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Motivation
Usage of hydrodynamic plain bearings

Machine element: hydrodynamic plain bearings
plain bearing

shaft

Qe
housing

Advantages over roller bearings:

P Long service life due to resistance to fatigue (¥

P Good damping properties e

» Low Maintenance %

P Space and weight savings @ a0
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Motivation gﬁ\\\ SIME

Usage of hydrodynamic plain bearings

Machine element: hydrodynamic plain bearings Abnormal events as damage cause

plain bearing - can cause the load-bearing lubricating film to

collapse suddenly (vanzs)

Oil supply failure
Insufficient oil supply causes film
breakdown and solid contact

Mechanical overload
High thermal and peak loads lead to

the breakdown of the lubricating film

shaft

housing

Particle contamination

Solid particles in the oil circuit can
_ _ _ cause three-body abrasion
Hydrodynamic pressure buildup & separation of

surfaces essential for safe plain bearing operation }Abnormal events can cause rapid failure of
the whole drivetrain ksn24

a } Condition monitoring systems (CMS) need to
detect these abnormal events on time

Heavy mixed
friction

} If the pressure build-up is disrupted, the plain
bearing can suddenly fail (onyz26]
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Motivation
Energy harvesting

« Maximum sensitivity of CMS sensors through integration into the failure-critical
machine element

- No practicable installation of wired sensors in multi-axis rotating system assemblies 4
(e.g. gearboxes) possible = EH could eliminate external cabling
* Prevailing environmental conditions of the machine element are used, which are

heavily dependent on the operating conditions

DC-DC-converter for a stable power supply to sensor systems i
* In machine element applications, the output voltage of energy harvesters — !
fluctuates significantly o ,
« Sensors operate at Vp = 1.8V; 3.3V e-Peas
=» DC-DC converter required to provide stable power supply AEM13921

« Challenges involved in the DC-DC conversion are:
1. Overcoming the cold start of the DC-DC converter
2. Ensuring the SIME’s energy demand is met at all times [Epe26]

AEM13921:
Minimum cold start
voltage: Vit = 275 mV
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Sensor integrating Plain Bearings ﬁ%\\\
Structure ’

Motivation

1 Method
Results — Temperaturefield based Condition Monitoring
Results — Energy harvesting

Conclusion and Outlook
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Method

Sub-modules for Sensor-integrating Plain Bearings

Project goal:

CMS for plain bearings that meets the criteria for a sensor-integrating machine element (SiIME
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1 Introduction

Hydrodynamic plain bearings are Increasingly being used
I new appiications Mat are not covered by Me established
design standards. Prominent examples are planetary plain
besfings in Wind mrbines geamares [1] of plan bearings

These new areas of application,
are not covered by standards, increase the risk of bearing
damage during operation. In hydrodynamic plain bearings
abrasive and adhesive wear are Me cawse of the majority
of faslures [3]. In he case of sdbesive fallure, damage pro-

Increased usage of ydrodymamic piain bearings is being encomntered in appll

I thermal quiibrium by utllzing e waste heal using a plan bearing Inkegraied then
The harvestable energy budget 15 in the range of the non-oplimized demand e
(SIPH}-prolotype. Finally, measures are derived [0 acieve permancit autarkic operation of Me SIPE

Experimental and simulative investigation of an energy-autarkic,
temperature field-based Sensor-integrating Plain Bearing focusing
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as that require iraversing the mixed

55 I WING (ITNES gearnones of heavy-duly drivelrains These Opersiing conditions are nol coverad by
80N MORitoeng SySEems (CMS) can delect such critical operating conditions—e.g.
based mainienance I prevent damage.

a gap height and the beart
‘Auto-informative Plain Bearlngs” uses &
detect ritical condltions. Previous work scwed rat GUmbel-curte’s elatlon 0 the emperacure ik allows e Tube
g3 Neight determination in fuid Fricion. I Bhis Work B will be proven (al e developad CMS 3pproach aliows onling
e friction. TRIS Paper oullings e CMS design process, focusing

temperature are key paramelers for detecting

0n IESHNG URGST rAssent conditkons
critical events will be verified.

characteristic of energy autarky. The energy harvestible
ogenerator (TE
the Senscr-integrating Flain Bearing

gresses rapidly, leaving very I
e malntenance me:
rormation provided by
an be used to conl
enting conditions by Me implementation of maintenance
STl %| 100 Of malnenance mea-
sures allows downtimes 1o be minimized and costs o be
saved.

