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Abstract: Dynamic characteristics, generation mechanism
and inhibition measure of manual transmission gear rattle
were analyzed systematically by specialized bench test and
vehicle experiment. Firstly, experimental condition and
sensor layout of manual transmission gear rattle were designed
and considerations for specific experimental operation and data
postprocessing were clarified. Secondly, characteristics
measurement of the original clutch damper was implemented

on a special test bench, and vehicle experiments of manual
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transmission gear rattle were conducted on two steady
conditions including idling and creeping condition. Finally,
clutch damper parameters optimization was proposed to inhibit
severe gear rattle phenomenon and then it was validated by
vehicle experiments. The research achievements would
contribute to improving clutch damper products and solving

gear rattle problem in the engineering practice.

Key words. gear rattle; dynamics; vehicle experiment;

generation mechanism; parameter optimization

KEBRS,. KR35 F RMAEE (noise,
vibration, harshness, NVH) & 875 J- 3 Ak &7 3& P
FIEE bR, £ HM NVH [a 8 2 E PR k& K
B AL A F I A R FER R Z —. B S
HPORHE R, LA 1/3 BB RS- F 49 1
NVH [B]# A K, T & KA AL 20% BB R 3
FHTHFEAE R DL 40 5 NVH [0 . 28 388 K
e RE M EBEA R, KRS s A
A A IR RS | UG 50 Ry MR 7 L S5 R MR S | Al IR S R
Clonk M7 , SRR 4R 3h MR By FZORIEN. 456 it
RS PR AR AR P S AT MG 7 P T X 331 Al 1
7 G il 3 SR B g B A 22 DA R R LA A AR R 2 R
FRGURRE , DI 5 A2 B 25 B o 8 2 1 4 45, (XLt B
YRR A4 Fe R P A LR I R RS AR U R E
.

R rEEME kR RN EEFER, B
FIST A AR HA A R A A S R AR R E A TR
%, Darrell Robinette 220158 1+ A8 SR 88 15 ¥ B T 5238
B 2RI AT B &P A7 A A 1A % e B IR, ST 4B
AN PR 2% T 0 4 i i R A AR, (BRI
I I % R L BR A i (L A Sy 7 R A Bl T A

FEHE . RERFA8T—, B WA, FEIRT AEFN LS RGBS, E-mail: 1133054@tongji. edu. en
WIRAEE . ROCHRA1965—) , 5, J8% , LA QI , T2, EZATSET7 1 0 E I AL B BEE B J7 1 L R A 43l 0 2 B R .

FE-mail: wuguanggiang@tongji. edu. cn



762 Rl ¥ k2 2 WE KRB 2B

RN

AL, 3% 5 S22 % sh L th L8 58 2 AW ; Crowther
FUIRE—FAER R LR AR, A
IR S HL P T Y S AR R AR A B AR i L 45
I HLLIE S wa L FUH 2 E MR E RS
A=A A 30 4 0 5 sl DA TS & s L A A
AR TFZ B SIE/NTF 2N « m, SLE R 3
Mlsh&R LA RS EEREIL T E EA 4K &
e BRI S A 5 S PR 2 B A K5 3R T AR R
AR THAVF A% AL sh G440 T S #e f o
ML, S HE R IR 3 55 R A% MR G54
BT . AT A8 P AT S ELARCR — Y R R ARG
BEd A, (B R G T 18 in 2 Bk ) Hikae
RE 2 i A6 2 R IR 55 5 72 T RS 0 Tk A T
BEEWY SRR 2 B, EEASES A
RIS UEH RS F B A W TR AR RN
AR BN 1 2E AR R R 25 S PR 3E X438 i BEL
IR AU 40 met o MR 7S, AT P B AR B O A
15 K7 50 Pl ok M S /0N, B S o BEL A T 4 A
WK A AL AR, B E RN T AR R L L
IMEI R RS WU LA ERS R, ZohliE
W sh AR S ok U5 55 AR 2R VE F R U R 4 [
BRI PR 3h I Sh IR, AR ARG B R G )
ARSI R G R B F5 AET R R A AT
A5 LA 30 AT B4, 4R S TR AR Sh A X e
LR S R T IR S KO (2 R BB 4R I AR 2R
AU T A AR B R TR R R T —
T Rl = G W BT B e L A DB R A%, X B IR 2% L
& 50 B G W1 B HL R AR A8 LA R 4 BB AR 35
B R TE /N RIS LT U R EH BT B RS
SR 1R T EA SR RIS A, B4 A
VAR 7 2 B A B R A A R AR U R B A —
FPE LN, Prasad 45 FI I SE B0 X 32 &% 2
S BELIE F/INAS FE P 26 0 e 28 10 20 S 2 1A 8 o o R
BE » 45 SR 22 W 75 A5 3030 181 PR 338 sk B 25 BELJE 7T 4 3%
oK 553 78 R i A 40 e o R BE, TNV AR il e B e K
BHLE (s A 25 M sh 2RI S AR T 28 R B3 i 30 19
o o, ELJR B — T OB AR R LR /K T [ s
RIS IR T80 F A8 ok 4% 15 30wl o i 8 KON IR R A
BR » ELig K Y BHLE S MR AR A 15 R

ASCET TIREA WA R T IR s R s
IR A I B IR 30 L s R S, R
/N R R g e s 0 4 B L A s AR T 9
Ay T AR AR B0 m T PR A ML B o Bk B MR A
REFE ; L7 5 % IR R R SR IR A 32 R

