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the profile form deviation and the loss of 
material are indicators for wear because of 
their easy measurement technique.

This paper describes the first approach 
to use micro-magnetic testing methods for 
gear box condition monitoring. In this case, 
a correlation between the micro-magnetic 
testing and the well-known and standard-
ized measurement of profile form deviation 
and loss of material, which are the first in-
dicators of wear, is examined. In the future, 
it will be important to compare the results 
of the micro-magnetic testing methods, 

design, the demand for in-line condition 
monitoring of highly loaded parts in such 
applications increases. Especially operat-
ing expenses for offshore structures, e. g., 
for utilization of wind energy, could be sig-
nificantly reduced by application of condi-
tion monitoring systems for minimization 
of inspection and repair efforts.

An early indication for gear box damages 
is a rising solid-borne sound. This is con-
nected with wear on the gear tooth flank 
and also with subsurface changes in the 
material of the gear teeth. Since decades 

In some applications, e. g., ships, trains or 
wind turbines, gear tooth flanks have to en-
dure high dynamic loads over decades. De-
pending on gear tooth geometry, hardness, 
residual stresses, surface and lubricant 
sooner or later interactive wear mecha-
nisms appear which will finally lead to the 
breakdown of the gear box. The characteri-
zation of hardness and residual stresses 
progress at tooth flanks of gears is a time 
and cost intensive practice in quality con-
trol. Since operation loadings increase due 
to improvements in materials and lubricant 

Micro-magnetic testing methods are qualified for non-destructive quan-
tification of hardness, hardness depth and residual stresses. Among oth-
ers they are applied for detection of grinding burn in gear wheels, but 
an application for wear condition monitoring has not yet been pub-
lished. In this paper, results of initial research of determination of wear 
condition in gear wheels by application of micro-magnetic testing sys-
tems are presented. For comparison of different wear conditions, gears 
were loaded for increasing numbers of cycles in a test rig based on FVA 
information sheet 54/7 and DIN ISO 14635 part 1. Operating conditions 
were altered by usage of different lubricants. Afterwards, wear condi-
tions were determined by conventional techniques, i. e., measuring 
change in profile and loss of material. Four measurement principles 
were evaluated for change in micro-magnetic properties determination, 
magnetic Barkhausen noise analysis, permeability and eddy-current 
measurements, as well as harmonic analysis of tangential field strength. 
A general suitability of micro-magnetic testing approach for characteri-
zation of wear condition of gear wheels could be demonstrated by com-
parison of micro-magnetic properties with common wear indicators.  
Micro-magnetic properties were not solely influenced by wear condition, 
as the selected oil, and hence the tribochemical conditions in contact 
also showed a significant effect on measured values. Therefore, further 
survey is required for direct correlation of micro-magnetic properties 
with (micro-)structural material changes.
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which detect subsurface microstructural 
changes, with other properties, for exam-
ple, the crack density or crack length. Un-
der cyclic load surface cracks occur, which 
link during further load cycles. Micropores 
can break out (micropitting) and such ar-
eas of the tooth flank appear gray. These 
areas also have a smaller wear resistance, 
so they might be removed during further 
load cycles. Under inappropriate condi-
tions, the micropitting and the profile form 
deviation gain, and it appears a sharp-
edged transition to the less damaged tooth 
flank area in direction to the pitch point. 
The sharp-edged transition leads to stress 
concentrations and subsequently the de-
velopment of cracks from the surface into 
the material. This effect is superposed by 
the classical fatigue of material at the sub-
surface as a result of cyclic shear stresses. 
Both fatigue processes together lead to the 
break out of material particles (pittings) at 
the edge of the micropitting area in direc-
tion to the tooth crest. This is a certain in-
dication that the rating life of the gear box 
is achieved and wear will increase with a 
high gradient.

A promising approach for a fast non-de-
structive in situ evaluation of wear and fa-
tigue-related properties is the application 
of micro-magnetic testing systems, relying 
on physical effects induced by cyclic mag-
netization of ferromagnetic materials (see 
Figure 1a) to enable a microstructural and 
mechanical properties analysis related to 
the magnetization behavior of the material, 
i. e., its magnetic domain structure. 

