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A Study on the Parameters Influence upon
Automotive Neutral Gear Rattle

D. P. Hong*, T.J. Chung**, Y. Hong***, B. M. Ahn***, B. H. Jeon***

ABSTRACT

The non-periodic angular accelerations of engine are the major cause of gear rattle. This gear rattle is
based on the existence of a backlash between the drive gear of input shaft and the free gear of output shaft
in the gearbox. Especially, the neutral gear rattle have a very bad effect on the ride quality. Test-rig was
constructed in order to evaluate the parameter influence upon the neutral gear rattle. Also, each different 4
type torsional characteristic of clutch was manufactured. Experimental conditions are the use of each dif-
ferent 4 type torsional characteristic of clutch and oil temperature variation in gearbox. In case of the same
stiffness of pre-damper type clutch at idling, the clutch of large hysteresis showed damping effects at the
2nd input gear and the 2nd output gear. Also, the main-damper type clutch was shown to large resonance
phenomenon at the 2nd input gear. Accordingly. main-damper type clutch was unapproriate at idling.

Key Words : neutral gear rattle(5% 710] #§8), test-rig(¥]~E #1), torsional characteristic (F15d &4),
pre~damper clutch(Ze]d® E2)4)), main-damper clutch (¥ 1HH F21])

1T.M 2 12 Sl o9 A2 g A% FolA 59, ohdA]
Aok Ao BHdAA A ZTs % AGY] 459 #F

= AFA B AT EES R KH|AEY aT e AEsY
FEIAIL AA ARSM o8 FAHE FRI} a2y, o2 dste] FHAEAY 7% FAL 24
AA Z=e2e] 122 8 B3 +EAFE A% Boll wet 97 HAT o dhd FHAEA FEY B
O BEHALGA Y 253 252 B A4 A7 Aol Fao] FHAEA A 237 JFo] o 4A #

78 @ & A (good design) ¥ vhekgh A (vari- HA Heh FEHAGANN F2 FAsts AEoB=
ous color)9] 78 @ AW Aelelole] AAFEH A DA 2EH TEALT] St o E £57% AFgL 4
wE BN TE o) 2 AFA AFLA GEd AT Arelafel A& FEol <P 29 B2 AR Q5
+ ARgym

“»  Fygea
=+ Hadey qed

74



FRPLZ A A14E A2E (19974 24)

TG A 2&re] WEEAY) FHA S ¥WEY] O
81 32 AX 632 A2E = AR Aol ¥
FEA7 FYAEAY vEY B2 JRIAA F¥4A
DA AR 4 HEe et &g ofate] e
. ol d7ldA A% £5-F fdste vl Ag
2 (gear rattle)d] 9%le] Hoj $aHE A3 7€ 2
Qo] He}, F3] ©f 719 AehgE AFA FEVE7)S
FE AN HE77 el F1oi4e] @4 (backlash)l
T 7)o1E] 2Eo| 93] WAEY FIAAA BEEHE
(accessory load)™ &, <ojf. 3lH 5& ZA&d 42
A A% F712 Qdte] gErleld JA WEol
F7H o] 71o] Nebgel 28E F= Ao izt

mElA] £ ATE FAA ¥E7) 7015 def4i
gk 7]1o] Xekge] Ao] He AANE S BAE ¢
oli7] fate], ¥&7] % &y A5 F3AA
W&7] 710182 W4 d o1& 7)o Xehg T4 o7k
E2 T Ao o9 EHRAS T HHdn, F
A azs] HEY 99 EAd @8 A7F BYEY
o ®g, 7tz o SepvlE gd e 19 #94
EdE A, HAE 2 I(test rig) 8L F93Hd 7]
o] Aetgel FEE VA= deluleFe] RAS 1 BT
& detslel A9 AA AAAEHE 78 5 Qe W
2 AAsE A& EHo2 #r

ZH9 A7EFE ANER o3} Y.

Seaman, Johnson™& 7]¢] Ae-2e] Ul £F7]
o8] B EAS =g B39 AAE E8l9 7)o A
Ebo] 2A3AE SHeact.

T.Fujimoto™= 71o] A&t EHFx9 54
Zspn vjAdg WEF FH A 43 AehE A7 7]
ol #ate] ATt

T. Sakai?& 4% FHAHA ZAstE 7101 Xehgd
3‘_1.55} FHAEAY SARE BdHEE F9 olET 49

+ By 243tn, 94 A ¥E, FeHA WEESA,
71o18] dels] (backlash), ¥&719 =gz Ed(drag
torque)®] Gl et mAF o AEE ARE
A% 7Me A& A FHAD.