Phain bearings are used, for example, In applications such
as planetary gears in wind turbines. On e one hand, ac-
cess n the machine element &5 dificult once the gearbax
0 Instalad. On ihe Omer Nand, Ihe muit-axis rott-
2m complicates te wire routing for data and power

i the to latite con-
o avert the damage.

Thao
thao hasnenski @imse. ruth sachen.d

& . The concept of Sensor-integrat-
Ing Machine Elements enables Me development of autarkic
and compact sensor nodes In such hard-to-reach applica-
tions. However, most established monitoring methods for
plain bearings are ot suitable for creating a SIME. The
sensors ither measure cuskde the plaln bearing of require
comple dats evalustion with high energy demands. Estab-

) Soringer

Paper included in the “SIME Conference 2024” collection
(Springer Engineering Research) saszs;
=>» Detailed description of the selected submodules
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Method g@ﬁr\\\ GME

Sensor integrating plain bearing prototype

* Wireless data transfer through the bearing housing using BLE

« Experimental proof: abrasion was detectable upon occurrence in [aszs [ View: front
« TFM-based detection of abnormal events has only been investigated simulatively yet
View: back tor sid View: front
iew: back (motor side) DC-DC-Converter (AEM 13921) )~ =

BLE-Module (MDBT42) )

Vibration sensor (BMA 530) )

(i N
Digital temperature sensors

(TI TMP117)

Fl'hermogenerator )

Quantity: 24 (MGM250-71-10-16)
Angular resolution: 3.75° Width: 22 mm
Sample rate: 2.5 Hz Height: 3.2 mm
Angular span: 180-266.25° Quantity: 3

T . 150 °C
(AT 0.0078 °C

\Series connection )

(¢ )
- Super-Cap (energy buffer)
mm : . : .
= \Capacitance C: 1.5F JHardware cost prototype (lot size 1): approx. 300 €
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Method
Test rig set up

Hydrodynamic Radial-Plain Bearing Test Rig (120 mm)

(6x) heating

elements Specific Pressure p:

max: ~65 MPa

Friction torque Sliding Speed ¥ :
measurement 0.0006-3.45 m/s
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Method

Test specimen specification — Temperaturefield based Condition Monitoring

Bearing inner diameter di [mm)] 120

Bearing width b [mm] 30

Bearing outer diameter d, [mm] 180

Rel. Bearing clearance y [-] 1.1 %o

Bearing Material CuSn12Ni2-C [peuos]
Bearing Roughness Ra [um] 0.5

Shaft Material 42CrMo4 [staze)
Shaft Roughness Ra [um] 0.5

Shaft Hardness HRC [-] 56

Oil type

Castrol Optigear CT320 (PAO-based gearbox oil) (cas17]

Oil supply pressure pg; i, [MPa]

0.2

Initial Temperature T, = Ty =
Tfrictionbalance [ C]

20 (Energy Harvesting); 60; 80

Particle contamination level [-]

0.1g (iron dust (4-6 um)/ 100g (0il)) ecas]
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Method @%ﬁﬁr\\\ GME

Test procedure

Tinitial Experimental Termination Purpose

['C] Procedure criterion

Defined oil cut-off
OSF 2 10 60 after 30 min
regular operation

[72)
=
S Mechanical M _ Identify TFM-based characteristics
w ecl ancllca 3 60 |80 Regular oil supply 45R(;ml]\iltm that form before an increase in
g | overioa friction torque Mg
(&)
Conta- 1. Run-In
mination 0.5 20 60 procedure
2. Contamination
" Regular operation
S Ambi | until thermal Determine v — p —conditions enabling:
(&) - -
S Egr?/rgs),/tin gig 205 ent steady state (3h) - 1. Cold start DC-DC converter
E 9 ' (20) [98xVv—p 2. Covering energy demand SiPB
combinations
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Sensor integrating Plain Bearings
Structure

Motivation
Method

n Results — Temperaturefield based Condition Monitoring
— Abnormal event: Oil supply failure
— Abnormal event: Overheating due to mechanical overload
— Abnormal event: Particle contamination

Results — Energy harvesting

Conclusion and Outlook
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Temperaturefield based Condition Monitoring
Oil supply failure (OSF) (T, =60 'C, v=2m/s, p =10 MPa)

w

} Termination of the test due to exceeding the friction torque limit (t = 32.64 min)

_ Cut-oil |
supply
| |
| |
- Mgime =450Nm |
| |
0 10 20 30
t [min]
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Temperaturefield based Condition Monitoring
Oil supply failure (OSF) (T, =60 'C, v=2m/s, p =10 MPa)

