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A Study on Improvement of Torsional Vibration Characteristics of
a Driveline Using a Module-Type Vibration Analysis System

Ki-Sei Kim*, Won-Gul Hwang**

ABSTRACT

In the previous study, a module-type vibration analysis system using modular approach is developed for the purpose
of analyzing the torsional vibration of vehicle driveline. In the present paper. the system is utilized to investigate the
torsional vibration of the driveline of a middle duty truck. The driveline with driving condition is modeled and the
torsional vibration response is simulated. The resonance 45Hz is found at engine speed 900rpm and the resultant
vibration is very high. It shows favorable agreements with reference data. The effects of parameter change on torsional
vibration are also investigated, so it is clarified that clutch characteristics. axle shaft stiffness are very influential on
reduction of vibration. So the countermeasure is proposed for the clutch charateristics. The reduction of torsonal

vibration by 8rad/sec is obtained.
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Fig. 2 Lumped parameter model for driveline torsional

vibration
Table 1  Definition of driveline torsional vibration
model
Front part of front
FW  [Flywheel PSI1 propeller shaft
Rear part of front
H  [Clutch hub PS12 propeller shaft
Inputshaft of Front part of rear
DP transmission P21 propeller shaft
Countershaft of S Rear part of rear
€T liransmission PS22 propeller shaft
Front part of Front part of drive
MSI outputshaft of PGl .
L pinion of rear axie
transmission
Rear part of Rear £ dri
part of drive
MS2 outputshaft of PG2 .
. pinion of rear axle
transmission
Ring gear of rear Rear axle, wheel,
RG axle RW brake
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Table 2 Parameters for measures to reduce torsional

vibration
Parameters (clutch) Initial modified | Change
= Stiffness 39340 | 39340 | None
[N-m/rad]
stage .
Hysteresis | 39 54 39.24 None
[N-m]
2 Stiffness 10960.0 | 54800 | -50%
SBge | Hysteresis | 3924 [ 9025 | +130%
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Fig. 19 Clutch torque with modified clutch
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f3n = kpp[Byy —Bpp]+ cppl[6y —Opp]
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f4n = ~Ipsi1 - Ams(Oms2.Oms2)
+kms[npp -ner -Opp — Ous2 ]
+cumslnpp - net Opp — O]
~Kps1[Pms(Oms2) ~ Opsi2]
— cpsi[ Vs (Bms2) - Bms2 — Opsi2 ]
f4a =1Ims2 +Ipsit - Vims(Oms2)
fsn = ~Ipga1 - Apsi(Bpsi2.Ops;2)
+kpgi[Pms(Bms2) - Opsi2]
+ cpsi[Vms(Oms2) - Oms2 — Opsi2 ]
~kpga[Ppsi{Bpsi3) — Opsy2]
— cps2[Vpsi(Opsi2) - Opsi2 — Ops2o]
fsa =1Ipsi2 +Ipsai - Vpsi(Opsi2)
fon = —Ipg1 - Aps2(Bps2.0ps2)
+kpsa[Ppsi (Opsi2) —Ops22]
+cpsalVpsi(Bpsi2) - Opsia —Bpsaa ]
~KpG [Pps2(8ps22) —OpG2 |
~cpg[Vps2(Bps22) - Ops22 —Opg2]
foa =Ips22 +1pg1 - Vps2(Opsa2)
f7n = kpG[Pps2(Ops22) - Bpg2 ]
+¢pg [ Vps2(Bpsa)- Opsaz ~ Bpg2]
+npG - Kas[-NpG -Opg2 —Orw]
+1pG - Casl-NpG -Opg2 ~ Opw ]
f74 = lpg +npg” -Irg
fgn = kas[-npG -Opc2 —Orw]

+casl—npg Opgy —~Orwl—c7 - Orw

fga = Irw

where

8¢t =-npp-Opp
Omsi =-ner B¢t

BrG = —npG *OpG2
PMS(9M52 ) = tan‘] (COS(SMS . tal‘leMsz )
€0S0 pg

Vs (Oms2) =
1- Sil'l2 SMS . sinz eMsz

Ams(Oms2.Ovis2) =
_ cosdyg -sin 5Ms sunZOMsz By

l—sm 8MS sin quz

Pps1(Bps)2) = tan™' (cosBps; - tan6pg)2 )
COSSPSI

Vpsi(Ops12) =
1- Si]’l2 8ps| 'Sil’)2 epS]Z
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Apsi(Opsi2.0psi2) =
_ cosdpg -sin 8p51 Sln26p5|2
Opsi2”

l—sm SPS] sin GPS]Z

Pps2(Bps22) = tan ™ (cosBps; - tanBps;; )

c0sd PS2

Vps2(Ops22) =
1- Siﬂ2 SPSZ . sin2 GPS22

Aps2(Bps22.Ops) =

_ cosdpg; -sin 5Psz sm29p522
Ops’
l—sm 5])52 sin epszz



