distance sensors may thereby be ar-

ranged in the region of a compressor-side end of the core
assembly. The two distance sensors may be arranged
relative to one another, in particular, at an angle between
90° and 100°, preferably at an angle between 92° and
97°, most preferably at an angle of 95°. The test bench
may have a second sensor unit for measuring an axial
movement of the shaft. The second sensor unit may have
at least one distance sensor, wherein the distance sensor
is arranged in the region of a turbine-side end. In partic-
ular, the distance sensor may be fixed on the turbine
housing. The sensor units have the advantage that the
rotor stability and the axial play of the test object may be
documented during all measurements. Due to the avoid-
ance of coupling elements (as the test object is not driven
by an electromotor and therefore requires no coupling)
and additional masses, the actual orbital path of the shaft
of the charging device is not distorted.
[0018] In embodiments, which are combinable with all
previously described embodiments, the test bench may
be designed to measure a friction torque and an axial
force directly at the measuring component. The test
bench may be designed to operate at speeds greater
than 250,000 rpm.
[0019] In embodiments, which are combinable with all
previously described embodiments, the test bench may
be designed such that series components of a core as-
sembly of a turbocharger may be used, in particular, tur-
bine wheel, shaft, and bearing unit comprising a bearing
housing, and an oil circuit running therein.
[0020] The quality of the mounting of the shaft of a
charging device depends greatly on the behavior in the
mixed friction region of the Stribeck curves. Using the
test bench according to the invention, an exact measure-
ment of the forces arising in this region is possible for the
first time. Thus, the signs of wear of the bearing may be
better analyzed and evaluated. This is possible because
both the spatial position (thus the axial displacement and
displacement path/orbital path of the shaft) and the fric-
tion torque may be precisely determined under actual
operating conditions and approximately without distur-
bance variables. These measured values in combination
enable an exact evaluation of the behavior of the bearing
in the mixed friction region. In addition, virtually unmodi-
fied core assemblies (the replacement of the compressor
wheel being the exception) may be used for the test
bench according to the invention. Thus, no modification
of the oil circuit is necessary as well. Consequently, there
is a complete variability and control or regulating function
for all relevant lubricating oil parameters. In this way, the
test bench according to the invention also enables a com-
parison of ball bearings and standard bearings (plain
bearings) for charging devices, in particular, with respect
to the behavior at low and very high speeds/rotational
speeds.
[0021] Additional details and features of the invention
will be described with reference to the following drawings:
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Brief Description of the Figures

[0022]

Figure 1 shows a test bench according to the inven-
tion in longitudinal section according to one
embodiment,

Figure 2 shows a side view of the test bench accord-
ing to the invention of the embodiment from
Figure 1.

Detailed Description of the Figures

[0023] The test bench according to the invention is suit-
able for measuring forces and torques for charging de-
vices of all types. An embodiment for measuring the bear-
ing forces in a turbocharger will be subsequently de-
scribed with the aid of the figures
[0024] Figure 1 shows a cutaway view of the test bench
10. The test bench has a rotatably mounted body for a
charging device, a measurement component 200 in the
form of a measuring shaft which is mounted in a bearing
device 300. Bearing device 300 is configured in such a
way that measuring shaft 200 is frictionlessly mounted.
Due to the frictionless mounting, distorting influences on
the measured results are virtually eliminated. This leads
to highly precise measurements of the friction forces or
friction torques arising in the bearings of the test object
and, as a result, the friction losses determined therefrom.
The forces and torques may thereby be directly meas-
ured and do not have to be calculated. The particular
configuration of the test stand additionally enables a de-
scription of the transient friction behavior of the bearing
in the test object as well as the static behavior.
[0025] Frictionless mounting of the measuring compo-
nent or measuring shaft 200 means, in this context, that
only a negligible and very low air friction may arise. A so-
called breakaway torque caused by friction does not
arise. Frictionless mounting of the measuring component
or the measuring shaft in bearing device 300 may mean,
in particular, that frictional forces, which arise on the sur-
face of the measuring component of measuring shaft
200, are less than 1.0 N, preferably less than 0.5 N, most
preferably less than 0.1 N, in particular, less than 0.01 N.
[0026] Furthermore, test bench 10, shown in Figure 1,
equipped for measurement operation, has a test object
in the form of a turbocharger core assembly 100, which
has the rotatably mounted body. Core assembly 100
comprises a turbine wheel 120, a shaft 130, and a bearing
unit comprising a bearing housing 110, wherein bearing
housing 110 is connected to measuring component 200.
The rotatably mounted body may thereby comprise shaft
130 or shaft 130 together with turbine wheel 120. In ad-
dition, the rotatably mounted body may, e.g., also have
a compressor wheel. In addition, test bench 10 has a
turbine housing 500, wherein turbine housing 500 is ori-
ented centered at the axis of rotation of shaft 130, and

