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Determination of Equivalent Moment of Inertia of Flywheel for Inertial
Endurance Test of Excavator Slewing System
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This study determined the equivalent moment of inertia of the upper rotating body of an excavator, for the inertial
endurance test of an excavator slewing system. The input speed and torque of the slewing reducer were measured by an
excavator slewing test, and the equivalent moment of inertia of the upper rotating body of the excavator was calculated
using iterative calculation. We developed a dynamic simulation model of the excavator slewing system, and validated the
model by comparing it with the slewing test results. Using the validated model, we further developed a simulation model for
the inertial endurance test, that considers the moment of inertia of the upper rotating body of an excavator. We concluded
that the new dynamic model for the inertial endurance test of an excavator slewing system well exemplified the actual
slewing test results.
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1. N2
NOMENCLATURE
J. = Moment of inertia of carrier (kg:m?) A= 24 AR, ] 9 YA 2 5F sk tHEE
Jeewr = Moment of inertia of gear (kgm’) o1 A1) Z1ARA oI, SRR, g R et
= Moment of inerta of plant gear (kg m) ARSAIE dslue, A 9 dsels 5ol Asl

Jyinion = Moment of inertia of pinion (kg'm?) _ o _
S1Ke) 2d B =35 v ] © 2] o
J, = Moment of inertia of sun gear (kg-m?) o= 7= ° Bl 229 glef depleld e <

AN
Jior = Equivalent moment of inertia (kg-mz) ALtk A3|RE o F92 A3 r] 9 A3Hojg ] 7)o
m, = Mass of planet gear (kg) B2 A=y, A3g7)s shEaAler nwlo] Fshe A
N, = Number of planet gears BI|AHS 5[ 710

r. = Radius of carrier (m) (r.=r;+r,) _ . N

r, = Radius of planet gear (m) ’ A3E71E AReIA 9
ry = Radius of sun gear (m) el

u = Gear ratio (u > 1) B3P} AL5= A3z 7] 9
u,,, = Gear ratio between sun gear and planet gears = 2 3]

A1) A4

ol A4 Ect. wetA, He
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Fig. 1 Assembly drawing of the slewing reducer

Table 1 Specification of slewing reducer

Gear tooth .
- Gear ratio
Sun Planet Ring
Stage 1 17 20 58 4412
Stage 2 17 20 58 4412
Pinion & Ring 13 - 86 6.615
Total gear ratio 128.76
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Fig. 2 Power flow of the slewing reducer gearbox
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Fig. 3 Simulation model of PID controller
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Fig. 5 Configuration of test rig components
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Table 2 Specification of the test equipment

Equipment Company/Model Spec.
Motor HYOSUNG/ Rated: 22 kW,
HS183UR207HPHSD 1,775 rpm
DATATEL TELEMETRY/
Telemetry DT1001T-ST Max: 30 kgf-m
Encoder Kubler/8.A020.3A11.3600 Max: 3,000 rpm

Fig. 6 A view of length of working device of excavator
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Fig. 10 Variation of torque measured when acceleration time was 4-
5 sec
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Fig. 11 Configuration of slewing system
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Table 3 Comparison of peak torque between test and simulation

#1 #6
Test Simulation Test Simulation
Torque [Nm] 34.19 33.91 -36.45 -37.08
Error rate [%] 0.82 1.73
Deviation [Nm] 0.28 0.63

-- Test Torque
— Excavator Model Torque

Fig. 14 Comparison of torque profile between test and simulation
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Table 4 Comparison of peak torque between test and lab test

simulation
#1 #6
Test sil;rillljletlfis(:n Test sil;lilltl)l:lfiscfn
Torque [Nm] 34.19 33.91 -36.45 -37.26
Error rate [%] 0.91 2.22
Deviation [Nm] 0.31 0.81
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Fig. 16 Comparison of torque profile between test and lab test simulation
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