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Evaluation of Vehicle Vibration Attenuation When Passing Over
Speed Bumps Based on Hilbert Transform

BIAN Jiang, DUAN Xianglei, LI Bei

(SAIC Motor Technical Center, Shanghai 201804, China)

Abstract: The ride comfort plays a major role in vehicle performance. And the impact hardness and memory
shake are the key analysis indexes of ride comfort. Only considering the vehicle acceleration is not sufficient
to account for the ride comfort characteristics when a vehicle passes a speed bump. This paper presented a
method to analyze the index of memory shake, considering both the vehicle bump test and the subjective
assessment. It is shown that this method based on the Human Weighting and Hilbert Transform is suitable
for the assessment of vibration attenuation in the bump test. The method extracts the characteristics of
vibration attenuation from the complex time domain signals. The validity of memory shake index is verified
by the good consistency between the objective and subjective assessments. This method could also support

setting targets and optimization of the memory shake.

Keywords: ride comfort of speed bump; memory shake; vibration attenuation; Hilbert transform
PR IE (RPIETE) VPO EMiTEae RIRM TR MR — B G M R

MH— D EEIRSR, METDERETSREFNA  TOOVBEHLSUR AN, dlie s s, 5
WA, NATTX 6 3 P ) SRR B vy, X ZEAITT R R R S, AR N AL T VT A N A

WisHER: 2019-04-27 iEHEHEA: 2019-08-17

Z25 3R IR

0%, Baih, 2501 2T Hilbert 22 # (1 R A5 ARSI RERATAN U3k (1) 34 TR, 2019, 9(5): 327-331.

BIAN Jiang, DUAN Xianglei, LI bei . Evaluation of Vehicle Vibration Attenuation When Passing Over Speed Bumps Based on Hilbert Transform [J]. Chinese
Journal of Automotive Engineering, 2019, 9(5): 327-331. (in Chinese)



328 BRETIREFR

EE

RPERRRE M. W IR R NASA R k.
1802631 V&%, iF & I AUIN I B2 35 77 # {5 RMS
FAIRBIFEAE VDV, FE bRl .

TEIE P IE R IAEE 208 208 B 45 Fh s sy |
PCEIR . AR, JEaR S s, — s
B RS A, RO AT IE A AR A A A
MR, PR AT A (H2, IR ppd 2 )5 1
W3, WERBHIAL = SFBURRENR S, UK
PSR U O PN - A b e Y i O R2 o 1 P
U, XTI kb b o T, Bl R A Ak
KANFERRE R RAET IREFENEI IR S5, AL EE
WS RIS R R B 2 ek ]

B Y A SRR AR B B 75 T — € B 7.
JANKOWSKI %5 B i 1 /5 4 AR A R 3l v 7= 2
TP Eh M E B R N . W s Al 4%
ST R AR AR R B ) A 5 % I
() (1) DGR, G v A P A e £ L e SO AR BB
BENNUR %5 ™' i i 22 44 8 3 2 7 1% 3k 3 o ot 0
AT T 28k 2% Y g T —F
e RE T AR R BB bR A BRI AR, 8 e S 3 ek
B E) WAL SR AP R AR BB AN B
K PG IE (48 BhVPAN 77 V2 P Al o P TE, B AT
B To o™ BRI = 1 b DA SR 3589 75 R AL 1 e KA
KA A I . EIR BT TAE & T A R
BN E T, AR TR R R ORI A,
Fi 2 5 W B R RPN I — B R R,
VAW K. 2B ™ DAy o AR Sh T 06k 10 3 WL PRt
Jiiky AR, SR P B AR R AR I O AR K
S, ARARHR T A S R 1) T B = 2 B T 1)
PEEWH br