MR imi
100 | ! = Z%T)ItNm
a Cut-off
Z, _ Qil suppl
- 90 PPy Shut-off
= test rig
0 R W Anglepos. ¢
95 |—Regular-operation— Oil supply failure without increase in friction torque 26625
262.50°
258.75°
90 |- —— 255.00°
251.25°
85 - 247 .50°
6 i 243.75°
‘ — 240.00°
.80 |- ATjscarg=z17 5" ar=05min = 1-308°C ot
— 80 ATglobal,t=29.9min local,p=217,5",At=0,5min e = ggggg
75 L = 2.9375C / e T 228.75°
e 225.00
e s e - —— 217.50°
70 = N ‘_ = — 5 656°C —— 213.75°
65 ATgi0part=30.6min = 3-942°C “!global,t=31min = O+ :%g:gg:
30 31 32 33 —
t [min] —— 195.00°
P Oil cut-off is accompanied by nearly instantaneous local temperature increases (AT e o) R
. . . . 183.75°
} Global temperature field expands increasingly following OSF (AT gopa1t = Traxt — Tmint) 180.00°
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Sensor integrating Plain Bearings
Structure

Motivation
Method

n Results — Temperaturefield based Condition Monitoring
— Abnormal event: Oil supply failure
— Abnormal event: Overheating due to mechanical overload
— Abnormal event: Particle contamination
Results — Energy harvesting

Conclusion and Outlook
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Temperaturefield based Condition Monitoring ﬁ

Overheating due to mechanical overload (T, =80 'C,v=3 m/s, p =60 MPa) -

— T ! - 60
— |/ T
[72] —_
£ 2 40 o
| > - 20 ‘E
0 ' ' 0
600 I I
.ok Mgm=450Nm |
-
=3
4
= 200} .
0 l L
0 10 20
t [min]

} Termination of the test due to exceeding the friction torque limit (t = 24.16 min)
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Temperaturefield based Condition Monitoring ﬁ%%jr\\\
Overheating due to mechanical overload (T, =80 'C,v=3 m/s, p =60 MPa) -

100 T T MR jimit

75 | Load Increase t ° 450 Nm Anglepos. ¢

Shiit-off ——266.25°
262.50

est rig 258.75°
—— 255.00°
251.25°
247 50°
243.75°
—— 240.00°
236.25°
232.50°
- 228.75°
225.00°
221.25°
- —— 217.50°
—— 213.75°
——210.00°
—— 206.25°
—— 202.50°
- ——198.75°
—— 195.00°
—— 191.25°
187.50°
183.75°
180.00°

E =03

Z 50} Phase Completed
i

=

t [min]

} High temperature level (>100 "C) & an increasing, unsteady AT, ,,-gradient as signs of impending damage

16 Experimental Investigation of an autarkic, temperature field-based Condition Monitoring System for Plain Bearings Institute for
SIME-Kongress | 15 of September 2026 | Thao Baszenski M.Sc., Jan-Christoph Méller, M.Sc. MSE Machine Elements

and Systems
Engineering

\
1l Chair of
/ \ Integrated Digital Systems
and Gircuit Design



Temperaturefield based Condition Monitoring %%%jr\\\
Overheating due to mechanical overload (T,,;,, =80 'C, v=3 m/s, p = 60 MPa)

Load Increase ' Elevated & lfluctuant

——> ——>
Phase Completed AT axar-values -

rig

70 ] ]
0 10 20

t [min]

} High temperature level (>100 "C) & an increasing, unsteady AT, ,,-gradient as signs of impending damage
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Temperaturefield based Condition Monitoring

e

Overheating due to mechanical overload (T, =80 'C,v=3 m/s, p =60 MPa) -

100 I I MR jimit
‘E 75 4 _|=450 Nm
Z
o S0 Shiit-off
s 25| esf rig
0 —— - == -
130 I |
: : inuity of the Angular
120 |- shift in oscillating discontinuity ues _ Sosition ¢
ignal toward lower @ va
temperature Si9 —— 266.25°
110 |- — — —— 255.00°
) / — 240.00°
S 100 — J /-/ | 22500
- %ﬁ’:d — —
90 | //—/F—“MJ _
N M i
70 | ]
0 10 20
- e t [min] . . . .
} Characteristic Oscillations in the temperature signals shifting position during overloading tests
} Further investigations needed to understand the underlying physical mechanisms
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Sensor integrating Plain Bearings
Structure