By application of a time-wise variable (si-
nusoidal) external magnetic field H(t), a 
path-dependent magnetization M(t) associ-
ated with an internal magnetic field B(t) is 
induced in ferromagnetic materials, as the 
system transitions between different states 
of metastable domain configurations, re-
sulting in a magnetic hysteresis as depicted 

in Figure 1b [1]. A change in internal mag-
netic field B(t) is equivalent to a partial rea-
lignment of material domain structure, 
e. g., growth of domains whose orientation 
is favorable as compared to direction of ex-
ternal magnetic field H(t). The process in-
corporates a translation of domain walls 
whose progress is impeded by microstruc-
tural faults, e. g., grain boundaries or dislo-
cations which represent a certain energy 
barrier to overcome. The resulting se-
quence of domain wall movement and tem-
porary pauses causes a discrete change of 
internal field B(t) characterized by so-
called Barkhausen jumps which can be an-
alyzed as a magnetic Barkhausen noise 
(MBN) signal. Permeability (μ) relates an 
external field H(t) to an internal field B(t) 
and magnetization M(t), and is also influ-
enced by the aforementioned microstruc-
ture-related magnetization process. The 
technology used in micro-magnetic sensors 
is also capable of induction of multi-fre-
quency eddy-current, which is widely ap-
plied for detection of geometric defects, 
e. g., pores or cracks. Both testing systems 
implement a harmonic analysis of the time-
dependent tangential field strength which, 
due to the presence of a magnetized object 
in test, does not entirely follow the (sinu-
soidal) excitation signal [2]. The epony-
mous fractal dimension as established by 
Schreiber et al. [3] is a measured variable 
derived from MBN signal which describes 
fatigue-related changes in surface topogra-
phy. Single or combined application of 
aforementioned measurement principles 
enables a multi-parametric characteriza-
tion of structural and/or mechanical prop-
erties of a material. Mészáros [4] deter-
mined the hardness and ferritic phase con-
tent of duplex stainless steels by harmonic 
analysis of the magnetic excitation field. 
Barteldes et al. [5] detected the formation 
of white etching cracks (WEC) in SAE 

52100 bearing steels by Barkhausen noise 
analysis (BNA). BNA is also an applicable 
tool for determination of residual stresses 
of 2nd and 3rd order as investigated by Alt-
peter et al. [6]. Holweger et al. [7, 8] related 
the BNA signals to fatigue- and wear-in-
duced changes in subsurface microstruc-
ture, e. g., alteration of dislocation density 
and subgrain formation processes in SAE 
52100 bearing steel. An overview for cur-
rent industrial applications of micro-mag-
netic testing equipment, e. g., detection of 
grinding defects in gear wheels, is given by 
Dobmann [9].

Wear of tooth flanks of case-hardened 
gear wheels is characterized by changes in 
surface and subsurface microstructure due 
to microplasticization and loss of material 
which in turn causes changes in hardness 
and residual stresses. Both effects are re-
lated to micro-magnetic properties of the 
material. Hardness affects the maximum of 
magnetic Barkhausen noise root mean 
square (RMS) envelope Mmax as well as the 
coercive field strength Hcm, as investigated 
by O’Sullivan et al. [10]. Both magnetic pa-
rameters are also influenced by residual 
and/or applied stresses as investigated by 
Lachmann et al. [11] and depicted in Fig-
ure 1c. Based on the dependency of the tar-
get dimension (mechanical property) on 
multiple variables, a calibration based on 
samples with known properties is required. 
Although quantification could not be 
achieved within preliminary investigations, 
a non-destructive qualitative verification of 
microstructural changes is feasible.