wherein turbine housing 500 is separated from core as-
sembly 100 by a leakage gap and thus is not in direct
contact with the core assembly. This means that core
assembly 100 and measuring component 200 fixed ther-
eon are completely decoupled from turbine housing 500.
[0027] In the embodiment of test bench 10 shown in
Figure 1, bearing device 300 is an aerostatic air bearing.
This means that measuring component 200 is mounted
in the test bench such that during operation of the test
bench, it floats on the air bearing. One advantage of this
type of mounting is that the virtual frictionless air mount-
ing of measuring component 200 prevents the hysteresis
and friction errors which affect and distort the results.
The aerostatic air bearing has a specific number of bear-
ing seats 400. The air bearing in the example shown has
seven bearing seats 400. These are arranged in assem-
blies of three and four at two axial positions around meas-
uring component 200 (offset from one another in a first
bearing device region, for example, at 120° respectively
and in a second bearing device region, for example, at
90° respectively). In Figure 1, only one bearing seat 400
is apparent, as the remaining are covered or are not vis-
ible in the cutaway. Bearing seats 400 have bearing pads.
The bearing pads have a porous surface so that com-
pressed air may flow through them. The porous surface
may contain carbon. For example, the porous surface
may have sintered graphite. When test bench 10 is op-
erating, a bearing gap of several micrometers is formed
between bearing device 300 or bearing seats 400 and
measuring component 200. For example, the bearing
gap may be between 3 mm and 9 mm wide, in particularly
between 5 mm and 7 mm wide. Bearing device 300 op-
erates using pressurized air. The pressures, which are
applied at bearing device 300 or bearing seats 400, may
lie between 2 bar and 10 bar, preferably between 4 bar
and 6 bar. The pressure applied at the respective bearing
seat 400 may be individually adjusted for each bearing
seat 400. This is carried out during operation via a com-
pletely automated control. The bearing pads are coupled
to a tensioning device 1000, via which they are preten-
sioned in the direction of measuring component 200. A
clamping device 1000 with a spring is visible in Figure 1.
When compressed air is applied to bearing seats 400,
bearing seats 400 move minimally against the spring
force of clamping device 1000 in order to form the bearing
gap.
[0028] Due to the design of the bearing arrangement,
measuring shaft 200 may move frictionlessly in the axial
direction in bearing device 300 and rotate around the
longitudinal axis of the measuring device. This enables
direct measurement of both a friction torque and also an
axial force.
[0029] As is particularly clear in Figure 2, test bench
10 has a friction torque measuring device 700 which is
coupled to measuring component 200 in order to meas-
ure friction torques. Friction torque measuring device 700
is thereby coupled to measuring component 200 in such
a way that a rotation of measuring components 200
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around the longitudinal axis thereof is limited. The sur-
face of the measuring components may be hardened
and/or smoothed at the coupling points (e.g., in the form
of a point support) in order to prevent the influence of
(frictional) forces at or through the coupling points. Fric-
tion torque measuring device 700 of the example shown
in Figure 2 has two load cells (710). These are able to
carry out highly exact measurements with a resolu-
tion/accuracy in the range of 0.1 N. The friction torque
and the friction power may be determined in conjunction
with the known lever arm (distance of the measuring point
of load cells 710 to the axis of measuring component
200) and the known rotational speed of shaft 130. The
test bench is designed to document friction powers in the
range from 0 to 3000 W. Two load cells 710 are arranged
on diametrically opposite sides of measuring component
2000. This enables a precise calibration of the test bench
and a measurement of the friction torque in both rotational
directions. Two load cells 710 are arranged on one or
more torque supports 720. As is apparent in Figure 2,
friction torque measuring device 700 additionally has cor-
responding receptacles 730 on each side for calibration
weights. During the calibration of the test stand, recep-
tacles 730 may be fitted with corresponding weights in
order to precisely adjust friction torque measuring device
700.
[0030] Referring again to Figure 1, the test bench has
an axial force measuring device 600 which is coupled to
measuring component 200. Axial force measuring device
600 functions for measuring axial forces which arise at
measuring component 200. Axial force measuring device
600 is thereby coupled to measuring component 200 in
such a way that an axial displacement of measuring com-
ponent 200 along its longitudinal axis is limited. Such an
arrangement allows a direct measurement of the axial
forces, transmitted from turbocharger core assembly
100, and affecting measuring component 200. Axial force
measuring device 600 has a bending beam 610. A strain
gauge (not shown in the figures), with which the axial
forces may be measured, is applied on bending beam
610. Axial force measuring device 600 may additionally
be configured such that it may be adjusted to the expect-
ed measuring forces and to the size of core assembly
100 used. This may, for example, be implemented in that
bending beam 610 is adjusted or exchanged. The cou-
pling between measuring component 200 and axial force
measuring device 600 is carried out via a single contact
point which lies on the longitudinal axis of measuring
component 200. In the region of this single contact point,
measuring component 200 may have a hardened sur-
face. Due to the contact at one single point in combination
with the hardened surface, an influence, for example, by
friction arising at the contact point, of the measurements
by load cells 710 may be avoided. Test stand 10 may
additionally have an axial force control device, wherein
measured values from axial force measuring device 600
may function as a control parameter for the axial force
control device. The axial force control device may thereby