Motivation
Method

n Results — Temperaturefield based Condition Monitoring
— Abnormal event: Oil supply failure
— Abnormal event: Overheating due to mechanical overload
— Abnormal event: Particle contamination

Results — Energy harvesting

Conclusion and Outlook
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Temperaturefield based Condition Monitoring

Particle contamination — Run-In (T, ;;,, =60 'C, v=0.5 m/s, p = 20 MPa)

r Tttt PrrnrtPrnr 1P TP PP 1T 1T 1P 1P 17 17 1T 1T°1 1ttt rnr 1P 1P 1P 1P 17017 11
_ 05
0
E.0.251 .
>
0IIIIIIIIIIIIIIIIIIIIIIIIIIIII | I [ I I N I N N I I I
10IIIIIIIIIIIIIIIIIIIIIIIIIIIII rF 1T 1P P11t 1P 1T TP1P 1P 1P 1P
Initial friction moment
lg MR=75Nm
=,
i
=

30
20 &
10 =
O\D.
0

} Purpose: polish roughness peaks, minimal gap height in fluid friction regime during subsequent contamination
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Temperaturefield based Condition Monitoring éf\M\\\ S”"?M E
Particle contamination — Run-In (T, ;;,, =60 'C, v=0.5 m/s, p = 20 MPa) ' |

10

Anglepos. @

—— 266.25°
262.50°
258.75°

—— 255.00°

0 251.25°

70 247.50°
rrrr rrr rrrrrr1r 1T r 111 1T 11T 1T 1T T 1T T T 1T T 1T T T T T T T T T T T 1T 1711 243 75°

—— 240.00°
236.25°
232.50°

65 |- — 228.75°

O'_' 225.00°

S i 221.25

—

UL AR AADAA L~ A pARAAA A AA D AA D AR S D D A s A bl g A s & °
W \‘Hﬂ-*.u,/.mx AN R A ARARGARARAR A A A a2 A A A AR A A \/ Ve T AN v e 217.50

e e S
I’W MM%WW Bl LOEAA A A et e e e MWWWWWNNWWWWﬁR%Wmﬁ —_— 31 ggg°
a — 206.25°
— 202.50°
— 198.75°
—— 195.00°
— 191.25°

| I [ N N N O N N N N AN | | I [ [ [ I [ I N N NN N N N NN N NN N N N N N N N NN N NN N N N N BN |
QOO OOCOOOCOOOCOOOCOOOOOOOOCOOOOOOOCOOOCOOOOOOOOOOCOOOO .
NOTOONOOTOCOONODTOONXNTOONDDTOOANRXTOONDDTOONNTOONDXVTOONC 187.50
—— ANMOOITTUOOOMMNOOOOOOO—ANANOOMTSTUULOOMNOOOOOI O AN NMMITITUDWLONNMNOO

T T T TN AN NN ANANANNAN AN NN ANANN

183.75°
180.00°

} Uniform temperature distribution and friction torque value =» Run-in completed after approximately t = 900 min
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~ of Machine Elements
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Temperaturefield based Condition Monitoring %%\\\

Particle contamination — Contamination (T,,;;,, = 60 'C, v=0.5 m/s, p = 20 MPa)

| | | | | | | | | | | | | | | | | | 30
0.5 —_
@ - : ~ . : : 20 §
£, 005 |- — Addition of contaminated oil into oil tank (0.1 g iron dust per 100 g of oil) =
> - 10 E
0 ] ] ] ] | ] | ] l ] l ] ] ] ] l ] | 0
40 | | | | | | | | | | | | | | | | | |
30 =
€
Z. 20 i
o
=
10 - -
0 l ] ] | ] ] ]
Q| X ® © ® O 0 0O O O O NN O © & O O 0O ©
NN A S ™ R~ S - S U - G S SR IR SR

t [min]

} Three-body abrasion caused, resulting in a more erratic friction torque curve with local peaks during test
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Temperaturefield based Condition Monitoring %%%jr\\\
Particle contamination — Contamination (T,,;;,, = 60 'C, v=0.5 m/s, p = 20 MPa)

40 | | | | | | I | | I | I I | | | | I
— Anglepos. @

— Addition of contaminated oil into oil tank (0.1 g iron dust per 100 g of oil)