Material and test setup

For getting different wear conditions on 
gear tooth flanks, a specific test sequence 
is defined for a gear test on a standard test 
rig based on FVA information sheet 54/7 
[12] and DIN ISO 14635 part 1 [13]. The 
test rig consists of a test gear box contain-
ing the test gear wheels and a strain gear 
box connected by couplings (see Figure 2a). 
A constant torque can be applied to the sys-
tem by tensioning of the two halves of the 
claw coupling (see Figure 2b) under static 
load at standstill. During tests oil is in-
jected directly into the tooth contact zone 
with a flow rate of 2 l/min. The injection 
temperature is measured by a NiCr-Ni ther-
mocouple which is positioned in the middle 
of the injection jet. A controller keeps the 
temperature of the injected lubricant con-
stant at 90 °C. The torque applied on the 
test gear is measured at the transmission 
shaft between the two wheels by strain 

Figure 1: Principles of micro-magnetic testing systems, a) sensor and measurement setup,  
b) magnetic hysteresis and Barkhausen noise envelope, c) qualitative correlation between mechanical 
(stress and hardness) and micro-magnetic (coercive field strength and magnetic Barkhausen noise  
amplitude) parameters [1]
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gauges. The number of shaft rotations is 
counted by an inductive sensor.

Specimens were resected from case-
hardened gears made of 16MnCr5 (1.7131, 
SAE 5115) steel with 16 teeth each. Tooth 
geometry complies with standard-C accord-
ing to FVA 54/7 [12]. Exemplary images of 
that gear variant are presented in Figure 3. 
More geometric data are mentioned in Ta-
ble 1. The arithmetic mean roughness (Ra) 
of the tooth flanks had been specified 
as ≤ 0.6 μm in delivery condition.

The test sequence contained four differ-
ent load stages as outlined in Table 2. The 
first stage includes a short running-in at a 
load of 70 Nm which was not further evalu-
ated. First stage was defined as 1.5 × 105 
load cycles at nominal test load of 265 Nm. 

Stage two consisted of additional 12 × 105, 
stage three of again additional 30 × 105 and 
stage four of 45 × 105 additional load cycles 
at given test load. This test sequence was 
performed on two identical gears (1 and 2) 
in two running directions, resulting in four 
different sets of tooth flanks (1A, 1B and 
2A, 2B). The test on each set was stopped at 
a particular stage of test sequence accord-
ing to Table 2. Hence, four sets of tooth 
flanks with different wear conditions desig-
nated wear states 1, 2, 3 and 4 were gener-
ated. The described test procedure has been 
applied for three different oil types, leading 
to 12 different material conditions. After 
loading in the test gear box, single teeth 
were separated by electrical discharge ma-
chining (EDM) of the gear wheels. 

Experimental approach

In the following, an innovative strategy for 
determination of wear condition in gears 
by non-destructive measurement methods 
is presented. Initially, conventional tech-
niques are discussed, followed by micro-
magnetic testing systems. 

Profile form deviation and weight loss 
measurement. Wear of the test gear teeth 
was measured after each load stage, as pre-
scribed for micropitting tests according to 
FVA 54/7 [12]. For this purpose, the test 
gears were demounted and weighed to de-
termine the loss of material due to wear. 
Profile form deviation was identified by a 
Klingelnberg PNC65 CNC-controlled gear 
measuring machine. The profile form devi-
ation had been defined as maximum thick-
ness of material removed from the tooth 
flanks as compared to initial state of deliv-
ery. Weight loss and profile form deviation 
were used as wear indicators as the charac-
teristic parameters are in direct proportion 
to wear of the test gear tooth flanks.

