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A Study on the Parameters for Reduction of Transmission Vibration
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ABSTRACT W&7] 7)o Atole] wies wifeol dN BE=
MEoly F5Ae nEdzsd g LA4se
The rattle noise is the most significant in HE7] Wi AF7]o) otz ZE 4oz
many kinds of manual gearbox noises, which A AEHG 2SS o7INUY
is generated at the idle stage of the engine 7ol HE HAETS ARAF7 Hslo 2¢d
operation. The main torsional vibration source ze|dy X vEgHEALY HAHsE %‘5}
of the driveline is the fluctuation of the A7 Fyol wol FAEY 28T 2
engine torque. The gear rattle is impacts Zzdy dAd 4L vXE =g EA
generating in the backlash of the free gear e A8 A7Ye Fg5Ag. a8y 7)o
due to this torsional vibration. HES Y F Ue A" FdetvgEo) g
Many researchers reported the clutch AT ok v g AEolrt,
torsional characteristic optimization method to B dAFdMe FAA 7o HE A
reduce the idle gear rattle but only few of Y F e AR Zgo)d, Felx FHE, ¢
them give sufficient consideration to the g 7], 7h&H 7o, 8 7]ojy WA A 5
system parameters like gear backlash, drag AFE 298 ALstn, 7o gE AEd o
torque, system inertia, inertia distribution, g niAe A" gdeulyg, & g4, =g
engine torque fluctuation, idle engine rotation 2 EA, 34, 943 EI MEH, A 3 ASF,
speed, and accessory load. Bx3Fo ozt HFH AEHolAS F3s8tn
This paper pays attention to the gear o] F&nHEY 7o} YEo I FIEF
impact mechanism and system design 7t 7lo) HE AFEE £Y F de Alxd
parameters to reduce the idle gear rattle with getrl g s AA 7 i 7S 938
computer simulation. & e}
LA = 2.9 4 &% HAY
71 HELS FF WE7dA S A 2.1 248
T F9 Fuyoltt 53] st&EA AR HE o Fig. 12 & AFdAM A" F3AA F
FEF ¥HFe] & dd dWE g zol A WEY ONEESE Ko F1 ook 9E )
e 719 g BE 3y AA HF Fad ol FtEE 7ol LA R =Ho Jom FIA
BAe stz gEAct AEE 7 EL ARV EN FHsn U
FIHAA 7)o} HES FH =2 L FF F RE ®HEvloje AazvelArt HZd
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Fig. 3 Influence of backlash
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Fig. 6 Influence of flywheel inertia

(angular acceleration of input gear [rad/sec’])
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Table 1 First engine natural frequency
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inertia natural engi.ne §th order
freq. excitation freq.
50% (1) 256.1 Hz
25% (1) 246.0 Hz
100% 2405 Hz
25% (1) | 2371 Hz 100~230 Hz
50% (1) 234.8 Hz
100% (1) 2319 Hz
H&7] 7jolge] B4 EA JE vEE
a8t HAS7 Wi 21 XAFE WHINE
RN THEd. B A7 g xH9 Fig. 19
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Table 2 Inertia torque according to the

synchronizer position

angular Jnew | Inertia | incre-
acceleration | Jorg | torque | ase

original 9300.3 1.000 | 9300.3 | 0.0%

3rd gear 111314 0.928 110329.9| 11.1%
4th gear 11516.5 0.867 | 99848 | 7.4%
6th gear 16060.3 0.647 110391.0| 11.7%
3, 4th gear 13542.2 0.796 {10779.6| 15.9%
4, 6th gear 21387.0 0.515{11014.3| 18.4%

3, 6th gear 18902.1 0.576 110887.6] 17.1%
3, 4, 6th gear| 26627.0 0.443 |11795.8] 26.8%
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Fig. 8 Influence of engine rpm

(angular acceleration of input gear [rad/sec])

Min = -65088. Max = 650008,

2.260 Time (8] 2.408

(a) 120% of original engine torque fluctuation

Min = -65000. Max =  658006.
2.208 Time [s1 2.408




(b) 110% of original engine torque fluctuation

[Hin = -65008. Max = 65080

E,sﬂa Tino (51 ENTLD

(c) 100% of original engine torque fluctuation

Min = -~65000. Max = 65008 .
R \
Z.z6a Tiwe (=) 7.4068

(d) 80% of original engine torque fluctuation

Min =  -65008. Max = 65808 }

‘ . I Labbios o PRV IR lialy
MR A Ty FrrmTraeT L L I I 10 |

22068 Tima (31 2.4913}

(e) 60% of original engine torque fluctuation
Fig. 9 Influence of engine torque fluctuation

(angualr acceleration of input gear [rad/sec’])

Ae FFgS AFE AEdEE ol &3 &9
Bk AlEYold AH%E adksto v 7
S A8S FEIUAT

o7lo] WAL 258 7o AE WNFo|
satgon Ag M9 uel WA E A4
o} shetgkol EAea @tk

ecy E37 48 o HE AT WE Y

Y 57 FhsAc E=@ =

o dHl FAE M ZHolHe BHE F
A Ak AT FTeeldHe HAo] FHowd 7]
of & xEol A Frradenz 7o
E A% #ag YdelMe #EE o= AP
ol do g fAsfel gt EF RE AR

sloyst & 7)ofe

v‘t;!_
HE VE Agoes +
o

A AATIE Rl 71
T &L}

enz3F e 4HUL WrTE FEHA ¥R
g ool a7 Ea WEFo] aAx A 22 W
garo] ow 4252 Jo] HE Ao i
shdth vl BEE AME BAAA FAF
g 9Fd EX9 7l AE WES BAA7]
dsiMs FHHA HUFE o= dg 27| o
Aog Z7AA drt

AR B ATE OBHE mER
H] (ME96-D-21)el o3t} A7 AU &

A a8

[11 Andrew Szadkowski, “Mathematical Model
and Computer Simulation of Idle Gear Rattle”,
SAE Paper 910641

[2] Toshimitsu Sakai, Yohji Doi, Ken-ichi
Yamamoto, “Theoretical and Experimental
Analysis of Rattling Noise of Automotive
Gearbox”, SAE 810773

[3] E. Lanzarini, “The Evolution of the Clutch
Plate Damper
FISITA, 905185
[4]  Yasushi  Chikatani, Akio
"Reduction of Idling Rattle Noise in Trucks”.
SAE 911044

[5] Robert L.Seaman, Charles E. Johnson, Ray
F. Hamilton, "Component Inertial Effects on
Transmission Design”, SAE 841686

[6] 5%, Aelz, k8wl “A Study on the
Idle Gear Rattle in Truck” thgt~]7#st3] 1996
e FASsRE =83

(7] ¢t 9, Fd=, d¥E, 5, FAHY, A
Study on the Design Technique to Reduce
the Rattle Vibration”, =42 & 83 19979 %
At sd s =83

[8] M. Gizard, G. Villata, G. Labarre,
"Slipping Clutch and Transmission Vibration
Reduction”, FISITA, 905187

Design and Technology”,

Suehiro,

- 297 -