be configured in such a way that a zero control of the
axial forces is possible. Friction torque measuring device
700 and axial force measuring device 600 enable an in-
dependent measurement of the axial and radial forces
and friction torques arising radially or axially in the bear-
ing(s) of the test object and/or caused in the test object
by the bearing(s).
[0031] In order that the highly sensitive measuring de-
vices (axial force measuring device 600 and friction
torque measuring device 700) are not damaged during
the installation or the exchange of core assembly 100, a
removable bolt 1100 is provided which fixes the meas-
uring components in the bearing device during installa-
tion or conversion work (see Figure 1).
[0032] As described above, test bench 10 shown in
Figure 1 has turbocharger core assembly 100. Core as-
sembly 100 comprises turbine wheel 120, shaft 130, and
the bearing unit comprising bearing housing 110, wherein
bearing housing 110 is connected to measuring compo-
nent 200. During operation, the test object, that is, core
assembly 100, is driven in actual operation via turbine
wheel 120. Turbine wheel 120 itself is set into motion be
an air flow. This has the advantage of complete speed
adjustability from zero to a maximum speed in actual op-
eration of the test object (thus, the charging device, for
example, a core assembly of a turbocharger of the em-
bodiment shown in the figures). Turbocharger core as-
sembly 100 additionally has an axial thrust disk 140 which
is arranged on shaft 130 instead of a compressor wheel.
In this case, the rotatably mounted body comprises, for
example, the shaft, the turbine wheel, and the axial thrust
disk. Axial thrust disk 140 is thereby preferably config-
ured in such a way that the mass and the center of gravity
of axial thrust disk 140 are identical with the mass and
the center of gravity of a compressor wheel provided for
normal operation in the vehicle. The inertia torque of axial
thrust disk 140 should approximately correspond to the
inertia torque of a compressor wheel provided for normal
operation. Test bench 10 additionally comprises a force
application device for applying an axial force to axial
thrust disk 140. The force application device is configured
such that it may apply the axial force in both directions
along the axis of shaft 130. This means that the force or
the force vector on axial thrust disk 140 (and via the same
on shaft 130) may run in the direction of the turbine-side
end or in the opposite direction, parallel to the axis of the
shaft. The force application device may have a pneumatic
system, wherein the pneumatic system is configured, in
particular, to apply a compression force on both sides of
the axial thrust disk. By this means, the axial force on
axial thrust disk 140, and via the same on shaft 130, is
adjustable in both directions during operation of test
bench 10. Alternatively, axial thrust disk 140 may have
ferritic material and the force application device may
comprise an electromagnetic device with an electromag-
net in order to apply the axial force to axial thrust disk
140. The force application device functions in conjunction
with the axial force measuring device as part of the above