Designation Formula sign Value Unit

Center distance a 91.5 mm

Face width b 14 mm

Pitch diameter pinion dw,1 73.2 mm

Pitch diameter wheel dw,2 109.8 mm

Tip diameter pinion da,1 82.46 mm

Tip diameter wheel da,2 118.36 mm

Module m 4.5 mm

Number of teeth pinion z1 16 –

Number of teeth wheel z2 24 –

Addendum modification  
coefficient pinion

x1 0.1817 mm

Addendum modification  
coefficient wheel

x2 1.715 mm

Pressure angle a 20 °

awt 22.4 °

Helix angle b 0 °

Tooth correction Without any reduction of outside and root 
diameter, no crowing over the face width

Figure 2: Gear test rig, a) photos, b) schematic drawings Figure 3: Tooth geometry of test gear set

Gear 
set Flank Wear 

state

Gear loading

Pinion torque 
(Nm)

Load cycles 
(1E5)

Total load  
cycles (1E5)

1

A 1
70 1.5

3
265 1.5

B 2

70 1.5

15265 1.5

265 12

2

A 3

70 1.5

45
265 1.5

265 12

265 30

B 4

70 1.5

90

265 1.5

265 12

265 30

265 45

Table 1: Test gear tooth geometry

Table 2: Test sequence for single teeth separated from gear sets 1A to 2B at 
the end of the respective final load stage
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ures 5 and 6, results of profile form devia-
tion and weight loss measurements are 
given for used oil types A to C and different 
wear states (conditions) 1 to 4. Wear state 0 
represents the initial condition (as deliv-
ered). In Figures 5a and 5b, wear develop-
ment is plotted for single teeth derived from 
four sets of tooth flanks (1A, 1B, 2A, 2B), 
i. e., final wear states according to Table 2. 
Figures 6a and 6b represent the measure-
ment values for gear set 2B, based on wear 
progress at one set of tooth flanks meas-
ured according to Table 3. Profile form de-
viation and weight loss increase with num-
ber of load cycles and proceeding wear 

Micro-magnetic testing systems. The 
measurements were carried out by use of 
two micro-magnetic testing systems devel-
oped by Fraunhofer Society, named Frac-
Dim (“Fractal Dimension”) and MikroMach 
(“Micro-magnetic Material Characterisa-
tion”), a version of 3MA II approach [9]. The 
testing systems induce a cyclic magnetiza-
tion to enable a non-destructive analysis of 
microstructural and mechanical properties 
related to the magnetization behavior of 
(ferromagnetic) materials. Measurement 
principles include BNA, permeability and 
eddy-current measurements and/or har-
monic analysis of the tangential field 
strength. MikroMach system uses all four 
principles, while FracDim system contains 
BNA and harmonic analysis only. 

Micro-magnetic measurements for each 
wear condition were conducted on single 
teeth cut from respective gears. In Fig-
ure 4, micro-magnetic measurement proce-
dure is exemplarily depicted for Mikro-
Mach system, procedure for FracDim sys-
tem was similar. The cyclic magnetization 
field was induced in axial direction of the 
gear, i. e., the magnetic lines of force run 
perpendicularly to gear face.

General procedure. Gear tests were con-
ducted on a standard gear test rig under 
varying operation conditions regarding gear 
load, number of cycles and quality of lubri-
cants. By changing the oil type, wear could 
be provoked (low reference oil) or sup-
pressed (high reference oil). Low reference 
(oil) test conditions were created by usage of 
oil types A and B with different chemical 
compositions and rheological properties. It 
was possible to investigate the influence of 
lubrication on the surface properties of the 
material by comparison of results of the two 
low reference test series. High reference 
(oil) tests were done using lower viscous oil 
type C causing wear reduction. Wear condi-
tion was determined intermittently and/or 
after the final load stage by measuring the 
profile form deviation and weight loss. For 
the investigation of the influence of wear on 

micro-magnetic properties of surface-near 
material, magnetic Barkhausen noise analy-
sis, permeability and eddy-current measure-
ments and/or harmonic analysis of tangen-
tial field strength were applied. The micro-
magnetic results were correlated with 
indicators of wear condition, in order to 
evaluate the applicability of micro-magnetic 
testing systems for non-destructive analysis 
of wear progress.

