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Tribological system rotary shaft seal S?M E

* Frictional power loss in
small contact area

Seal ring
* High temperatures in

contact area (overheating)

Environment

* Contact area not
accessible for
temperature
measurement

Sealing lip

Fluid side Air side
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Problem SiME

« Overheating in the contact area
* high frictional power and/or inadequate heat transfer
« hardening of the sealing lip

» decomposition of the fluid

* Goal: determination of the contact temperature

» better than with current methods
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« without compromising the tribological system : AL T
P g g y oil carbon & i
* Vision on sealing

« status monitoring during operation edge

« adaptive operating strategy + predictive maintenance
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Options for temperature measurement SIME
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thermal imager measuring area

2. sensor in sealing lip Kl

“/\\/ 1. thermal imager

shaft

3. sensor on seal ring

contact area
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4. sensor in shaft
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Options for temperature measurement SIME
Sensor in shaft (common setup)

>
contach%

area \

seal ring
embedding material
thermocouple

) _ shaft sleeve
* technically demanding

« change of the tribo-contact

 Thermal insulation between sensor —_
and shaft
- different measurement
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Idea for the temperature measurement (virtual sensor) SIME

fluid to be sealed housing

(e.qg. oil)

rotary shaft seal

fluid side b

virtual sensor
in sealing contact

air side

shaft

 Virtual Sensor estimates temperature using mathematical models and data from other physical
sensors

* Virtual sensor does not affect the tribological system
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SmartSeal SiME
Concept

fluid to be sealed housing

(e.g.oil)- ) rotary shaft seal
fluid side it side * Replacement part for
sealing lip

sealing contact conventional shaft

(frictional heat!)

sensor system
consisting of:

_ sleeve
energy unit shaft sleeve
cambor ant cavity - does not affect the
analysis unit secondary seal

tribological system

transmission

unit shaft
convential
sealing system
(without sensors) conventional

shaft sleeve

o @
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SmartSeal SiME
Approach

Together

Optimal
geometry

UU\A £

Validation
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Temperature sensors on sensor S * M E
carrier 5mm below surface l

First prototype

- Integration into the shaft
« Early component testing
* More space in/ on the shaft than in the sleeve
« Lower temperatures for electronics than in the sleeve
» Use of a standard shaft sleeve (without cavity)

5 sensor positions

further electronics

springs mounted on shaft
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First prototype SiME
Electronics Everything is mounted on the rotating shaft

signal processing board -,
gl 7~
Pl me—

/
e ’ . )
(== .\ N

»

shaft sleeve M F)  powerbank
 — o

sensor
carrier

Arduino Uno Raspberry Pi Zero 2
shaft
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First prototype SiME
Test bench setup

seal ring

thermal imager sensor carrier cables

temperature controlled
oil sump

shaft sleeve
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First prototype
Test bench

shaft sleeve with temperature

sensors below
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housing for electronics
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First prototype SIME
Measured temperatures and shaft speed over time

90 12000 * oil sump temperature: 80°C
85 | 11750 - oil fill level: centre of shaft
1500 —— Thermocam
801 — 1250‘“E* —— RTD1
S Z —— RID2
=75 1000 RTD3
® 750 @~ RID4
70| 5 RTDS
500 5 —— shaft speed
651 250
60 °
0 2 4 6
time [h]
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First prototype SiME
Measured temperatures over axial position for different
shaft speeds Temperatures averaged
over the last 30 minutes

of each speed step

85 %
o ©
) . X ® X thermal imager
°. 80
n) : ® e ® 2000 rpm measured
) ® 1000 rpm measured
75 : ® 500 rpm measured
°
70
0 10 20 30 40 50
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9 [°C]

=

Simulation STME

Measured temperatures compared to simulated <
temperatures = o Evaluation line
90 ﬁfﬂ : ’ gg r 1 2 3 4 5
85
= 2000 rpm simulated
= 1000 rpm simulated
80
500 rpm simulated
® 2000 rpm measured
75 ® 1000 rpm measured
® 500 rpm measured
70

0 10 20 30 40 50
position in axial direction [mm]
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SIME