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mentioned axial force control device, which enables a
controlled adjustment of the axial force. The force appli-
cation device has the advantage that, during the meas-
urement, the axial force affecting the test body, or shaft
130 of the test body, and thus the bearings thereof, is
completely variable in both directions along the axis of
test body shaft 130. The force application device is able
to apply controlled axial forces in the range from 0 to 6
300 N on axial thrust disk 140 and thus on shaft 130. The
control additionally enables a so-called zero control for
the axial forces on the basis of the precise measurements
and the force application device.
[0033] Figure 1 additionally shows a first sensor unit
of test bench 10 for measuring the orbital path of shaft
130. The first sensor unit has at least two distance sen-
sors 800. The two distance sensors are arranged in the
region of the compressor-side end of core assembly 100
(with regard to test bench 10, the end with axial thrust
disk 140). The two distance sensors 800 (only one of the
two distance sensors is visible in Figure 1, as the other
has been cut away) may be arranged relative to one an-
other, in particular, at an angle between 90° and 100°,
preferably at an angle between 92° and 97°, most pref-
erably at an angle of 95°. Test bench 10 additionally has
a second sensor unit for measuring an axial movement
of shaft 130. The second sensor unit of the embodiment
of test bench 10 shown in Figure 1 has a distance sensor
900, wherein distance sensor 900 is arranged in the re-
gion of a turbine-side end of core assembly 100. Distance
sensor 900 is fixed on turbine housing 500 and protrudes
in the direction of core assembly 100. The sensor units
with corresponding distance sensors 800, 900 have the
advantage that the rotor stability and the axial play of the
core assembly/test body may be documented during all
measurements. Due to the avoidance of coupling ele-
ments (as the core group/test body are not driven by an
electromotor and therefore no coupling is necessary) and
additional masses, the actual orbital path of the shaft of
the charging device (in the embodiment shown, of the
core assembly of a turbocharger), is not distorted.
[0034] As already mentioned above, test bench 10 is
designed in order to directly measure a friction torque
and an axial force at measuring component 200. It is
thereby possible to operate the charging device, in the
example of test bench 10 shown in Figure 1 and Figure
2, core assembly 100 of a turbocharger, with rotational
speeds achieved in actual operation. This means, test
bench 10 is thereby designed to operate the core assem-
bly or the rotating parts thereof (turbine wheel 120, shaft
130, and axial thrust disk 140) at speeds above 250,000
rpm. The described test bench 10 is thereby configured
such that series components of a core assembly 100 of
a turbocharger may be used, in particular, turbine wheel
120, shaft 130, and bearing unit with bearing housing
110, and an oil circuit running therein. Thus, no modifi-
cation of the oil circuit is necessary and complete varia-
bility and control or regulating function is provided for all
relevant lubricating oil parameters.

