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Abstract The importance of engine vibration reduction is increasing as the vehicle interior noise
becomes more serious due to higher output and lighten weight trends. Recently, the balance shaft
attachment has been proposed as a representative method for the engine vibration reduction. The
balance shaft is a device that cancels the vibrations generated in the reciprocating motion of the
piston and the conrod by using an arbitrary eccentric mass, and can improve fuel efficiency and
ride comfort at the same time. This paper proposes the unbalance amount and shape of the
balance shaft to induce and offset the inertia force generated by the engine structure. The
proposed two-shaped balance shaft was implemented as an ADAMS multi-body dynamics model,

and the reduction of the inertial force in the actual behavior was confirmed through dynamic
simulation.
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Fig. 1. Unbalanced forces and moments of a single
piston
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Table 1. Parameters of target engine

Parameter Value

Mass of piston, mp 1.01kg
Mass of connecting rod, 1M, 0.36kg
Mass of crank arm, ™M, 0.25kg
Length of crank arm, 7 41mm
Length of connecting rod, [ 144mm
Length from crank arm to mass center of

. 41.7mm
connecting rod, H
Length from origin to mass center of crank 27 8mm
arm, D

Fig. 2. Kinematics of a single piston
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Fig. 3. Kinematics of in-line 4 cylinders engine
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Fig. 4. Inertia force of each in-line 4 cylinder engines
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Fig. 6. Inertia force in each in-line 4 cylinder
engines with balance shaft unit
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Fig. 7. Unbalance mass design of balance shaft

Fig. 8. 1st balance shaft unit model (case1)
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Fig. 9. Pitching moment of 1st balance shaft unit
model (case1)
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Fig. 10. 2nd Balance shaft unit model (case2)
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Fig. 11. Pitching moment of 2nd balance shaft unit
model (case2)
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Fig. 12. Target ADAMS model of in-line 4 cylinder
engines
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Fig. 13. Simulation of ADAMS BSU (case1)
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Fig. 14. Total inertia force and pitching moment of
1st balance shaft unit model (case1)



312 3=88ets=2X H13d M4S

Fig. 132 gt 7H94 WY Al 2

(case])E ¥

24, A gue
webA] Aok
o W% 544 32

Y%e Bt
3}

HH AR
e Zze] BAe
o
=

Hojg e} W+

Fig. 15 Simulation of ADAMS BSU (case2)
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Fig. 16. Total inertia force and pitching moment of
2nd balance shaft unit model (case2)
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