ASCAE L Fe i Bl b, B BIREE T
R R P To 9T IR R B0 3R Uk ) VA 1) R, F SR T
BT T OV MR VP AL B4R B S ol b 2 B 7 vk, T8
F BRI BEIGAE BET7%,  a HOPIE
PRBNFEE HARBIBEE . TSR S 5

n ZERE BRI B SR &
BT T SR A R, TR A

PO R, P s RER Oy BIRIE . SR
BE L TTHE R A AL s AT . i 1 TR,
587 Hh g 3 T T S bR LR RO A, AR D A
I AR IR AR, 3T 20 km/h, 30 km/h 56
AN ZE T B R, SRAESIAE 9 1000 Hze T
LA F A 2 5, RIRHT T 68 6 bR 2 7E N
(1) 7 &6 R A s P &

Hor, Ny 20km/h i, 2 5% 6 54T
RTET () A AR IR R, WP 2 . R T K0, R
B (o« FEF (2D s B 78 56 iR S sk s gy
2R 1 AN KIS 2 5, A IR BRI
PO FR . R Ah, PR 2R 03 R e . 2 E 2 IR
BWARKZESR, 65 MR R,

—— Acc-x-2#
| = = Acc-x-6# \
M“Aﬂﬁ«Am‘

g V W \}v\\/\,’\f\‘

10

[
f

DI al(m-s7?)
(=]

0 0.2 0.4 0.6
i 16] #/s

(a)

B E a/(m-s)

0 0.2 0.4 0.6

(b)

2 BERSH x. z BINEE TR



% 5 H

% F. ET Hilbert BRHEMIRIRRBIFN T77% 329

X T PP B A b B DU T SR Bh Rk, st
(1) Frow, 75 BT S sl J 1 0 o ik 2 hn A AH 1)
Wk 7 PRsh 7 E M  (Vibration Dose Value, VDV)
51751 (Root Mean Square, RMS) K1, &
B IR Re B AR . B2 e ER
VDV. RMS 845 2 5 AN K, i B 2 3 I 4k 24 5 iR
E G I TR FI W IR B R ik -

VDV:{ﬂ{qAﬂTd*l° (1

XA a, () N FIE B E (1032 i 3
2t NIEE]; T O9RAE R

2 E2uie

FEIREL 7 6 ZE I S s vy 2 2 f, - e/ b
ZERII I R Bt 2R R AEAR A, Wil 3 B, A
2k FooikAIr “mi” WARsh ek 8, B PLR
TR B Ik B AR W e . A, AR
KA EMVPT B 75 HIP g R . E VAN 5 2L
2 825 A R EMUERSZ, SRS AT ST .
BT M 22 e, B 2845t B PP 008 22 53 T R AL
K, @G- FERE A —ERE L REZEE
F R AR

6.0

— vehicle 1 _acc_z
> N = =vehicle 2 acc_z
20 F \‘ 2 - vehicle 3 acc z
: R T f ) AN
0.0 . kA HaXUlVe G Wa o WS
X - \ 17 A
7 L
5 -

JEERE a/(m-s7)
b
=Y
|
3

|
o !
=)

-10.0
0.0 0.12 0.24 0.36 0.48 0.60

3 X3 BE 2 [EINERE R Z Xt

RHARHALR T HRHEERARERNFER 12
2 TR, X I IR IR B3 AT E PPl . N
XFSEAE I E PPN R, SR PG
M HORE T IR B0 35 ok 5 TR I — M AR . AR
43 59 LA 20 km/h A1 30 km/h (1) 38 5 4 1k Gk gk ik
i, IR B 4 I RN T 5 T T B

PP IBEIEAT EIEAY, HVELRE T SAE FifE
[ 99T 70 D5k VRO I H 52 o e id Ja B IR B

SRVE M G AR B B e, B B AR R
SR BBk S

ll ; ' ’ ’ I ' ll
1% R s

FeAEEA Rt j S
¢ - 2R ; kg 30km/h &
*fﬁgﬁ R AR AT ’ﬁi"‘g@T 1R )1%“ [PrTers
1#
]