Results and discussion

Wear progress characterized by profile 
form deviation and weight loss. In Fig-

Gear 
set Flank Wear 

state

Gear loading

Pinion torque 
(Nm)

Load cycles 
(1E5)

Total load  
cycles (1E5)

2 B

1 70
265

1.5
1.5

902 265 12

3 265 30

4 265 45

Table 3: Intermittent test 
sequence for gear wheel 
flank of gear set 2B

Figure 4: Exemplary application of MikroMach 
sensor on single gear teeth

Figure 5: Measurement results for the testing procedure on single teeth separated from gear sets 1A  
to 2B at the end of the respective final load stage, wear states according to Table 2,  
a) profile form deviation, b) weight loss

Figure 6: Measurement results for the intermittend testing procedure on gear wheel flank of gear set 
2B, wear states according to Table 3, a) profile form deviation, b) weight loss 
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states, respectively. The progression curves 
and their slopes differ for the oils investi-
gated in detail, but the trend is basically 
similar. Low reference oils A and B lead to 
comparable results, while high reference oil 
C yields a smaller amount of wear. 

Wear development characterized by 
FracDim testing system. The measured mi-
cro-magnetic properties for the oils A, B and 
C are displayed in Figures 7a to 7c. The 
characteristics of the maximum MBN ampli-
tude Mmax, the root mean square (RMS) of 
MBN amplitude MRMS and the coercive field 

strength Phicm (analogous Hcm) were evalu-
ated. Three gear wheel teeth were investi-
gated for each wear state and arithmetic av-
erages were calculated from five measure-
ment values each. The micro-magnetic 
properties were correlated with the pro-
gress of profile form deviation ∆d, since lit-
erature and past IFA works showed that 
wear progress could be better characterized 
by this parameter than by loss of weight ∆m.

With increasing wear state from 1 to 4 (ac-
cording to Table 2), the micro-magnetic pa-
rameters indicate a qualitatively comparable 

change and progression as determined by 
profile form deviation measurement for all 
oils investigated. While Mmax and MRMS in-
creases proportionally to ∆d with load cy-
cles, Phicm decreases according to inverse 
proportional behavior. The wear-induced 
micro-magnetic property changes are de-
pendent on oil type, as can be illustrated by 
comparison of wear state 4 for oil types A, B 
and C. While the profile form deviations are 
in a comparable range between 10.0 μm (oil 
C) and 12.1 μm (oil B), the micro-magnetic 
parameters indicate significant quantitative 
differences. For example, the maximum 
MBN amplitudeMmax increases from 10.2 mV 
in initial state to 13.5 mV for oil A (+32 %), to 
15.3 mV for oil B (+50 %) and to 17.8 mV 
(+75 %) for oil C in wear state 4. This could be 
an indication that not only wear itself affects 
micro-magnetic parameters, but also type of 

Figure 8: Micro-magnetic FracDim parameters 
for three different teeth of flanks A and B in ini-
tial state (wear state 0)

Figure 7: Profile form deviation and micro-magnetic FracDim parameters development,  
wear states according to Table 2, a) for oil type A, b) for oil type B, c) for oil type C
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Figure 9: Comparison of micro-magnetic FracDim parameter Mmax and its scatter in initial state (wear 
state 0) and wear states 1 to 4 according to Table 2, a) for oil type A, b) for oil type B, c) for oil type C

lubricant and its influence on surface micro-
structure and chemical composition after 
service loading. 

In Figure 8, the impact of machining con-
ditions on micro-magnetic parameters Mmax, 
MRMS and Phicm is depicted for different 
gear wheel tooth flanks in initial (delivery) 
state 0. Within these measurements for 
three teeth both flanks (running direc-
tions), A and B were investigated. Each box-
plot is based on five measurements each. 
For flank A, the Mmax and MRMS values are 
higher and the Phicm value is lower than for 
flank B. The average difference between 
flank A and flank B is for Mmax +5.9 %, for 
MRMS +5.6 % and for Phicm -0.4 %, respec-
tively. Since the micro-magnetic parame-
ters depend on structural and mechanical 
properties as well as surface conditions, the 
differences may be related to production 
process of gear wheels which has to be eval-
uated in future research work.