B L IR A5 2 BOR R 7 15 (IR B 3 4 e I 2
ANBELJE /N Sife B 01 1 A R} 47 Bk T 000 AL e A i
P B

1 RETHFERBTRETTR

L1 HEEREREAMERESH

W FEAE BB L mE 1 Jin. S
HHNET SRR SR ARG E 1 Bw, w
AP+ B A2 HE 6 RTHER M 1 MBI, KPR
PR 25 &4 4. B AL i — PR — 365 48 Sl
T T =45 L D T R S 8 0 o o R T T
AR ETERN L B — A R R R
BHRz= e i b, 0 =4 D08 O AN 5 5
S AR R B B R S R R
whA . Bl L Ah— AR S R A sl ik i
WA

®1 KEEREFEENSHY

Tab.1 List of fundamental vehicle information and
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Fig.1 Specific structure for a twin-shaft 6-speed

manual transmission
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Fig.5 Rotational speed and operation angle of clutch

damper on idle condition before improvement
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Fig.6 Experiment results in time-frequency domain on idle condition before improvement
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Fig.8 Experiment results in time-frequency domain on creeping condition before improvement
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Fig.13 Experiment results in time-frequency domain on creeping condition after improvement

£ LT, A Rk AR 2 BULAL AT, 7 — $HIEAT
TBU TS A 05 A e 2 3 OB B D/ » A e
Bl 1) 052 BE R 3l 7k o R 1) i E iR 3 L I

7R o Ak RN A oA s ol R P 1 Dl 34 W B
TS B R PP R B R R S S B AL . —
PHRAT AL T B E R A K fe m s R A 4 2 B



HEo5H

RBRRR 4 HUMRE BRI S R s R AR RS 769

BHE.
4 i

(1) MR 2 BT e TT R B UE By BEAF TR 4R
F R B AR A A R RS B Y TR, B TR
LR A R PR IR O 58, X BT 48 B L ik 5D
T RN o B AT AL B A, B SRR AR AR
b T BE 4 GOE A —PHRAT 2 FPARAS T, MLARAE
AR T A R R R B 1 4 R LR 147 e R
P A B 1 S8 AR 7 A

(2) BIREREZWN, HFBRSSHRIT A S
Has BT EN RSN RS RANRAAR. 1
gt 2 W BBIR AT BT 28 1 S %t
FEAE HAEXT3E 4 RO LA R B TR KRG R
RUGE—HCT T T P IR a2 TR 1
PRI 2 G I DX, AT S 7 B 1 728 B 1A 5
R LA SO ROHI R B R A AR 1 Pk BE SRR
2% i B LA A AT LA s B A R oK, 7R 56 1
BT R WIS R 2 2 b T 00 08 2 55 K A R
RT3 R E RN KR RERWEE R
BT B0 TS AR A T 6 Bl MR AR R B i (B
TE—PHNEAT O T AR R A% ik 48 ol MR A W] SR o 3.
RITER P BE— B N B A e 7 A T R M DR A A%
WM EER S,

SR

(1] 238, RrRE, 2. A a5 40 3 1 2 R RERH 5
ZRR]. RFERFFEMERRFM, 2016, 44 (2): 276.
WU Guangagiang, WU Huwei, LI Di. Review of automotive
transmission gear rattle [J]. Journal of Tongji University
(Natural Science), 2016, 44 (2). 276.

[2] ROBINETTE D, BEIKMANN R S, PIORKOWSKI P, et al.
Characterizing the onset of manual transmission gear rattle part
I. Experimental results [J]. SAE International Journal of
Passenger Cars-Mechanical Systems, 2009, 2(1); 1352.

[3] CROWTHER A R, ROZYN M K. Design and analysis of a gear
rattle test rig [J]. SAE International Journal of Passenger Cars-
Mechanical Systems, 2009, 2(1). 1431.

(4] ZEdprE, R0, HKiFl. BTORHHNTITERSERMS
SEIBIFLT]. fEahdiA, 2013,27(2):38.

CAI Longsheng, CHU Junnan, CHEN Li. Identification of gear
rattle vibration by vibration relative approach [J]. Optics and
Precision Engineering,2013, 27(2). 38.

(5] EifHE, MEE, R AEENE DEXN R REEG NE

KoM g ma)]. PRRE IR (A RBERD , 2015, 46
(12); 4453.
WANG Liansheng, HAO Zhiyong, ZHENG Kang. Effect of drag
torque on gear trains multi-body dynamics and gear rattle of a
manual transmission [ J]. Journal of Central South University
(Science and Technology), 2015, 46(12), 4453.

(6] B3, IR, BE, % ETRMEMBEGERAT RS
BRI, SR E TR, 2015,23(12) : 3430.

LIAO Fang, GAO Weimin, GU Yan, et al. Identification of gear
rattle vibration by vibration relative approach [J]. Optics and
Precision Engineering, 2015,23(12) . 3430.

(7] W40, FHR, ERE, 5%, —FFR SN EE G
WARE WA R ZN L], HEIR, 2013,35(11D):1011.

XU Xuchu, FANG Weirong, et al. The

development and application of a novel clutch torsional damper

GE Fenglong,

with three-stage stiffness [J]. Automotive Engineering, 2013,
35(11): 1011.

[8] PRASAD]J S, DAMODAR N C, NAIDU T S. Clutch hysteresis
maximization for elimination of gear rattle in a passenger bus
[C]// SAE 2013 Symposium on International Automotive
Technology. [S.1.7]: SAE, 2013; 2013-26-0100.

(o] W/NE, BREEsE, WM. XU AR F-3h A48 J AR 15 S0 kot R

FHEIS ORI L], AR, 201401 1.
XIANG Xiaolei, CHEN Dexin, LI Songsong. Theoretical &
experimental research of gear rattle noise of a double
intermediate shaft manual transmission [J]. Automobile Science
and Technology, 2014(11) ; 1.



