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Abstract

This article takes the background of the development status of new energy vehicles in China and
the successive development and implementation of electric vehicle driving standards in the world
due to pedestrian safety issues caused by new energy vehicles driving at low speeds. Firstly, it in-
troduces the concepts of various types of vehicles including traditional internal combustion en-
gine vehicles and three types of new energy vehicles. After that, the noises of these four types of
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vehicles during driving are analyzed and the reasons for the noises are explained. Finally, the
noise differences of different types of vehicles are compared from the perspective of changes of
the noise of vehicles caused by speed changes.
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AR R Tl b2 Gt s, 2019 4, SFrREEIA Ml s K 124.2 JI5AT 120.6 T340,
Horb gl B 4 P24 70 0l 2 B 102 T30 97.2 T34 4 RS B IR 20 0 5 Ak 22.0 T3 23.2
Ji: BRORE AR R P 40 0l S8 A 2833 HAN 2737 . R ARG E, 2019 SEAE BT RERIA E IR Bk
381 JifM, SEHBTAERA R 310 Jifl. 2020 4 5 H, (U TAERE) WFH, s B il womt
W, KREF—MREEMS, R 56 NH, @icdEdo, Snssmbt. SauiSwt, #) ek
e, WO B SR« B Tt g DL BB S5 B KUK TR RE IR A L K SCRFT LR
T REVRVT L AR SRAE I B A AR

BRI A A SR A B R BN B, EIRTTE R B LR AL AT I, RESRATEE SR TEX
ER, SRITHTREVRVR R AE 8 B AT B el 77 AR e 75 LU UG, 847 AN BAT R N2 ik 17—
EHIfERE, EVs (electric vehicles) 1 HEVs (hybrid electric vehicles)fERK# A7 i It NI . ¥5 95 B [E 5
NEAZ IR R — I 8387 i HEVs A1 559703 ICEVs (internal combustion engine vehicles) 4t 11-iff
FLi7n[1], HEVs 1 ICEVs 547 ANF AT ZE R I8 % K AAEE % . REX . A RAIER S 5 ICEVs
HE, HEVs BREE R AR m W T EPRGE s 4 B2, SEAEITHE LM A5, HEVs KAES
A7 NG (R PTBE L2 ICEVs [P . Xl MRE A L 25X EVs B HEVs I ftn &3 8, LUARIRAT NIE
BT,

FE L AEL HA B AE E A E T A RRAER CRBEAT N2 4x. BLAE 2010 4, SEE €
T T N ARBEESR) [2], ZIERERAE EVs M HEVs 4§ 007 WL 50 R 48, /EITE 30 km/h
PAFATBUN 5 2 A e, BT AN B THARE) KA S, SBUZESR —HHER St . T E KA 7
[ o sl VE R E GB7258-2017 (ML 4B AT LATOREAF) » BB A TESRT 2018 4E 1 7 1 HilEx Bk
PR IE AT A St . SR VEARE R A E . “Alh IR e R RIRG S R E AR D H 4 H
5T 20 kv/h B, RRELS G4 BUR HIE 3R . HARBURZR H 2018 4F 3 H LR 1)
R4 ARG IR L AU A B i e B, DA ORIT N 224z, BRI 258 540/2014 54K
FE[3], A 2019 4 7 FJT8R, B B MR & 3h ) AL iR R A AE 2021 SEZHT %4 AVAS
(Acoustic Vehicles Alerting Systems). 1% H G0k 2 FE 42K T 20 knvh B R I A H A &, 1) J& AT A
T8 A I 3 IR E BUR G S IR RIAFEAE, B AT AR R a4 B & 3 VR R 3

MHTREVRVR A B 2N R AN & [ SEAH S VR AR I SR B B IR R R R W B AR GURE, W
BT BEVRIRZE B M P R ME I UL R ARG D EEH, IR R AT A SR I 7 St S A B R —,
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&4 IRHLIR ZE(ICE V)R 172 LA I BRHUR 9 S BRI AR N3l 71 i 224