In Figure 9, the scatter of measured 
maximum MBN amplitude Mmax for each 
tooth and oils A to C in initial state (wear 
state 0) and wear states 1 to 4 is plotted. 
Differences in average value and standard 
deviation are higher in wear states 3 and 4 
as compared to wear states 1 and 2. While 
differentiation between initial state and 
any wear state is easily possible for oils A 
and B, differentiation between wear states 
1 to 4 is difficult for oil A. Due to scatter, a 
sufficient amount of measurements are re-
quired to distinguish between wear condi-
tions. For oil B, the distinction between 
wear states 1 and 2 as well as 3 and 4 is 
also difficult, while a clear difference be-
tween wear state 1-2 and 3-4 is visible. 
For oil C, the Mmax data for initial state 
(wear state 0) and wear state 1 are simi-
lar, followed by an exponential increase 
for wear states 2, 3 and 4. Challenges in 
distinction are likely to arise due to inho-
mogeneous wear distribution across gear 
wheel tooth surface and/or tribochemical 
material modification. For reliable deter-
mination of component wear condition, 
statistical analysis is a prerequisite. 

Wear progress characterized by Mikro-
Mach testing system. In Figure 10, results 
of MikroMach testing system are presented 
for oils A, B and C. MikroMach system meas-
urements can be faster realized compared to 
FracDim system. Developments of permea-
bility curve (μ-curve) widening at 25 % of 
permeability maximum (μmax) DH25μ, per-
meability at remanence point μR and coer-
cive field strength Hcm were determined. For 
each wear state, six gear wheel teeth were 
investigated and the arithmetic average was 

Figure 10: Profile form deviation and micro-magnetic MikroMach parameters development, wear states 
according to Table 2, a) for oil type A, b) for oil type B, c) for oil type C
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calculated over ten measured values each. 
Again profile form deviation was used as 
wear progress indicator. 

Similar to FracDim measurements, micro-
magnetic MikroMach parameters evolve 
analogous to wear progress based on profile 
form deviation. While remanence permea-
bility μR and coercive field strength Hcm in-
crease proportionally to ∆d, μ-curve widen-
ing DH25μ is characterized by an inverse 
proportional behavior. In contrast to Frac-
Dim results, MikroMach results seem to be 
independent of used oil type. 

The scatter of MikroMach data for oils A 
to C in initial state (wear state 0) and wear 
states 1 to 4 is plotted exemplary for per-
meability at remanence point μR in Fig-
ure 11. The results indicate higher differ-
ences in standard deviation for state 0 and 
1 as compared to later states 2 to 4. While 
differentiation between initial state and 
any wear state is possible for oils A, B and 
C, differentiation between wear states 1 
and 2 as well as 3 and 4 is difficult for oil B 
as well as for wear states 2 and 4 for oil C. 
Analogous to FracDim measurements, a 
sufficient amount of measurements is re-
quired to distinguish between wear condi-
tions. For oil B, similar to FracDim meas-
urements (see Figure 9), even for data sets 
based on 60 measurements, no significant 
distinction between wear states 1 and 2 as 
well as 3 and 4 is possible, although a clear 
difference between wear state 1-2 and 3-4 
is visible. For oil C, the measured data for 
wear states 2 and 4 are of identical magni-
tude, which is not explainable by profile 
form deviation. Reasons may be inhomoge-
neous wear distribution across gear wheel 
tooth surface and occurrence of tribochem-
ical reaction products, leading to the neces-
sity of statistical parameter analysis based 
on microstructural and mechanical proper-
ties knowledge.

Conclusions

Gear tests were conducted on standard gear 
test rig under varying operation conditions 
regarding load, number of load cycles and 
oil quality. Case-hardened 16MnCr5 
(1.7131, SAE 5115) steel was tested in con-
secutive load stages for generation of four 
sets of tooth flanks with different wear con-
ditions. Wear of gear teeth was measured 
after loading by determination of profile 
form deviation and weight loss. Tests were 
repeated for three oil types. Comparable re-
sults were achieved for low reference oils A 
and B while high reference oil C led to a sig-
nificant smaller amount of wear. 

