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Evaluation of Ride Comfort in Time Domain by Using z-Transform
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Young Guk Kim - Seog Won Kim - Chan Kyoung Park - Sang Soo Kim - Ki Hwan Kim

Abstract In evaluating the ride comfort of railway vehicles, relationship between passenger’s feeling and vibration char-
acteristics is very important because human feeling is dependent on frequency spectrum of vibration. Therefore, the weigh-
ing curves in frequency domain are used to evaluate the ride comfort of railway vehicles. These curves have been defined
in the Laplace transfer functions. It is necessary to convert the Laplace weighing function to the z weighing function in
order to obtain the rms value in the time domain. In the present paper, we have applied Tustin’s approximation to transform
the Laplace weighing function to the z weighing and validated this method by reviewing the various cases.

Keywords : Ride comfort, Ride index, Statistical evaluation method, Frequency weighting curve, Transfer function, analog-
digital transform, Tustin’s approximation
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Table 1 z-transforms for frequency weighting curves

Weighting Transfer function
We 5) 4.064x10"s°+4.795x 10°s* x 8.134x 10'%s° +1.008 x 10"*5”
s5 4109857 +5.994 % 10°5°+9.888x 10”5° +6.84x 105" +1.804x 10" s +3.116 x 10"25*+9.911x 10" 25+1.592x 10"
SO
We (2) 0.025952°~0.044972"—0.058552°+0.13492° +0.019952" —0.13492° +0.031952>+0.044972—0.0193
257872 +14.352°-19.982° +17.262" —9.7182° +3.6532°—0.88892+0.1101
Wi (9) 4.961x10%°+6.234x 105
$84+908.45°+4.158x10°s* +9.481x 10%° +9.332x 10757 +2.713 x 1085 +3.938 x 10°
EN/ISO
Wa (2) 0.003512°+0.00010862°—0.01042z* ~0.00021712°+0.010312°+0.0001086z—0.003401
254203 +7.12321 ~6.2062°+3.1132°-0.98312+0.1768
Wi (5 4.064 x 1o7ss+4 884 x 10°s4+9 025x10'%5°+1.008x 10'%
s5 410795 +5.834x 10°5°+9.182x 10"s° +6.916 x 10°s* +1.947x 10" s° +3.166 x 10"5°+ 1 x 105 +1.592x 10"
EN
We () 0.02649z°—0.045752" ~0.059862°+0.13732° +0.02068z" —0.13732° +0.032282>+0.045762—0.01959
581327 +14.492°-20.292° +17.642% —9.9882" +3.77322-0.92332+0.1154
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Fig. 3 rms values to sinusoidal inputs in frequency and time domain for ISO
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