1#

4 EIRFNITATE

TN 12555100 7 6 M EMITAL 2R,
Gt i N B G AR 2 B G R e 23 A
RARD ZJa P EME. T P e o 4,
6T, TSENTEBTE, T HHENE S,
HR 1~ 5 SEBNEEMFTHHAE. mk 1T,
ANF R F VPG B A BB 2 5 . W LA AT
5 IEAT o0 0B BB PR 5325, AT i -1
NG A Af e FH T IR B3 PP A I H A i 2

xR 1 RSO ERITH2E
5 15 285 385 45 55 65 715

ME 53 45 4.5 5.9 6.7 6.8 8.5

B\ S SRIRE SRR 7%
3.1 RIIFRIEN S E

W73 e AR B A S HEAT R e A
# (Fast Fourier Transform, FFT) , ¥ K Fr 5
[ REIRIEE A2 A3 5 AL 4 AL K LLRAETR A& B
FEME, W 5 FraR. BT FFT A0 AR 6 (1) 5 K]
RRZ, GERMBAKTARN T, REHARRNT
BERE ", T AR XL, W 6 BT
TN JHERG N BE SR UG E AR xo(1) 27 B YEPE . Human
Weighting R EIE, SR Hilbert 22 A 45535 40
ZEIRITHIAR

x(¢) N4 ik Human Weighting 0 5 200E 3 J5 11
IR, 5 h@)=1/nt REER, J3W0=0 (2
JroR i) Hilbert 284, B 2% Hh 22



£9%E

330 BREIRFR
3
-
g of
P Al
¥ or
5
= 1f

10 20 30
ik A

E 5 ET FFT 1R{ELLIREIZBIRIRIZEL

SRR HE o 5~ 70 Hz | Human Weighting
Xo(2) o BB A o &
\4
AL ERYIER (- AR < Hilbert 454t

El 6 ET Hilbert THRARINTRIEIFTEIRIE

() =x()*h(1)= [ x(c)h(t-7) =] X)) g

= n(t—1)
2

e x() ZREIHE T x() AL, * LRBEH.

s REGE (2) WBESHAKRE, S2TE
HVEAR BRI Ver WA (3D PR

Y =(I:|5c(t)|dt)><A0 : (3)

R 4, WAL T 20 £ () HEREK
JER A I il 2R (RS S
3.2 BRI R IEFRIEMN

BT LR, DLV 4 20 km/h N HE, ik
AT 25 2 R ey S 0 A, TR IR R B 3
Aa bR . B 7 52 Y R A e ek R D B
Wi 7 443 R, 2% 1T 25

6.0

(=] w
(=] (=]
>-:
==

—

;.

i

=

5

DS al(m - s72)

|
e
=)

|
o
=3

0.6 0.9 1.2
IR 1) 2/s

E7 mREHERRRARES

o
o
S}
[

MR TH LA B B A1) oo N 1) 2 IR B B A
Hx A4 z [l AR B0 1, RIS K IRah
I LRI T S AR bR . T AL 2 I S
THEbS, TEHNMUERE 7 G50 PR R.

K3l 7 5 25608 8.5, IRYE LiRLE
IR RIIHER 6 RN EMRE T E, HFE5ER1
H BT BEAT RG] 8 . xFHE AR EL,
IR AR R RO, BSOS BT
AR B BT 1 SEMEWRIELL 4 5
Femgim, HEP AU, Hoa s BRI HE 5 R
PSR MU S A B0 W T T IR B IR
PR T RE S LU AR B 1) S B 2 ML

9.0/ 8.58.5 mEME

wE R AR

4544

5

P

B8 REhFAEEWING S ERITNIILE

BEXS R AR R i o ) e s R AR 50 3 e
b)Y 90 N FH R 25 i - A DA R R 50
AR AT ITIE, BT S

(1D S22 08 WL - R AN [ 2 400 e 3 B ke
JEWRE, AEAME TR IR . A F
TS O I RAR BN R A DA, G TR BRI AL
PR ME, 4 I IRV BT AR

(2) B 8 N BB AR O8N
Hilbert 2, 153 58 AR 50 1 T2 Hh A ity 2 6 2% i AR
MG — KL R LRI fa bR T REL, BeT5
55 BN R B RS AR — 2, W] T
IRENFZR PP RIS A R, e B AR &
10 SRR 32 R o