Claims

1. A test bench (10) for measuring forces and torques
of rotatably mounted bodies in charging devices, the
test bench (10) comprising:

a rotatably mounted body of a charging device,
a measuring component (200), and
a bearing device (300) for mounting the meas-
uring component (200),
characterized in that the bearing device (300)
is configured in such a way that the measuring
component (200) is frictionlessly mounted in the
bearing device (300), and
in that the measuring component (200) is a
measuring shaft which moves frictionlessly in
the bearing device (300) in the axial direction
and can rotate around the longitudinal axis of
the shaft in order to enable direct measurements
of both a friction torque and also an axial force.

2. The test bench according to Claim 1, characterized
in that the bearing device (300) has an aerostatic
air bearing; and optionally, wherein the aerostatic air
bearing has at least three bearing seats (400), pref-
erably seven bearing seats (400).

3. The test bench according to Claim 2, characterized
in that the bearing seats (400) have bearing pads,
in particular wherein the bearing pads have a porous
surface.

4. The test bench according to any one of the preceding
claims, characterized by a friction torque measur-
ing device (700) which is coupled to the measuring
component (200) in order to measure friction tor-
ques, in particular wherein the friction torque meas-
uring device (700) is coupled to the measuring com-
ponent (200) in such a way that a rotation of the
measuring component (200) around the longitudinal
axis of the measuring component is limited.

5. The test bench according to Claim 4, characterized
in that the friction torque measuring device (700)
has at least one load cell (710); in particular wherein
the friction torque measuring device (700) has two
load cells (710) arranged on diametrically opposite
sides of the measuring component (200) in order to
enable a precise calibration of the test bench and a
measurement of the friction torque in both rotational
directions.

6. The test bench according to any one of the preceding
claims, characterized by an axial force measuring
device (600), which is coupled to the measuring com-
ponent (200) in order to measure axial forces which
arise at the measuring component (200), in particular
wherein the axial force measuring device (600) is
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coupled to the measuring component (200) in such
a way that an axial displacement of the measuring
component (200) along the longitudinal axis of the
measuring component is limited.

7. The test bench according to Claim 6, characterized
in that the axial force measuring device (600) has a
strain gauge, with which the axial forces are meas-
ured, in particular wherein the axial force measuring
device (600) has a bending beam (610) on which the
strain gauge is applied.

8. The test bench according to Claim 6 or Claim 7, char-
acterized in that the coupling between the measur-
ing component (200) and the axial force measuring
device (600) is configured via a single contact point,
which lies on the longitudinal axis of the measuring
component (200).

9. The test bench according to any one of Claims 6
through 8, characterized by an axial force control
device, wherein measured values of the axial force
measuring device (600) function as a control param-
eter for the axial force control device; and optionally,
wherein the axial force control device is configured
in such a way that a zero control of the axial forces
is enabled.

10. The test bench according to any one of the preceding
claims, characterized by a turbocharger core as-
sembly (100), which comprises the rotatably mount-
ed body, wherein the turbocharger core assembly
has a turbine wheel (120), a shaft (130), and a bear-
ing unit comprising a bearing housing (110), wherein
the bearing housing (110) is connected to the meas-
uring component (200); and optionally, wherein the
turbocharger core assembly additionally has an axial
thrust disk (140) which is arranged on the shaft (130)
instead of a compressor wheel.

11. The test bench according to Claim 10, character-
ized in that the turbocharger core assembly addi-
tionally has an axial thrust disk (140) which is ar-
ranged on the shaft (130) instead of a compressor
wheel and by a force application device for applying
an axial force to the axial thrust disk (140), in partic-
ular wherein the axial force can be applied in both
directions along the axis of the shaft (130).

12. The test bench according to Claim 11, character-
ized in that the force application device functions in
conjunction with the axial force measuring device
(600) as part of an axial force control device which
enables a controlled adjustment of the axial force.

13. The test bench according to any one of the preceding
claims, characterized in that the test bench (10)
has a first sensor unit (800) for measuring the orbital

path of the shaft (130); and optionally, wherein the
test bench (10) additionally has a second sensor unit
(900) for measuring an axial movement of the shaft
(130).