Simulation
Surface temperature compared to

sensor temperature surface level

sensor level

90
Further away from the ;". sensor 2000 rpm
contact area the profiles ,“.‘ sensor 1000 rpm
are similar 85 f sensor 500 rpm
They Strongly R N e B S N Rt surface 2000 rpm
re_8e_mb|_es a normal 280 TSN oNO o surface 1000 rpm
distribution. »

The surfface 0 mmsse=tA Nl SN T surface 500 rpm
temperature near the 75

contact area is

significantly higher. o

0 10 20 30 40 50

position in axial direction [mm]
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Procedure for predicting the contact temperature SIME

+ Contact temperature derived from 5 RTD temperatures
* ldea:
Fit through RTD temperatures

New surface function based on fitted data

Temperature on ‘Temperature on
A A sensor level A "s/urface level
Ol % > O | ~%
D D D \
@) AN
position in axial direction [mm] position in axial direction [mm] position in axial direction [mm]
Step 1: Step 2: Step 3:
Temperature measurement Curve fit and determination Prediction based on
in 5 positions of fitting parameters fitting parameters

University of Stuttgart- Institute of Machine Components (IMA) 15.09.2026

18



Functions for the prediction SiME

« Function on the level of the sensors :

2
_(&>
ﬁsensor(x) —a;-e€ bitlx—xil) — a, - (x - xl) T as

* Function for surface temperature:

%&)2@4
ﬁsurface(x) — ﬁsensor(x) + b2 *adq € b3+|x-x2|

Fitted

Constants
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Prediction of surface temperature based on sensor data

X—X1

=

SIME

X—X>

2
——1 ——==2 ) .p
1-9sensor(x) =a;-e (b1+|x—x1|> —daz- (x - xl) +a; 19su‘r‘face(x) = 19sensor(x) + bZ *aq-e (b3+|x—x2|) '

90.0 1

87.5 1

75.0 1

72.51

20 30 40

position in axial direction [mm]

10
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mmmm surface temperature

@ sensor temperature
—— 9_sensor(x)
9 surface(x)

0 500 1000 1500 2000
shaft speed [1/min]
Surface and sensor temperatures based on
simulations for better consistency
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Second prototype SiME

groove for sensor carrier cavity for additional electronics  groove for cables

cover

mounting flange

temperature sensors for electronics

on sensor carrier split shaft

sleeve
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Second prototype SiME
Test bench setup

seal ring thermal imager

temperature controlled
oil sump

shaft sleeve
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Second prototype SIME
Electronics Everything is mounted on the rotating shaft

Sensor carrier

Shaft sleeve

Housing for Electronicsll

Signal processing chip reciver

Arduino Nano BLE |
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Second prototype
Temperatures over position

in axial direction

>
RS

120
115 X thermal imager
11
0 X 6000 rpm measured
105
oX ® 5000 rpm measured
100
o 95 o oXo ® 4000 rpm measured
P» 90 : :x: ® 3000 rpm measured
® o
85 ! P .><‘ ® 2000 rpm measured
80 LI ! ® 1000 rpm measured
75 ® 500 rpm measured
70
0 10 20 30 40 50

position in axial direction [mm)]
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Second prototype SiME
Prediction of surface temperature

mmmm surface temperature
@ sensor temperature
—— 9_sensor(x)

9 _surface(x)

1201

1101

0 500 10001500200025003000350040004500500055006000

90 1
shaft speed [1/min]

80
Surface and sensor temperatures based on

simulations for better consistency

position in axial direction [mm]
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Conclusion SiME

 Virtual sensor for contact temperature

+ 5 sensor positions >

 Prediction of surface temperature using a mathematical model

* Based on simulations

* Advantages of the SmartSeal system

« Comparatively low costs

° Ease Of Use 90.0 mmmm surface temperature
@ sensor temperature

« Real-time evaluation 87.5] T et

» Suitable for long-term tests in real applications 85.01

* No alteration of the tribocontact el

* New possibilities

* Adaptive operating strategies, predictive maintenance,
lifetime prediction

75.0

72.5
0 10 20 30 40
position in axial direction [mm]
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