A

%58

W% F. T Hilbert LM I KIRN AN 77 7% 331

AP I ERPRA,  DASCR A A

TR IR IR ik, R E15E E
PR BN — BB AT 20 71k, REWE 9 PRI A&
BN I IR B I IR PR o M SR AT SR, AT

2E#k (References)

(1]

[2]

(3]

[4]

JEART, SkRPR, ZE, & RERSNETEVEIEN T
0], ¥Rzh 5epd, 2009, 27(9): 158-161, 166
TANG Chuanyin, ZHANG Tianxia, LI Ha, et al. Study
on Vehicle Vibration Comfort Evaluation [J]. Journal of
Vibration and Shock, 2009, 27(9): 158-161, 166.(in
Chinese)

SR8, HOR¥ T, S VPR RS
O], R SRS, 2012, 32(4): 1-5.

XIA Junzhong, MA Zongpo, FANG Zhongyan, et al.
Review for the Current Evaluation Methods of Vehicle Ride
Comfort [J]. Noise and Vibration Control, 2012, 32(4):
1-5. (in Chinese)

JANKOWSKI K P, DODD P G, PERIAM D, et al.
Analytical Investigation of Light Truck Low Frequency
Vibration [C]// SAE Technical Papers, 981170, 1998.
WTit, Euk, EVE . RS T RR P R R
Pt SRIRE 2 (O] . MRS S54RBhEH], 2013, 33(6):
82-86.

YANG Wan’an, WANG Qiang, WANG Feng. Correlation
of Subjective Evaluation and Objective Tests for Impact
Hardness/Memory Shake When Vehicles Passing Speed
Bumpers [J]. Noise and Vibration Control, 2013, 33(6):
82-86. (in Chinese)

EENAR

BEEE: 1% 1977, B, BRITH
KIEMWN. Bt @RI, EENFE
BT B S YERETF RITT AL o

Tel: 021-61388572

)

o

E-mail: bianjiang@saicmotor.com

LT AS [ i 2 2 BEAT 2 AT 0 XL, IR 24
AL R N, JE L2 AR R AT 30 11 22 S 8L,
FA B I LR N

(5]

(6]

[7]

(8]

BENNUR M, HOGLAND D, ABBOUD E. Multi-
Disciplinary Robust Optimization for Performances of
Noise & Vibration and Impact Hardness & Memory Shake
[C]// SAE Technical Papers, 2009-01-0341, 2009.
e RelarhEERE B Tk SRS (1], il
A%, 2017(8): 34-38

LI Xiaolong. Numerical Analysis Method and Research
of the Tire Impact Performance [J]. Shanghai Auto,
2017(8) : 34-38.(in Chinese)

Ve, J7ERE, 5%, 5. @ I 2
JrER S B ] FLHE TR, 2018, 49(10) =
109-115.

CHEN Long, FANG Yanteng, HE Jiaxing, et al. Vehicle
Ride Impact Objective Method Research and Design
Optimization [J]. Mechanical & Electrical Engineering
Technology, 2018, 49(10): 109-115. (in Chinese)
R . R @ MU R R AL [J]. R L
FEIT, 2016(5): 40-43

LI Xiaoyu. Chassis Tuning Based on the Optimization
of the Vehicle Impact Comfort [J]. Auto Engineer,
2016(5) : 40-43.(in Chinese)

BWESE: BaE (1986-), 5, W%
BN, 1L, EZNFELEHB 1T
Tel: 021-61385462

E-mail: duanxianglei@saicmotor.com