T8 SAEJ1715 i LHIARE, HBIRZFEEVs) iAW LU A 7 SRS HRe, HEdk /1582 H i gl
SERLIVA G

RGN IAEHEVs) IR S EAEAFAA WA A UL AL a8 &, I AR Ge 2 )30 1 450 .
HEVs 3 — MM B R B LA — A KA —AN B, HEVs 1T LA SRR SIFLEE [FI3kE), &
BILIE PN HEREIE R IBOR I —A, ATFE 40 i DO 24T B A RIR O 5 3 g o B ALIE i 2 1 Ak
TN A, AERIZNE R PR RE E s, TR FIRFEBT4]. R E3)/1R
TR W) HEVs, B ity s 45 77, 48 A ARy BUSE ) 9 LR (30 7

PRt FL 5hY5 45 (FCE Vs fuel cell electric vehicles)2& 4518 F &S VIR REIR, 1@ &2 K HLL 72
A= BB TR FH R BB AT BRIV R[S ] BAR I FEL VR ZE B RRL F b B ) R G BB L ME, B EIh, A
HRG AR SFA TP RS ORI BN R LT R E W R, A2 AT
TEHEASWS), EAMHMEEEE R b oy fae. thAh, BERAAFRAHT HBUKZE
SRR W 1 TR

TR THESNBNAES 3 JSHae IR AR a4 IRE SR BRI R M E
B EL 5]
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Figure 1. The working principle of FCEVs
[ 1. FCEVs T{E[RIE

3. RERERL

UM 2 SR EIR i SR GU 5 R (IR B BE S M0 7 AR 7 5 o PRI 02 2 ol A IR A 4L
o WNIRIL R B E . RS SRS, FOI0E b S B ARl AR AN AR 2 5 I AN T i
I o AU F R AR SeRn SRR A AR L Kbl ARt . b HPR B0
o MBRARE) . WA R AR BT B ) R GRS e P RN T 5 R AR EE R A . STR 6] B 4
PR A A EE SRR, RVA SR AR M URORIE AR R SRR B A o IR A, IRGAT BRI 772
1 32 B2 7S ) ) B e P AR G VR B A A . BIS b, RS, B 70 M R o AT, i
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Table 1. Comparison of main characteristics of ICEVs, EVs, HEVs and FCEVs (partly cited from literature [5])
1. ARHUSE. BaRE. REIREMRE BB IR FE T ZRHERNLL BB 2 51 B 3THK[5])

PHRHLYACE ICEY i BV ANV HEV BUHLARI 4 FCEV
Wiz # L AL e AL
, ity .,
o g N . S
WRREGARS AR o P, AR BT P R
. P i
e S e Py e s
PEIRGIERHELIE R 75 i LRI 2 R
HHS e il e EiHbik
BAGIIE AR P BiEIRACE
. KEWIR ARG b ool AL AR
e WRALEIRE TR R T ol . (RIS P 722 )
AT Wt A A b 2 A
W AR AR eor BRI, TR
R~ A
P AL AR BRHBILA, A, TR
S S R LS U
I g P EURGHRR. LA A

FEREIT, SRR SN A e PR (4]
IR AR HLIRAE L FENIRGE S TR A B 0IRGE S SRR At A h iR 4 DY IR ) T A

3.1. RIS ERE

PRBLIVR 25 B R PR e 75 RV R BN AL AN BN ) RIS o R BINLAN S ) 22 5 (1) 75 0] 40 R I e e
MUBR G 75 FIRGE R 75 o W R 1] 2 oo, R AL 5 72 A R R I

AR TR AR A, SRERAHEROS R A OG, AR IR G R AR BT RTA EI R o AR
O FERE MRS L HEAR 7S R X e

MUBR G 75 p B A S SR ML P2, BRI TR R HEAT . ST IERHAES . Rt s
WA R R, R T 91 RE ZE T S ). MU S 32 BTG e m i e e . RV RE RS L A%
W e 75 R il 2 M 7