——— 266.25°
262.50°
258.75°

—— 255.00°
251.25°
247 50°
243.75°

—— 240.00°
236.25°
232.50°
228.75°
225.00°
221.25°

—— 217.50°

—— 213.75°

—— 210.00°

—— 206.25°

—— 202.50°

—— 198.75°

—— 195.00°

I I ' | ———191.25°

1
Q[ ©® ® © ® & © S ® & & . © & & O & 187.50°
O R QR g W@ @AV AR F PP

T[°C]

,\bng 183.75°
N 180.00°

t [min]
} Qualitative temperaturefield curves correlate highly with friction torque curve over time
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Temperaturefield based Condition Monitoring éf\M\\\ =
Particle contamination — Run-In vs. Contamination / SIME

Run-In
70IIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIII

Anglepos. @

— 266.25°
262.50°
et s S0 TS P2 Sa e R B SRR A s R P e e 25125
247.50°
243.75°
| [N N N N N I AN N N N N N N N A NN U N N N N N S NN N N N N N N A N N A N N N U U N D — 240.00°
OOOCOOOOOOOOCOOOOCOOOOOCOOOOOOOOOCCOOOOCOOOOOOOO0O00O0O0OO0O 236.25°
NOTOONOTOOANNTOONODTOONDNTOONONTOCONNTOONRXNTOONNTOWAN 232 50°
T NOOITTOOOMMNMOOOOO—ANANMOITUOOOOMNMOCOOO QAN ANMIT T ON’MN’OOC o
e 0NN AN ANANANAANONON I I NI NN 228.75

225.00°

] 221.25°
— 217.50°
— 213.75°
—210.00°
— 206.25°
— 202.50°
— 198.75°
—— 195.00°
— 191.25°
187.50°
183.75°
180.00°

A
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Temperaturefield based Condition Monitoring
Particle contamination — Run-In vs. Contamination

Contamination
65 [ 1 | I ; 63
64 - Min-Max Area Boxplot Mean value
——Mean 62.8
063 e ™ ] 62.6 |
o, . MMM .
B - ==
61 B | 624 QIQAZ
60 1 | 1 1 1 62 2 = 0’182 OC__
540 550 560 570 580 590 600 ' Contamination
Run-In t[min] w 02
i ()
65 ' ' | Min-Max Area - 61.8
'—64 i ——Mean 61.6
O O3k i 61.4 %{»zl(}m
- 62 F - ' = 0,068 °'C
61 - ] 61.2 Run-In
60 1 1 1 1 1 61
1440 1450 1460 1470 1480 1490 1500
t [min]
} Interquartile Range (IQA) as a characteristic for the detection of three-body abrasion
} Additionally, friction torque curve can be estimated qualitatively based on the temperature field
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Energy harvesting
Placement of the TEGs

Spacer(cold
side)

SiPB prototype

TEG

Plain bearing

(hot side)
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Energy harvesting
Experimental design

Operating conditions

 Fluid friction regime

* No pre-heating of the lubricating
oil or the load actuator

* Thermal steady-state reached

» 3h per load condition

Measurement

* 1sthour: cold start condition and testing
« 2" & 3 hour: external power (avoid limitations of energy harvesting)

« Storage capacitor voltage Vs1q

« Temperature field and TEG power output

3.5 1
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2.5 1

Sliding speed v [m/s]

1.0 A

0.5 A

0.0

1.5 1

0.0
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0.8
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Energy harvesting %ﬁﬁr\\\ SIME

Harvestable power

» Temperature difference measured between 10 .
bearing and spacer by the test rig Prec = 0.1115% - (AT - 1.51K)?
« Minimum temperature difference for 87
harvesting: AT = 2.5°C
+ RMSE: 0.5485 mW 0]
=
E
Relationship between AT and P (rowos 2
Q4 A
P « AT?
max — )
4'Rint 2
V
a=20. 0125E . calculated from (adai7
0 -
: R' - 0. 359 T T T T T T T
Int 0 2 4 6 8 10 12
ATI[K]
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Energy harvesting %j\%ﬁr\\\ SIME

Prediction of harvestable power

* Prediction of harvestable power by temperature .7 35
sensors on SiPB prototype — ety (79
0.96 - - 3.4
« Goal: linear relationship between AT and
absolute temperature of nth temperature sensor  0.95- F3.3
* High linearity for sensors T10 and T23 0.94 1 3.2
0
* Lowest RMSE for T23 o 0-931 312
- |deal candidate for prediction: T23 0927 30
0.91 A 2.9
0.90 A 2.8
0.89 - - 2.7
Sensor
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Energy harvesting
Prediction of harvestable power

