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Â Testbed for condition monitoring, lifetime 

prognoses and end-of-line tests of electro-

mechanical cylinders (EMCs) with a spindle 

drive

Â Long-time high load and speed driving tests until 

a position error of the EMC occurs

Â Relevant sensors and characteristic signal 

patterns can be identified for condition 

monitoring and remaining useful lifetime (RUL) 

estimation of the EMC

Â Simplified installation

ÅTested EMC

ÅPneumatic cylinder (simulates the load on the 

EMC in axial direction)

ZeMA testbed for electromechanical cylinders

Source: Festo AG & Co. KG 
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ÂWorking cycle consists of forward stroke, 

waiting time and return stroke 

Â Sensor technology (sampling rate) [1]

ÅThree motor current sensors (each 1 MHz)

ÅThree acceleration sensors (each 100 kHz) 

-at the ball bearing

-at the plain bearing

-at the piston rod

ÅOne ultrasonic microphone (100 kHz)

ÅFour process sensors (each 10 kHz)

-Axial force

-Velocity

-Pneumatic pressure 

-Active current

High-quality measurement system at ZeMA testbed

[1] T. Schneider, N. Helwig , S. Klein, and A. Schütze , ñInfluence of Sensor Network Sampling Rate on Multivariate Statistical Condition    
Monitoring of Industrial Machines and Processes,ò Proceedings , vol. 2, no. 13, p. 781, Dec. 2018; doi : 10.3390/proceedings2130781

Velocity 200 [mm/s]

Axial force 7 [kN] (const. pulling)

Acceleration / 

Deceleration
5 [m/s²]

Stroke range 100 to 350 [mm]

Waiting time 150 [ms]

Cycle length 2.8 [s]
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PTB measurement system: SmartUp Unit (SUU)

MS5837

Temperature 1 Hz

Air Pressure 1 Hz

MPU9250

X Acceleration 1000 Hz

Y Acceleration 1000 Hz

Z Acceleration 1000 Hz

X Angular speed 1000 Hz

Y Angular speed 1000 Hz

Z Angular speed 1000 Hz

X Magnetic flux density 100 Hz

Y Magnetic flux density 100 Hz

Z Magnetic flux density 100 Hz

Temperature 1000 Hz

BMA280

X Acceleration 2000 Hz

Y Acceleration 2000 Hz

Z Acceleration 2000 Hz

Kistler 8712A5M1 (ZeMA)

Z Acceleration 100 kHz
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Extension of the ZeMA testbed

M3x

15x

cyclecyclecycle

continuous

C2x
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Â Starting point: lifetime measurement of approx. 

370h with continuous time series signal in which 

individual cycles need to be detected

Â Linking between both measurement systems: 

trigger signal of the ZeMA testbed indicates 

beginning of a cycle

Â Timestamped SUU raw data must be interpolated 

as oscillator of the low-cost system is not on point

Â Preprocessing seems to be a straightforward

process

Preprocessing of the SUU data
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Problems during preprocessing

no datano trigger

40s timejumps
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Automated Machine Learning Toolbox ïTraining

Feature 
Extraction

Feature 
Selection

Classification Validation

10-fold stratified 

cross-validation 
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