Whbent A, L7 A ML R B SOEE AT T  T BUUR R 800 AN 2 8 A s A X R P
Xk X SBURBININRIIIRS), FEi 2 FEREE RS . BB I RMBE ) #2251 i R BhLE 1
MPRl, A=A A . BT S AR s T AR g, BRI 75 L AL = A g g 7
R R, FHM R RPN LA B LT HR2E ARG El . VRIS T AR P B B RE AL
PG 7R FIRIGE e 7, AEV AL R Ge st 75 LS AT R et P /MR 22 o il SCHR[8TEL A 17 483 . V3
BN DURIE(10 kn/h) BRI MR RSP o [ 3 o T 4580, PRI YR 5 LA 10 km/h 17 B0 ) gk
FKF dB(A), KM S BBV ERME R 2758 11.3 dB(A), THSEMZERIME S 0225 15.2 dB(A). X 53]
AT ST 53 BT 15 HE BR3P R 75 4 S L/ AL P Mg s 2 S 5 AR 22 (A8 BT R —

3.2. BERERE

RIS EORIE TR E S I RGNS I RGeS . s ) RS EIEE WM. JT R Eshbl
I AL R R HE I 7, USRS B LN P AR R A L e B IRB AN 7S o SN ) R G RV
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Figure 2. Sources of engine noise (quoted from literature [7])
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Figure 3. Comparison of noise measurement levels when the vehicle approaches at a low
speed (10 km/h) on the ISO test site (cited from [8])
3. £ 1S0 I35 E MR E (10 kn/h)HEARSHE 75 8 K P EL B (S | B STHI[8))

AKHEIR D LR T E A BB, 1% RGH, H b B a0 B e i ik 5
#il(PWM pulse width modulation)fEIH AR 35 345 Jy i B2 AR SZ 48 I ZC i B K « PWM )R H A 72 18 g
(1, I HAEVFZ R ZE R ERARTE 5~20 kHz TGN, 1% AN AT 23 e s L) K L. 3)) 2 G ) o g s
LR AT FEBNTR AR I FE RN R, LR PSRRI 2 H 7 S AT T PR I U A 4 A O ) s A
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Figure 4. The relationship between the speed and the propulsion noise, tire noise and the total
noise of the car is calculated based on the Nord2000 noise prediction model (quoted from [10])
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Figure 5. Differences in noise emissions from HEVs and ICEVs (cited from [11])
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Figure 6. Noise reduction effect of HEVs and EVs compared with ICEVs (quoted from literature
[12])
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Figure 7. Comparison of the equivalent noise level of a HEV (EV mode) and 2 ICEVs at the
same low speed (cited from [13])
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Figure 8. The contribution of different sub-sound sources to the total noise of the
car (quoted from literature [4])
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Figure 9. In-vehicle noise level at constant speed (quoted from [15])
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Figure 10. Interior noise spectrum at constant speeds of 30km/h and 70km/h (cited from [15])
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Figure 11. External noise level when HEV and ICEV pass through the noise position at a
constant speed (quoted from [15])

[ 11. HEV #1 ICEV [BiRi@ 1 7 L B ROSERIR A 7K S (5| B 3CHR[15])

FEARAEIRE N, HBhVU A (Lijondrive) A RANLITZE (Fiat 500) 4RI AP MU HAZIL 4 4m i e
RIRENMEFS . (H2, (EMREATREN, T FRAR T A Bl e A UL R b F SR AR 5, BSR40
A BTN 7 A U E A A

5. B4

ARSI FE 7 BT PRBLY R AN =SB REURT ) B A RS 1 DL T 5

R IR BB H BV AT B =35 A AE AL B L AR I 7 A e L e 75, i A
WURZEAT B DA R B 75, R 30 7304 I LT P 75 A A S AL 75 A AE

TR SIS ) — D EE K, AFREE T M SR E AR AT, =35
REVRVZE e 75 W R AI T APV ZE, RSl IR Rk i it r B PR 4 T 75 R IR TR 5 3 TR R e
LI A SR B A e 75 o T AL P REAT RN, DUSIR MR AR E AR ZETE L, BRI R
RN R B R, M R . Rk, EEATEARAAL IR RA F R RS . R
MBI RG 3 IR IRB LY 2R AE v AT BT 2 Rt A (R P e 75 R e 75

SE

[1] National Highway Traffic Safety Administration (2009) Incidence of Pedestrian and Bicyclist Crashes by Hybrid Elec-
tric Passenger Vehicles. DOT HS 811 204.