M. Kataoka, S. Ohno®& HEQZF 71213 7]

Xehgol] B 72 A8 F3 2AE(Hook's joint)
E o|&dl A¥n|E FAsk, Vo WA g
71} A 94-& A7

A. Rust, F. K. Brand], G. E. Thien®& 7|9 5‘]‘-’4’
+d PH = g2 E g 2AED, FY4] v]o] AekgE

75

HAAE G test cell 48 Bt AT

G. J. Fudala, T. C. Engle, A, V. Karvelis(14)+=
FHAGAE dAFEA 2 RdRdo FHA| Y ¥
B4 vtet FaeENE $3Y5d 7o) e AR W

=+ A7

H. Petr], D. Heldlngsfeld(15)& 7M1 ¢ w2 2

FEHe TR 2 d48n, BEHARAS vEElE
Az Y8 22149 Two mass flywheeld] & 97
Ak,

2. O|2% Hig

2.1 7l0je] =4

SHADA ) 287 AFe AAIA ) B FFd
o 294 EA W22 Q5] $5E 9A FE R
LR ICERR SR LR DRSS E
4 e 28T A AY 1HATSE FIH
dAFE uAE A AEEA oY FHAEA

A BAEE v EYAEY 1 FEHA @A4belth
]Eﬁ} o] A%y Agd B8 A= BIHAA
o &2 A77 ¥ ded, o AEA A 7
5 i%e }0:1 22708 ZH AT HEo
. ol °\ﬂ7§_-4 2547 FeA 9 A3 9455,
H&7) A Es 7 0115] 710} W4 & 7]of o]
we] 2EE4d B8 ola| g 2 w7 Ze] B
02 4L AAFE Ay ook ah:} ._a} Was]e] 2
B} &28 Zo|7] Y3 FalA orEMEy B
%9 ¥ 27F Folt el L-’# FERCDE
£ ME YRS Zole Wl ole FYA 9 HEY
74, 8 28 A 29 7|15 Ato]d] z_]-_g.z,].}; T E

ag zAYeRA BT 4 Ak
Ao} 3] At BAe 25700 B =
27 21 gANG 2 Wi AgE, odT el
1@4 552 7l Arg Bo] AALT o) 4
D)ol AR, o2 Aste] W7lo] 223 AT
ma}oq FA% ARE 2490 9ok,

-1;"# <1 )
710lo] Bojx HAsle BE 249

BHE(Kg - m?)
71od] #4438t a2 EA(N-m)



R -A9A - 3E - A4E

6 : £%7]019] 2712 % (rad/sec?) g g M2 Bt g 2 o] AP
$ A& Seaman®] A7 =€ FEs AL 4o w;(f) = w,,,, +Aw 3)
™, o1& © SRAA ol Zo) & AAE 4 Ut
Fig.1& & %9 7|02 2dyE SXARIE HejFn, 4714, @,(1) : 71919 AHL=
o5 22 Mg B8l 7o e A4S 4 D pyenys 71018 BEH AEE (rad/sec)
& 4 9ot A® : Fourier series®4 o2& 43 7124
1) 71017} o1 A o]}, e
) AF-Zele] FUg £T8 Feld F5(fourier Y8 75709 SALTE UhgF Zo] FojATh
serles)i vehd o gt} _
6,(t) = @ gy, + Asin(,1) (4)

. B,
6, = =2 + A sin(wr) + A, sin(2t) + - + A, sin(newr

g A dashl2en o) M, A . A% 27 (rad/seo)
+ B, cos(awrt) + B, cos(2wt) + -+ + B, cos(nwt) (2) 6,(5) 1 FE71919] AASE (rad/sec)

w, . AF Z Za(rad/sec)

A7|N, By,Ay,B, . A,,B, : Z8AF EF,
L A7 (sec)
8, VA-Zo] HY £7HE% (rad/sec) w, "_'wmean(_Nz:-C—) &)
o #34(rad/sec)
Zalo] 39 &£x0 BE A7} W) 9@ T]o)d] A 4714, N.C : 4¥H ¢
e = AP EA o]}, g A9 Bdshes 7]0]8 £, 7]oH|d g3 TF
3) W&r)o] HAAEL Widr] ogo] Ao F <l o9 A £x7} 7571019 B e B glo
= s =R E‘l%t}. 22 g 22 Ao] Ay}
4) 71019] 3E& 470 A7l ol e A & N
’\3'5‘}'3'_ £714) ‘3}‘ sRo e S gert 6, = —N—lﬁl (6)
&7] 828 Aot} g