Patentansprüche

1. Prüfstand (10) zur Messung von Kräften und Dreh-
momenten von drehbar gelagerten Körpern in Auf-
ladevorrichtungen, wobei der Prüfstand (10) um-
fasst:

einen drehbar gelagerten Körper einer Auflade-
vorrichtung,
eine Messkomponente (200), und
eine Lagervorrichtung (300) zum Befestigen der
Messkomponente (200),
dadurch gekennzeichnet, dass die Lagerein-
richtung (300) derart gestaltet ist, dass die
Messkomponente (200) reibungsfrei in der La-
gervorrichtung (300) gelagert ist, und
dass die Messkomponente (200) eine Messwel-
le ist, die sich in der Lagervorrichtung (300) rei-
bungsfrei in axialer Richtung bewegen und um
die Längsachse der Welle rotieren kann, um es
zu ermöglichen, sowohl ein Reibmoment als
auch eine Axialkraft direkt zu messen.

2. Prüfstand nach Anspruch 1, dadurch gekennzeich-
net, dass die Lagervorrichtung (300) eine aerosta-
tische Luftlagerung aufweist; und wobei gegebenen-
falls die aerostatische Luftlagerung mindestens drei
Lageraufnahmen (400), vorzugsweise sieben Lage-
raufnahmen (400), aufweist.

3. Prüfstand nach Anspruch 2, dadurch gekennzeich-
net, dass die Lageraufnahmen (400) Lagerpads
aufweisen, insbesondere wobei die Lagerpads eine
poröse Oberfläche aufweisen.

4. Prüfstand nach irgendeinem der vorangehenden
Ansprüche, gekennzeichnet durch eine Reibmo-
mentmessvorrichtung (700), die mit der Messkom-
ponente (200) gekoppelt ist, um Reibmomente zu
messen, insbesondere wobei die Reibmoment-
messvorrichtung (700) derart mit der Messkompo-
nente (200) gekoppelt ist, dass ein Rotieren der
Messkomponente (200) um die Längsachse der
Messkomponente beschränkt wird.

5. Prüfstand nach Anspruch 4, dadurch gekennzeich-
net, dass die Reibmomentmessvorrichtung (700)
mindestens eine Wägezelle (710) aufweist; insbe-
sondere wobei die Reibmomentmessvorrichtung
(700) zwei Wägezellen (710) aufweist, die auf dia-
metral gegenüberliegenden Seiten der Messkomp-
onente (200) angeordnet sind, um eine präzise Ka-
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librierung des Prüfstands sowie eine Messung des
Reibmoments in beide Drehrichtungen zu ermögli-
chen.

6. Prüfstand nach irgendeinem der vorangehenden
Ansprüche, gekennzeichnet durch eine Axialkraft-
messvorrichtung (600), die mit der Messkomponen-
te (200) gekoppelt ist, um an der Messkomponente
(200) auftretende Axialkräfte zu messen, insbeson-
dere wobei die Axialkraftmessvorrichtung (600) der-
art mit der Messkomponente (200) gekoppelt ist,
dass ein axiales Verschieben der Messkomponente
(200) entlang der Längsachse der Messkomponente
beschränkt wird.

7. Prüfstand nach Anspruch 6, dadurch gekennzeich-
net, dass die Axialkraftmessvorrichtung (600) einen
Dehnungsmessstreifen aufweist, mit dem die Axial-
kräfte gemessen werden, insbesondere wobei die
Axialkraftmessvorrichtung (600) einen Biegebalken
(610) aufweist, an dem der Dehnungsmessstreifen
aufgebracht ist.

8. Prüfstand nach Anspruch 6 oder Anspruch 7, da-
durch gekennzeichnet, dass die Kopplung zwi-
schen der Messkomponente (200) und der Axial-
kraftmessvorrichtung (600) über einen einzigen
Kontaktpunkt, der auf der Längsachse der Mess-
komponente (200) liegt, ausgebildet ist.

9. Prüfstand nach irgendeinem der Ansprüche 6 bis 8,
gekennzeichnet durch eine Axialkraft-Regelvor-
richtung, wobei Messwerte der Axialkraftmessvor-
richtung (600) als Regelparameter für die Axialkraft-
Regelvorrichtung dienen; und wobei gegebenenfalls
die Axialkraft-Regelvorrichtung derart ausgestaltet
ist, dass eine Nullregelung der Axialkräfte ermöglicht
wird.

