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Summary 

The paper presents the research results of twin-tube hydraulic front shock absorber used in the 

column McPherson. It was conducted on indicator test stand. The force vs displacement and force 

vs. velocity diaphragms were determined. Loop diagrams are set of average for several full cycles 

shock absorber (compression and decompression). For this average the uncertainty of shock 

absorber  damping characteristics was determined. 
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NIEPEWNO  WYZNACZANIA CHARAKTERYSTYKI T UMIENIA  

AMORTYZATORA NA STANOWISKU INDYKATOROWYM 

 

Streszczenie  

W ramach referatu przedstawiono wyniki bada  amortyzatora hydraulicznego dwururowego 

przedniego stosowanego w kolumnie McPhersona przeprowadzonych na stanowisku 

indykatorowym. W ramach bada  wyznaczono wykresy pracy oraz wykresy pr dko ciowe. 

Wykresy p tlicowe stanowi  realizacje rednie wyznaczone dla kilkudziesi ciu pe nych cykli 

pracy amortyzatora (spr anie i rozpr anie). Dla tak wyznaczonych realizacji rednich okre lono 

niepewno  wyznaczenia charakterystyki t umienia amortyzatora.  

   

S owa kluczowe: amortyzator hydrauliczny, charakterystyka t umienia  

 
 

1. INTRODUCTION 

 

The objective assessment of the technical 

condition of the shock can be examined on indicator  

shock absorber test stand. Such examination can 

generate the work graph of the shock absorber 

(force-displacement) and a velocity graph (force- 

linear velocity) and determine damping 

characteristics. Example of testing of MTS shock 

absorber test stand has been depicted in Fig. 1. 

 
 Fig. 1. MTS shock absorber test stand 

Determination of the damping characteristics can 

be achieved by two ways. The first based on 

designated force-displacement diagram at a constant 

stroke and variable angular velocity.  Forced 

damping value assuming the maximum speed of the 

piston at compression and decompression can 

receive points for the shock absorber damping 

characteristics as shown in Fig. 2. 

 
Fig. 2. Determined shock absorber characteristics 

with variable angular velocity   

and constant stroke [3] 

 

In the second approach, the angular velocity  is 

constant and the value of the stroke is changing (Fig. 

3) The damping characteristic is determined the 

same way as in the first case, assuming a value for 

the maximum damping piston velocity (separately 

compression and decompression). 
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Fig. 3. Determined shock absorber characteristics 

with variable stroke and constant angular velocity 

[3] 

 

The implementation of the calculation of the 

characteristics of the first and second approach may 

lead to some discrepancies in the designed 

characteristics (authors confirmed that in the 

publication [5]). 

These differences result from differences in the 

components designated maximum velocity, ie the 

value of the stroke and the angular velocity. For the 

assumed constant linear speed for large values of 

stroke at low frequencies is much larger pumped 

fluid than is the case with short strokes and high-

frequency excitation. Therefore, it was proposed to 

develop the characteristics of the graph F (v) to the 

plane of F (s, v) – force vs stroke and linear velocity 

(Fig. 4). 

 

 
 

Fig 4. Shock absorber damping force as a function 

of velocity and stroke 

 

2. RESEARCH ON INDICATOR TEST STAND  

 
The research on twin-tube hydraulic front shock 

absorber used in the MsPherson strut were carried 

out on indicator test stand. The Figure 5 shows view 

of the indicator test stand with mounted shock 

absorber. 

 

 

 

 

Fig. 5. Indicator test stand 

 

The measuring system diagram is shown in 

Figure 6. 

 

 
 

Fig. 6. Measurement system 

 

The force sensor CL 16 accuracy class of 0.5% is 

relative to the result of a measurement in the range 

of 10% to 100% range of the sensor. Displacement 

transducer is characterized by a basic error of 0.5% 

of the measuring range. The analyzer SigLab 20-22 

overall accuracy: ± 0.0025% of full scale. 

After mounting the shock absorber to the test 

stand, and checking the correctness of the assembly 

process followed warm up of the cold oil in shock 

absorber (work for about 60 [s]). After an initial 

warm-up followed data acquisition process.  

Measurements were made for 13-teen different 

angular velocities (frequency set on inverter)  of 

excitation and constant stroke 50 [mm]. The plots of 

force vs. displacement (Figure 7) and force vs. linear 

velocity (Figure 8) are averaged loop. 
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Fig. 7.  Force vs. displacement (frequency set on 

inverter in [Hz]) 

 

 

Fig. 8.  Force vs. velocity  (frequency set on inverter 

in [Hz]) and damping characteristic (black line) 

 

The figure 8 contains marked damping 

characteristics designated for the maximum velocity  

limit (black line). 

The averaged loop diagram were determining by 

the procedure as follow. The minimum number of 25 

full cycles consisting of compression and 

decompression were recorded. The figures 9 and 10 

shows imposed the single loop recorded at the time 

of forces and displacements.  

 

 

 

Fig. 9. Imposed displacements single loop recorded 

at time. 

 

 

Fig. 10. Imposed forces single loop recorded at time 

 

The value of force when displacement is zero 

(the position in the middle of the stroke -maximum 

linear velocity) is taken to the damping 

characteristics (separately compression and 

decompression). Sample values of forces for 

maximum velocity (for frequency 0.48 Hz) recorded 

in subsequent cycles shows figure 11.  

 

Fig. 11. Sample values of forces for maximum 

velocity in subsequent cycles 

 

In the laboratory practice the normal distribution 

is assumed to 2  estimate (ie with a probability p  

0.95) for the statistics of the measurements. Figure 

12 and 13 show the damping characteristics for 

compression and decompression with the area of 

uncertainty.  
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Fig. 12. Damping characteristics with the area of 

uncertainty for compression 

 

 
Fig. 13. Damping characteristics with the area of 

uncertainty for decompression 

 

3. SUMMARY   

 

Determination of the damping characteristics 

based on the average value of force for point of 

maximum velocity is affected of a small uncertainty 

of 5%. This value is also related to the accuracy of 

determining the representative loop. Small 

uncertainty of loop changes for a constant extitation 

provides quality of the shock absorber. 
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