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A Study on the Optimization of the Torsmnal Vibration
Using DFFSS Method for DI Diesel Engine
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<Abstract>

Due to a low stiffness of cranktrain and

a failure experience from a history within

short development time, a viscous torsional vibration damper was applied in order to
reduce the torsional vibration and keep the high reliability for the durability of
cranktrain system in the direct injection diesel engine. As an improvement of the
crankshaft stiffness by increasing the diameter of main and pin journal, a rubber type
damper could be considered. In this study, the control factors of rubber damper, the
moment of inertia ring, stiffness of damper and damping coefficient of ring, were
investigated by DFSS method through the analysis work and the measurement in the

real engine condition.

Keywords : Crankirain system, Torsional vibration, Rubber damper, Viscous damper,
Inertia ring, Moment of Inertia, Stiffness of damper, Damping coefficient of ring
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Table 1. Specifications of the investigated engine

Items DI Diesel Engine

Engine Configuration In-Line 5

wo oot XU o > 2 & o

ox Ooff mx o m¥ M

Injection System Common Rail

Bore / Stroke 869%ﬂr£m /
Displacement 2696 ¢
Peak Firing Pressure 145bar
Firing Order 1 2 4
Rated Power 170PS
Crankshaft Material 38MnS6
Maximum Torque 400Nm @

Crankshaft Main Journal

Diameter @62 (was @58)

Function & Rig Test with
optimized darnper

Crankshaft Pin Journal

Diameter @51 (was 948)

Torsional Vibration Damper Rubber Damper

!

Sirnulation of torsional vib,
& fE of cranktrain System

Tuning test for selecting the
optimized damper

'

Determine damper specification
(Material, Inertia, Rubber type,
E.UBD & No. of paly goove,..)

Selact variants of damper to
optimize the natural fraquency

]

Simulation with damper variants
(Tarsional Wb, Amplitude, Rubber
strain & Digsipated damper

power)

Meet design guide?
(TWA 10,2%), Sirain |
5%, DDP:300%

Fig. 1. Design flow of torsional vibration damper.
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Fig. 2. Equivalent crank-train system.
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Fig. 3. Schematic diagram of crank-train system by
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Table 2. Specifications of controlfactors for simulation

Control Factors Factor Level Unit
1 2 3

p | Oscillation 15909 | 0.86355 | - -
Mass

o | Stiffness of -

2 Crankshaft 100% 105% 110% MNm/rad
Sti 0.0267 | 0.0310 | 0.0355

3 Stiffness of 00 MNm/rad
Damper
Inertia 0.010 0.020

4 | Moment of 0.015 Kg-m
Ring
Damping

5| Coeff. Of 1.2 1.3 1.4 -
Ring
Abs.

6 | Damping of 1.237 1.7318 2474 Nms/rad
Hub

7 Flywheel 0.1860 | 0.2067 | 0.2273 —
Mass Inertia e m

g| Max PEP o | g | an deg.
Timing
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Table4. Comparison for natural frequency of rubber damper

Items Specification Optimization
Natural Frequency 280 Hz 260 Hz
Allowable  Tolerance 190 Hz +90 Hz
Range
A48 Aduct Be P ¥ 9y u
GRES 280 Hz Aol U@ AL 94 2
e 1FdsTFE 722 ZF 260 Hzek 300
Hz Al gk vl siA S X33t} Fig.
64t 2ol Wsel nRAEF Frhew
53 W5 k(GMorder)o] &P oz o] 53}
WA FreE AL % 4 e 72 Ade
B AAVIES wEeta o]l Agel A7t
gle Ao doEn
0,20 —e— 260 Hz
z —m - 280 Hz
B 300 Hz
£ 0151
E 0.104
2 oo /
“
= R
0,00
1 dOO 1 SbO ZObO 25b0 3600 35‘00 4dOD

Engine speed(rpm)

Fig. 6. Simulation results for 260Hz, 280Hz & 300Hz.
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Fig. 7.(a) Simulation & measurment result for 260Hz.
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Fig. 7.(b) Simulation & measurment result for 280Hz.
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Fig. 7.(c) Simulation & measurment result for 300Hz.
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