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ABSTRACT

Information on mass moment of inertia is crucial for constructing a dynamic model for complex
systems. Methods that accurately provide this information using low-cost and simple procedures can
accelerate the process of building a dynamic model. To address these issues, this study introduces a
novel device that utilizes a spiral spring to measure the mass moment of inertia. The device consists
of a base structure, a vertical column axis with a thrust bearing, a test bed, and a spiral spring. With
a given initial angular displacement, the test object on the bed undergoes free rotational vibration.
Measuring the period of this vibration provides an estimated value for the mass moment of inertia of
the test object. A validation process for the accuracy of the measurement device using objects with
known mass properties demonstrated that the device can estimate the mass property with less than one
percent error within a designed mass range. Subsequently, the newly developed measurement device was
employed to measure the mass moment of inertia of a power motor in an electric car. Accuracy was

further assessed by comparing the results with reference values obtained from different experiments.
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Fig. 1 Pendulum systems for the measurement of moment
of inertia
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xmge) B4 BAAFE BT Fig. 59 Table 334 el 4 LHl= S84l
S o R 2717 300 350, 40°, 45e, S0, BEHEE WFEY] 913 mefol Agan A 1y
"% 84§ 574 30° vwelA vhae Q) 5 SRS O A S Sl S o] 5
Ago] WEa 1T, 550 27pA] AXYT} Z 7N o} o] & g2 o] 9o} o] A% S4S FI B
# sho] AT £ qlol Z4L AW 2k
F7] 54 2nEE U JheE o]&ste] 29 Table 1 Measured periods of unloaded case
A% 274 AN P BYete] 2T S5
a&giga[lo] 30 | 35 | 40 | 45 | 50 | 55
T [s] 3.65 | 3.65 | 3.65| 3.65 | 3.66 | 3.66
~ Standard dev | 0.011 | 0.016 {0.010| 0.010 | 0.010 | 0.013
J (formula) 116
bedioi ~—_ A. Object Bed Plate (10" kg mm?)
E. Base Plate ; G Spiral Speng
— Table 2 Specification of the measurement equipment
== \_F. Fixed Part Component bgibjsfa}te Shaft Il?lzstz
| Mass [g] 4337 344 4337
(a) Structure of the Material Aluminum Aluminum | Aluminum
spring-type measurement equipment Length [mm] 400 > 400 - 400 > 400
Thickness [mm] 10 700 10
Radius [mm] 283 50 -
T Fixed Spi.ral Thn.lst
part spring bearing
Mass [g] 25 117 78
Material SUS303 Spring steel SuJ2
Length [mm] - 1540 -
Thickness [mm] 55 10 12
Radius [mm] 90.4 25, 17.5
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(b) Fabricated measurement system
Fig. 3 Spiral spring-type measurement system
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Fig. 4 Variation of measured periods with initial angles

(a) A barbell

(b) Barbells on the measurement Equipment

Fig. 5 Measurement of moment of inertia for the barbells
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Table 3 Property of the barbell
Property Barbell
Mass [kg] 9.77
Material Mortar
D [mm] 30
D, [mm] 340
Thickness [mm] 55
J (formula)
14.
(104kg~mm2) 3
Table 4 Measured results for the barbell
No. of barbells 1 2 3 4
T [s] 5.40 6.73 7.80 8.75
Standard deviation| 0.056 0.033 0.054 0.046

Jot(formula)

(10*kg- mm?) 14.30 28.60 42.90 57.20

Jneas (Measured)

(10'%kg: mm?) 13.78 27.81 41.35 55.13

Relative error

(%] 3.64 2.76 3.61 3.62
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(b) Motor housing

Fig. 6 Power motor for electric vehicle
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(b) For motor housing
Fig. 7 Measurement setup for power motor components

with spiral spring-type system

Table 5 Measured results of power motor components
by spiral spring-type system

Comp. Rotor Motor housing
Direct. X y 4 X y z
T [s] 4.083 [ 4.702 | 4.702 | 8.866 | 9.599 | 9.268
Standard dev. | 0.008 | 0.007 | 0.007 | 0.010 | 0.010 | 0.011
it 292 | 7.65 | 7.65 | 56.84 | 68.63 | 63.19
(104kg. mmz) . . B . B .
Relative 234 1079 | 079 | 42 | 9.98 |11.15
error [%]
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(b) For motor housing

Fig. 8 Measured results plot for power motor components
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(b) For motor housing

Fig. 9 Measurement setup for power motor components
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with cable-type system

Trans. Korean Soc. Noise Vib. Eng., 35(2) : 197~203, 2025

Table 6 Mass properties of power motor by cable-type
measurement system

Component Rotor Motor housing
Mass [kg] 16.2 49.1
A 2.99 59.33
Moment of
inertia(ref.) J, 7.59 76.24

(104kg‘mm2)

J 7.59 71.12
Aee s|dFe] A7 EASte] F A 7k A4
o] Aozt AA Fgkon), YEI} Z5ol vigk e
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