By application of micro-magnetic testing 
systems FracDim and MikroMach, a non-
destructive characterization of wear condi-
tion in gear wheels based on evaluation of 
magnetic parameters was realized for the 
first time. Micro-magnetic parameters 
could be correlated with profile form devia-
tion as suitable indicator of wear progress. 
Best results were achieved by utilization of 
magnetic Barkhausen noise analysis and 
permeability measurement. Both micro-
magnetic measurement principles were 
capable of differentiation between initial 
state and defined wear states. By variation 
of oil, wear could be provoked or sup-
pressed and not only wear itself, as defined 
by profile form deviation, affects micro-
magnetic parameters, but also oil type and 
tribochemical conditions in rolling contact.

Outlook

Further investigations are being carried 
out to investigate the reasons for changes 
in micro-magnetic parameters on a micro-
structural basis in detail. Hardness and re-
sidual stresses will be determined to evalu-
ate the correlation between loading-in-

duced microstructural changes of material 
condition and micro-magnetic parameters 
of gear wheels. Additionally, chemical sur-
face investigations are planned to validate 
the influence of lubricant on tribochemical 
reaction products and surface material 
composition in general. Surface roughness 
of specific  teeth which are characterized 
by a 3D-micro-coordinate measurement 
system will be analyzed after single load 
steps. Results will be high resolution 3D 
recordings of tooth flanks usable for deter-
mination of wear-induced change in sur-
face topography. 
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Abstract

Anwendung mikromagnetischer Prüfsysteme für die zerstörungsfreie 
Analyse des Verschleißfortschrittes in gehärteten 16MnCr5-Getriebe-
zahnrädern. Mikromagnetische Prüfverfahren wurden erfolgreich für die 
zerstörungsfreie Bestimmung von Härte, Einhärtetiefe und Eigenspannun-
gen qualifiziert und werden derzeit u. a. zur Detektion von Schleifbrand in 
Zahnrädern eingesetzt. Eine Anwendung zur Überwachung des Verschleiß-
zustands wurde allerdings noch nicht publiziert. In diesem Beitrag werden 
Ergebnisse erster Untersuchungen zur Bestimmung des Verschleißzu-
stands mittels mikromagnetischer Prüfsysteme vorgestellt. Zum Vergleich 
unterschiedlicher Verschleißzustände wurden Zahnräder in einem Prüf-
stand basierend auf FVA Informationsblatt 54/7 und DIN ISO 14635 Teil 1 
mit steigenden Lastspielzahlen beansprucht. Die Betriebsbedingungen 
wurden durch die Verwendung unterschiedlicher Schmierstoffe verändert. 
Im Anschluss erfolgte eine Quantifizierung der Verschleißzustände mit 
konventionellen Methoden, d. h. Messung der Profiländerung und des Ma-
terialverlusts. Veränderungen der mikromagnetischen Kenngrößen wur-
den mit zwei verschiedenen Prüfsystemen analysiert. Vier Messprinzipien 
wurden dabei evaluiert, die magnetische Barkhausenrauschen-Analyse, 
die Permeabilitäts- und Wirbelstrommessung sowie die Oberwellenana-
lyse der Stärke des Tangentialfelds. Durch Abgleich mikromagnetischer 
Kenngrößen mit bekannten Verschleißindikatoren, z. B. der Profilände-
rung, konnte eine generelle Anwendbarkeit des mikromagnetischen 
Prüfansatzes nachgewiesen werden. Die mikromagnetischen Eigenschaf-
ten wurden nicht ausschließlich durch den Verschleißzustand beeinflusst, 
da das gewählte Öl und folglich die tribochemischen Bedingungen im 
Wälzkontakt ebenfalls signifikante Auswirkungen auf die Messwertergeb-
nisse zeigten. Weitere Untersuchungen zur direkten Korrelation der mik-
romagnetischen Eigenschaften mit den (mikro-) strukturellen Veränderun-
gen des Werkstoffs schließen sich an. 