Measurement of absolute temperature at T23 on
the SiPB prototype

Data shows quadratic relationship consistent
with the measurement by the test rig

Prediction of available power by the SiPB
prototype

RMSE: 0.4700 mW

Prec [MW]

10
12 ([ ]
Y

AT =0.239 - Try3 — 7.359 °C

8 .
A'e
]
..
°] &
S
e._0
o N
Y
41 40 60
T123
2 .
¢ mW or\2
Preg = 0.0050—C2 (T3 — 33.60°C)
04 e 0 @O CBO © 00
30 40 50 60 70 80
T23[°C]
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Energy harvesting %ﬁ\\\ SIME

System availability

« Operable inside typical 1 Combustion engines
operational conditions of — juar:;':zsc";”njpressors
VariOUS applicatiOnS 207 ¢ ¢ ¢ ¢ ¢ [ Electrical motors & generators

Stern tube bearings
@® Inoperable (0-10% uptime)

* Unstable or intermittent Unstable {10-40% upifme)

. . Intermittent Operation (40-70% uptime)
operation in target system 15 A ® Sub-optimal (70-90% uptime)
(transmissions) E @® Continuous Operation (90-100% uptime)

=
Q.
ke

. Ne_ed_for_further 3 10- o é o o
optimizations of energy -
consumption

5 o o o ®

[ o [ ?
0 o o ¢ o ¢ o )4
0 1 2 3 4 5
Speed v [m/s]
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Energy harvesting ﬁwx\\ =
System startup time SIiME

lelts Of Opel’atlon: [ Combustion engines
Transmissions
. . . . [ Pumps & compressors
° 20 A o o o @ o @
Mlnlmum Startup tlme Of 2 min [ Electrical motors & generators
Stern tube bearings
. @® Rapid Start (<3 min)
* Nominal startup for speeds ® Nominal Start (3-5 min)
Delayed Start (=5 min)
] 15 A @® Start-up Failure
» 22 m/s for high loads —_
o
=
» 23 m/s for low loads Q
©
g 10 4 o o @ @ @ @
-
5 A o ® o o ®
o [ J [ T @ @
o o @
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Structure ’

Motivation

Method

Results — Temperaturefield based Condition Monitoring
Results — Energy harvesting

B Conclusion and Outlook
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Conclusion and Outlook %ﬁﬁr\\\ SIME

Conclusion
« Damage critical abormal events can be detect reliably by the developed TFM-CMS-approach

— Qil supply failure (ATyp, 1) & Overheating (T, dT ., /dt) detectable at least 2 minutes friction torque increases
— Three-body abrasion caused by particle contamination can be detected instantly upon occurrence (zlQA)

« Energy autarky proven at a sliding speed v = 2.5 m/s

Outlook
* Final and energy-optimized prototype generation manufactured

— Vibration sensor for speed estimation (collaboration with SPP2305-project TU Berlin)
=» Increased robustness of the CMS

— Developing alarm thresholds and measurement strategies based on experimental data

* The finalized concept is now ready to be implemented in field applications

=» Seeking industry partners to apply the concept in field via a technology transfer project
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Method g%%ﬁr\\\ SIME

Schematic representation — Qil circuit OSF

Pressure gauge

\ Sensor-integrating
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@
Filter Qil drain
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. 1
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Method

Schematic representation — Qil circuit particle contamination

Particle sensor Pressure
Particle gauge
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particle- | - Plain Bearing
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2 74\ u Oil drain
------------- . Throttle pump
_ { Pressure
Oil supply - Relief
pump Valve _|
| oil tank | | oil tank
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Temperaturefield based Condition Monitoring &%@ﬁr\\\
Oil supply failure (OSF) (T, =60 'C, V=2 m/s, p =10 MPa) '

Load zone

Circumferential
wear mark

Wear marks shaft

sleeve

e

Adhesional wear .
mark bearing
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| |
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Temperaturefield based Condition Monitoring &%@ﬁr\\\

e

Overheating due to mechanical overload (T, =80 'C,v=3 m/s, p =60 MPa) -

Adhesional wear marks
+ heat-induced

discoloration
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Temperaturefield based Condition Monitoring
Particle contamination — Contamination (T,

=

=60 'C,v=0.5m/s, p =20 MPa) %@r SIME
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Temperaturefield based Condition Monitoring gﬂgﬁr\\\
Particle contamination — Contamination (T,,;;,, = 60 'C, v=0.5 m/s, p = 20 MPa)

Circular

Circular scratches

scratches
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