10. Prüfstand nach irgendeinem der vorangehenden
Ansprüche, gekennzeichnet durch eine Turbola-
der-Rumpfgruppe (100), die den drehbar gelagerten
Körper umfasst, wobei die Turbolader-Rumpfgruppe
ein Turbinenrad (120), eine Welle (130) und eine La-
gereinheit mit einem Lagergehäuse (110) aufweist,
wobei das Lagergehäuse (110) mit der Messkomp-
onente (200) verbunden ist; und wobei gegebenen-
falls die Turbolader-Rumpfgruppe zusätzlich eine
Axialschubscheibe (140) aufweist, die anstelle eines
Verdichterrads auf der Welle (130) angeordnet ist.

11. Prüfstand nach Anspruch 10, dadurch gekenn-
zeichnet, dass die Turbolader-Rumpfgruppe zu-
sätzlich eine Axialschubscheibe (140) aufweist, die
anstelle eines Verdichterrads auf der Welle (130) an-
geordnet ist, und durch eine Kraftaufbringvorrich-
tung zum Aufbringen einer Axialkraft auf die Axial-
schubscheibe (140), insbesondere wobei die Axial-

kraft in beide Richtungen entlang der Achse der Wel-
le (130) aufgebracht werden kann.

12. Prüfstand nach Anspruch 11, dadurch gekenn-
zeichnet, dass die Kraftaufbringvorrichtung in Ver-
bindung mit der Axialkraftmessvorrichtung (600) als
Teil einer Axialkraft-Regelvorrichtung dient, die ein
geregeltes Einstellen der Axialkraft ermöglicht.

13. Prüfstand nach irgendeinem der vorangehenden
Ansprüche, dadurch gekennzeichnet, dass der
Prüfstand (10) eine erste Sensoreinheit (800) zur
Messung der Orbitalbahn der Welle (130) aufweist;
und wobei gegebenenfalls der Prüfstand (10) zu-
sätzlich eine zweite Sensoreinheit (900) zur Mes-
sung einer axialen Bewegung der Welle (130) auf-
weist.

Revendications

1. Banc d’essai (10) pour mesurer des forces et des
couples de corps montés de façon rotative dans des
dispositifs de recharge, le banc d’essai (10)
comprenant :

un corps monté de façon rotative d’un dispositif
de recharge,
un composant de mesure (200), et
un dispositif à palier (300) pour monter le com-
posant de mesure (200), caractérisé en ce que
le dispositif à palier (300) est configuré de ma-
nière telle que le composant de mesure (200)
soit monté sans friction dans le dispositif à palier
(300), et
dans lequel le composant de mesure (200) est
un arbre de mesure qui se déplace sans friction
dans le dispositif à palier (300) dans la direction
axiale et peut entrer en rotation autour de l’axe
longitudinal de l’arbre afin de permettre d’effec-
tuer des mesures à la fois d’un couple de friction
et également d’une force axiale.

2. Banc d’essai selon la revendication 1, caractérisé
en ce que le dispositif à palier (300) a un palier à air
aérostatique ; et optionnellement, dans lequel le pa-
lier à air aérostatique a au moins trois sièges de pa-
lier (400), de préférence sept sièges de palier (400).

3. Banc d’essai selon la revendication 2, caractérisé
en ce que les sièges de palier (400) ont des patins
de palier, en particulier dans lequel les patins de pa-
lier ont une surface poreuse.

4. Banc d’essai selon l’une quelconque des revendica-
tions précédentes, caractérisé par un dispositif de
mesure de couple de friction (700) qui est couplé au
composant de mesure (200) afin de mesurer des
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couples de friction, en particulier dans lequel le dis-
positif de mesure de couple de friction (700) est cou-
plé au composant de mesure (200) de manière telle
qu’une rotation du composant de mesure (200)
autour de l’axe longitudinal du composant de mesure
soit limitée.