[2] National Highway Traffic Safety Administration (2011) Minimum Sound Requirements for Hybrid and Electric Ve-
hicles-Draft Environmental Assessment.

[31 (2014) Regulation E C. No 540/2014 of the European Parliament and of the Council of 16 April 2014 on the Sound
Level of Motor Vehicles and of Replacement Silencing Systems, and Amending Directive 2007/46/EC and Repealing
Directive 70/157/EEC. Official Journal of the European Communities, 173, 65-78.

DOI: 10.12677/0jav.2020.83010 86 - 5HRE)


https://doi.org/10.12677/ojav.2020.83010

EFR

[4] Parizet, E., Janssens, K., Poveda-Martinez, P., et al. (2016) NVH Analysis Techniques for Design and Optimization of
Hybrid and Electric Vehicles.

[S] Chan, C.C., Bouscayrol, A. and Chen, K. (2010) Electric, Hybrid, and Fuel-Cell Vehicles: Architectures and Modeling.
IEEE Transactions on Vehicular Technology, 59, 589-598. https://doi.org/10.1109/TVT.2009.2033605

[6] Besnard, F., Hamet, J.F., Lelong, J., et al. (2009) Road Noise Prediction 1—Calculating Sound Emissions from Road
Traffic. SETRA, Bagneux.

[71 Lilly, LR.C. (1984) Diesel Engine Reference Book.

[8] Dubois, F., Baudet, G. and Chamard, J.C. (2012) EVADER: Electric Vehicle Alert for Detection and Emergency Re-
sponse.

[91 Zuo, S. and Yan, J. (2006) Experimental Analysis for the Interior Noise Characteristics of the Fuel Cell Car. 2006
IEEE International Conference on Vehicular Electronics and Safety, 3-15 December 2006, 241-245.
https://doi.org/10.1109/ICVES.2006.371591

[10] Kragh, J., Jonasson, H., Plovsing, B., e al. (2006) User’s Guide Nord2000 Road. Delta, SINTEF, SP and VTT.

[11] Verheijen, E., Schreurs, E. and Jabben, J. (2009) Invloed hybride voertuigen op de geluidbelasting. RIVM briefrapport
680300006.

[12] Verheijen, E. and Jabben, J. (2010) Effect of Electric Cars on Traffic Noise and Safety.

[13] JASIC (2009) A Study on Approach Warning Systems for Hybrid Vehicle in Motor Mode. The 49th GRB Session,
Geneva, 16-18 February 2009, GRB-49-10:9.

[14] Van Blokland, G. and Peeters, B. (2009) Modeling the Noise Emission of Road Vehicles and Results of Recent Expe-
riments. Internoise 2009, Ottawa, 23-26 August 2009, 5-6.

[15] Govindswamy, K. and Eisele, G. (2011) Sound Character of Electric Vehicles. SAE Technical Paper.
https://doi.org/10.4271/2011-01-1728

DOI: 10.12677/0jav.2020.83010 87 R 5RE)


https://doi.org/10.12677/ojav.2020.83010
https://doi.org/10.1109/TVT.2009.2033605
https://doi.org/10.1109/ICVES.2006.371591
https://doi.org/10.4271/2011-01-1728

	新能源汽车和内燃机汽车噪声特性比较分析
	摘  要
	关键词
	Comparative Analysis of Noise Characteristics of New Energy Vehicles and Internal Combustion Engine Vehicles
	Abstract
	Keywords
	1. 引言
	2. 各类汽车的概念
	3. 汽车噪声概述
	3.1. 内燃机汽车噪声
	3.2. 电动汽车噪声
	3.3. 混合动力汽车噪声
	3.4. 燃料电池汽车噪声

	4. 噪声对比分析
	4.1. 轮胎噪声简介
	4.2. 车速对于汽车噪声特性的影响分析

	5. 总结
	参考文献

