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Abstract : Irregular torque components are generated during the combustion process of the intemal combustion engine in
the vehicle, thus causing torsional vibration. The single mass flywheel (SMF) system demonstrated limited filtering
performance because of the drivetrain's resonance frequency within the vehicle's operating range. Therefore, a dual mass
flywheel (DMF) with double inertia was necessary to improve filtering performance. Subsequently, as engine torque
increased, and various drive trains were applied, there was a limit to achieving the required level of reduced vibration despite
continuous DMF optimization. To overcome these challenges, centrifugal pendulum absorbers (CPA) were used to filter
engine fluctuation torque over the entire driving frequency range. CPA, which were studied for decades, were initially used
in high-torque engines. Recently, they have been widely accepted in low-torque engine applications. Replacing the existing
four-mass centrifugal pendulum absorber with a two-mass CPA can lead to significant competitiveness and economic benefits.
In this study, we aimed to improve the vibration level by proposing an approach that could optimize the tuning order for the
path design in vehicles equipped with CPA DMF and two pendulum masses. The designed CPA was validated through actual
driving vehicle evaluations.
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Table 1 Vehicle operating conditions

Items Specification
Engine 2.0GDI
Max. torque 280 Nm
Max. power 120 Kw
Transmission 7 speeds
Driving system FWD
Weight 2000 kef

o

Fig. 1 Vehicle instrumentation
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Fig. 2 CPA of 4 mass and 2 mass
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Fig. 3 Measurement results of 2mass CPA
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Fig. 5 Structure and component of CPA
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Fig. 6 Physical model under drive conditions
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J50s — C4(04 — 05) — K4(64— 85) = 0 (13)

Table 2 Components for 5 degrees of freedom

Inertia Component Stiffness Component
J1 Primary Kl Damper
n Secondary K2 Gearbox
33 Gearbox K3 Driveshaft
J4 Driveshaft K4 Tire
J5 Vehicle
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Fig. 7 Simulation and experiment comparison
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Fig. 8 Sensitivity analysis of for CPA performance improvement
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Fig. 9 Analysis of modified tuning order
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Table 3 Design variables used in optimization

i Design space
ID Description =
Stepsize | Lower | Upper
DV1 Tuning order 0.01 25 1.5
2.7 DOE &3}
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Fig. 10 Driveline response from DOE results

246 ERASAZHUE =R A34H A2E, 2026

Z 5 1,600 pm- Y o, 1% ESVF H O ESe] =
g3t whet vk 75 8 R ou M 7Aaste A
£ gelstd.

Fig. 11> CPAS] {4 2.1l W& A& = CPAS)
2 A9 S RYFe TR g Zolt. (a)ollA]
g5 %ol 7] pmolA & CPA v]2=€] 2+5 ¥ 97t 2
W LpmOZ 7MHA YA JFg o2 AT ML E
o] 57| w&ell (b)l A ER1EH %] Z27pmll A T3

F e FY 2 ¥ A Ao IS EE UE
sk fd L8 gtolgtx 7] rppmoll A CPA ¥ 97} W5
A X3k F, 5 267t A A5 ¥ G4 I
At A F A2 Y 7SR} ¥ BT uEEY)
o & F k. WA Fd 29 & 7MY 25 WY
7t 2 4G M= T L6 E A2 269 HoiA] A )

3 2 97 F2 dgelAe AR egel 235
AAGo 2 7t ol "o B 54 & gl

Fig. 125 ¥47] 9] 8% & 27t X(a)9) CPAS] 7
T HALE BEF ¢Sl 9 o6 AEE Yepdd.
T QU E WHa) o] AASH A GG A Z47}

5

Tuning order
5

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Engine rpm

(a) CPA displacement

Tuning order
[
[=]

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Engine rpm

(b) Feasible domain

Fig. 11 Pendulum displacement from DOE results
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