5. Banc d’essai selon la revendication 4, caractérisé
en ce que le dispositif de mesure de couple de fric-
tion (700) a au moins une cellule à charge (710) ; en
particulier dans lequel le dispositif de mesure de cou-
ple de friction (700) a deux cellules à charge (710)
agencées sur des côtés diamétralement opposés du
composant de mesure (200) afin de permettre un
calibrage précis du banc d’essai et une mesure du
couple de friction dans les deux directions de rota-
tion.

6. Banc d’essai selon l’une quelconque des revendica-
tions précédentes, caractérisé par un dispositif de
mesure de force axiale (600), qui est couplé au com-
posant de mesure (200) afin de mesurer des forces
axiales qui se produisent au niveau du composant
de mesure (200), en particulier dans lequel le dispo-
sitif de mesure de force axiale (600) est couplé au
composant de mesure (200) de manière telle qu’un
déplacement axial du composant de mesure (200)
le long de l’axe longitudinal du composant de mesure
soit limité.

7. Banc d’essai selon la revendication 6, caractérisé
en ce que le dispositif de mesure de force axiale
(600) a un extensomètre, avec lequel les forces axia-
les sont mesurées, en particulier dans lequel le dis-
positif de mesure de force axiale (600) a une barre
flexible (610) sur laquelle l’extensomètre est appli-
qué.

8. Banc d’essai selon la revendication 6 ou la revendi-
cation 7, caractérisé en ce que le couplage entre
le composant de mesure (200) et le dispositif de me-
sure de force axiale (600) est configuré par l’inter-
médiaire d’un seul point de contact, qui se trouve
sur l’axe longitudinal du composant de mesure (200).

9. Banc d’essai selon un quelconque des revendica-
tions 6 à 8, caractérisé par un dispositif de com-
mande de force axiale, dans lequel des valeurs me-
surées du dispositif de mesure de force axiale (600)
servent de paramètre de commande pour le dispo-
sitif de commande de force axiale ; et optionnelle-
ment, dans lequel le dispositif de commande de force
axiale est configuré de manière telle qu’aucune com-
mande des forces axiales ne soit permise.

10. Banc d’essai selon l’une quelconque des revendica-
tions précédentes, caractérisé par un ensemble
noyau de turbocompresseur de suralimentation

(100), qui comprend le corps monté de façon rotati-
ve, dans lequel l’ensemble noyau de turbocompres-
seur de suralimentation a une roue de turbine (120),
un arbre (130), et une unité à palier comprenant un
logement de palier (110), dans lequel le logement
de palier (110) est raccordé au composant de me-
sure (200) ; et optionnellement, dans lequel l’ensem-
ble noyau de turbocompresseur de suralimentation
a additionnellement un disque de poussée axiale
(140) qui est agencé sur l’arbre (130) au lieu d’une
roue de compresseur.

11. Banc d’essai selon la revendication 10, caractérisé
en ce que l’ensemble noyau de turbocompresseur
de suralimentation a additionnellement un disque de
poussée axiale (140) qui est agencé sur l’arbre (130)
au lieu d’une roue de compresseur et par un dispositif
d’application de force pour appliquer une force axiale
sur le disque de poussée axiale (140), en particulier
dans lequel la force axiale peut être appliquée dans
les deux directions le long de l’axe de l’arbre (130).

12. Banc d’essai selon la revendication 11, caractérisé
en ce que le dispositif d’application de force sert
conjointement avec le dispositif de mesure de force
axiale (600) en tant que partie d’un dispositif de com-
mande de force axiale qui permet un ajustement
commandé de la force axiale.

13. Banc d’essai selon l’une quelconque des revendica-
tions précédentes, caractérisé en ce que le banc
d’essai (10) a une première unité à capteur (800)
pour mesurer le chemin orbital de l’arbre (130) ; et
optionnellement, dans lequel le banc d’essai (10) a
additionnellement une seconde unité à capteur (900)
pour mesurer un mouvement axial de l’arbre (130).
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