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Time and Frequency Analysis of Vehicle’s Launch Shudder
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Abstract : Vehicle’s launch shudder is an unstable phenomenon of severe torsional vibration of driveline under different
gear and throttle opening while launching in different road conditions. The phenomenon undergoes three stages, i.e. vehicle’s
launching, severe shudder and smooth riding. In this procedure, frequency components and amplitudes of the vibration
acceleration signal have significant time-varying characteristics. In this paper, three methods of time-frequency analysis, i.e.
short time Fourier transform, Wigner-Ville distribution and continuous wavelet transform, were introduced. On this basis, the
appropriate time-frequency method was chosen to analyze the acceleration signal at different positions in the car under the
conditions of M2 gear and small throttle opening. Then, the vibration time-frequency characteristics of the three stages were
revealed. Finally, the frequency characteristics of the three stages combined with the FFT analysis, the cause of launch
shudder and control of its transmission path were studied.
short time Fourier transform(STFT) ; Wigner-Ville distribution(WVD) ;

continuous wavelet transform(CWT) ; frequency domain analysis;
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Fig. 1 The acceleration in time-domain at the bottom of the

seat in longitudinal direction
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Fig. 2 The acceleration in frequency-domain at the bottom of

the seat in longitudinal direction
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Fig. 3 The STFT spectrogram at the bottom of the seat in

longitudinal direction

2.2 Wigner-Ville 7%

Wigner-Ville 73 i % #x WVD, & — Pl g 5E A1)
TR R AT x() 1) B Wigner 237 5E SCA

WVD, (1) = [+ (- %)e,ﬁ,/,dT o
2(6) = x(t) + JH[x()] = x() + % | gdf 3)

Ho 20) AT x@) FENTE S, H{x()] A (@)
(A SRAAREAR 3, 2" o 2 I LY,
R4 x(r) =, (1) + x, () WA
WVD, (t./)=WVD, (t.f)+ WVD_(t.f)+
WVD, (t./)+WVD__ (t.f)

2

WVD, )= [xe+ =3 dr - (5)

WVszx,(t’f): f;xz(t 4 %)xl*(t _ %)—jZﬂfrdT )

WD, ()=[WVD,_ )] (7)
FRLAAT
WVD (t./)= WVDL‘(tzf) + WVij(th) +
2 Re[WVDxlxz(tzf)] (®)

AR B ANME S R WVD FEARZE e A1
5 WVD Z A1, KA WVD, (1), WVD, () BRI 5
KI5, 2Re[WVD, , (t./)] 42 x,(t) B x,(t) FF) . WVD,
FRZAAE I, W24 T B I sr 2 ), B AME 5 4
e AN R Y

WVD I A5 AT AR L (e AR AR e p
] A7 A8 IR 43 AT ()4, DAL WVD 3 A 14
Gy, BT, B PR AL IR S .

hy BRIV B WVD 17 K 1 A8 I+ 4, B T
K 5 g b T 2k v 5 WVD 4b, i mT DLR L
X WVD T 45 A ISR A b 1 7 b 28 1 7
%5, B3 £ Wigner-Ville 73 4ii (SPWVD) ¥,

SPWVD (t.f) =
[ g@h@)=(t—u+ Dt -u- %)e”“”du dr

Bl 4 S P 1 B A 5 (1 WVD B AR, 1%
45 7 F HI Matlab ISR B T FAR 0 () 2R B[t o,
= tfrwv(x, t, N, trace) V1 5715 21 11, 2 o i 7] 25 KR
128, S EL N K 16 384,

5 0k %45 5 1 SPWVD IR, 145 L2 A
FH eR [t , ¢, A= tfrspwv(x, t, N, g, h, trace) TH 515 2]
(10, g hy I 38T bR L, oA AT R g R
P30 B B R ) B oK B g K BEECA 4 095, AR
FE M 16 383, I [H) 25 K HU A 128, 43 2 £ N HX
h 16384

2.3 EE/NETHR

2B T AR 5 a0y e L3(R) » W) x(r) B /N
A LKy

)



VRSP B 1 I ) A 111

DI St

-20

-40

-60

-80
0 10 20 30 40

i TH) /s
4 ke iR AN R I B A5 5 WVD B

Fig. 4 The WVD spectrogram at the bottom of the seat in

longitudinal direction
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Fig. 5 The SPWVD spectrogram at the bottom of the seat in

longitudinal direction
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Fig. 6 The CWT spectrogram at the bottom of the seat in

longitudinal direction
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Fig. 7 The SPWVD spectrogram at the transmission in

longitudinal direction
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Fig. 8 The SPWVD spectrogram at the front suspension

subframe in longitudinal direction
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Fig. 9 The comparison of accelerations in frequency-domain of

different stages at the bottom of the seat in longitudinal

direction
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