A7), N, N, : 71018 9l
aaz 4 6)d 4 A& ddsa F5799 2
&X 0, ol#j9} o] gt}

2(t) = 1 [wmean + ASi]l(Cl)et)] (7)

Z2g7)olg Zrlee 6,k H7A 59 1% noz
g Ak

b, = 22122,
6 L () = ——a;gAcos(az t)

=7V"’~;(wm, ooy ®

= Bcos(w,t)

Fig.1l Simple dynamic model for rattle phenomenon

76



FEAAZEE A A4E A2E (19974 2€)

o714, B : FEHQ A7HE55e 271 (rad/sec?)
Fig. 243 %7019 AH EAEE R v,

Fig.2 Freebody diagram of driven gear

J2é2 = Tdrive - Tdrag (9)

A7, T FF71919 B (Kg-m?)
Tyie: 78710919 ES(N-m)
Ty B0 EZ

FE7)0le] EZ T, o thel AR,

Tdrive = JZéZ + Tdrag (10)

4 (10)9 4 (8)=
At

CQ?TS}-OEJ,H 4—’—‘1 (éa—l

Tirive = JZBcos (w.1) + Tdrag (11)

Fig.32 4 (11)el4 A3t} 3% 239 #AE 1d
Ao}, Fig.39 (a)elX #HEZS 27} =31 E
A4} A G FE7) 0] EFE Folr}, o= QI3
o FE7|olet FE7)019] oio] FEFL A& fAISH
220 DA A e} 2, (AR 1.6, > Ty,
A Afole 719 olwe] M2 N1, $EZ A E
.

(a) Drgtomue -
g lf\//\\L ;\\ ,/\ /'\J\ /\
A AVAYRVIRVIRY \/
S i ".J":' AL, ;
Time (3e)
“Invnon AN A A
s AN ANANANANANAN?
£ ﬁ-'."-\\ I’:-"\\"‘ﬁﬁ\\ :7‘\ I—% f \le -
%o '-\\;1'_‘-_\_:' ',\!Y-' :{TI* ."I hl :_‘Vl': \
SRR EARYIRY
] [;ag\quua _ﬂmw

Time (sec)

Fig.3 (a) Driving torque versus time
(b) Driving torque at rattle condition

2.2 EHxe| dEYEY

g3 t)a3d AFEe AXPYL WS FHY 2
Zgold] 719218 ~ZE9] 3B (spline hub)¢ 43
EAs] AEE Wz #Hol (facing) o] 92" ZHE
Ateloll A8 o] Ayt AFgelQ] Hue FRHXFE
o FEw = npdobA (friction washer) 9 WFEAZ Y|
A ARHE AnkE A8 EA 27} °Jl%‘l 39 Ads
A3 AeA BHAGA ) £&3 AFE o] 4
g U5 AHEAE 7Y ol g 5.— & A9 1
4 o A

HEY d95HE 2 28R F/E A YR
=Z WA 8 (pre-damper type)# # A2 ¥ (main-
damper type) 22 vyolAch, TR ey
T2 Es EEE A, HAEH Y LY
Fhgle] o pighe FpAT). oo REA FEHA
A ZEEHE L YFlold AeHe HERANEE &
Aoz ALY 4 glou, vddnye A3 HEF
TS A g3 ddded gFrioq] F0E &
¥ $= Yot old FHA L A= AFY Y RE
= AR R el THAYEA ] WEYNEE EHH o
z ALY 4 9ot Figde 291 E44808 78



L o L

R EELEER CEELIEVEEIECES:
240)m P-7oo] TP 7ol M-7ele] v
% Pbolet,

curean
(a) == nan i .z
.o, ian T
st ViR o
[
e
A
[uERE
'
-
. L]
FA
i
How
et ten
antom ERU . i,
(b) e A L
-, ] ]
gt Arersion i b e n
i
gl o e vl
P
" i
e s Bl
W ot A
"
u
y £
M
=
£ !
il
" [
=
Ll
¥ ] w

Fig. 4 Torsional Characteristic curve
(a) Pre-damper type clutch
(b) Main-damper type clatch
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Table. 1 Characteristics value of clutch hub damper

Kind .
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Demper medel K(Nm/deg)] HONm) |RiNm/deg)] HNm)
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Lo-Model | o orage | 0280 | 058
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1st Stage
L3-Model |y i armper(-)
er 673 9408
1st Stage
j ist Stage | 0441 | 0715
LiModel | 5 Sige | 078 | om5
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