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Abstract : The turbocharger is an essential component to realize the engine down-sizing. The moment of inertia of
turbocharger rotor is an important parameter with respect to acceleration performance of the vehicle. It can be
calculated from the CAD software based the geometry data and the material properties. But the accurate value of the
inertia of turbocharger rotor must be measured through the experimental method. In this study, the measurement of
moment of inertia of turbocharger rotor for 2.0 L spark-ignition engine was carried out. First, an experimental
equipment using a trifilar method was designed and fabricated. Some optical devices, that is, photo sensor, counter,
convex lens, etc, were used to increase the accuracy of the measurement. Second, error sensitivity for the equipment
was analyzed. The error of period time and the radius can give big affects to the accuracy of the moment of inertia.
When the amount of error of these two were each 1.0 %, maximum error of the moment of inertia was under 3.0 %.
Third, the calibration for the equipment was performed using a calibration rotor which has similar shape to turbine rotor
but simple. Calculated value from CAD software and measured one for the calibration rotor were compared. The total
error of the equipment and the measurement is about 1.3 %. This result shows that the equipment can give the good
result with resonable accuracy. Finally the moment of inertia of the turbine rotor and compressor wheel were measured.
The coefficient of variations, the ratio of standard deviation to mean value, were reasonably small at 0.57 % and 0.73 %
respectively. Therefore this equipment is suitable for the measurement of the moment of inertia of the turbine rotor and
compressor wheel.
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Nomenclature .ME
Calib.R  : calibration rotor 7184 2.4 3 Anlol] i gk 1A 7} A3k ol wh
T/W : turbine wheel o} As 2k ol A QLR o] thAbe] A o] gt
C/W : compressor wheel 3] A= AL STk QIzle] thAbel & Bl Kb
Dia. : diameter 71e} AjtE o] 3l w7 7hs wiE S =ola, 4l
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Fig. 1 (a) Top view (b) Side view
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Table 1 Moment of inertia and mass of the components of
the experimental equipment

Part Moment of Zinertia Mass

(kg-m?) (kg)
Turn disc (60 x 2 mm) 6.802E-06 0.0150
Piano wire (all 3) 3.655E-07 0.0004
Left nut 5.555E-08 0.0028
Spacer 1.434E-08 0.0016
Nut for calibration rotor 3.501E-08 0.0021
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[CalibR]

Fig. 4 Schematic of calibration rotor

Table 2 Specifications of calibration rotor
Shaft length Shaft dia. Rotor thickness | Rotor dia.
(m) (m) (m) (m)
0.120 0.0074 0.0049 0.052

Table 3 Comparison of cad data and measured value for
mass and moment of inertia for a calibration rotor

CAD Measured E(z/ro(;r

Mass
0.11496 0.11200 26

(kg)
MomentofInertia | ¢ 105 | 2783x10% | 2.9

(kg-m”)
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Fig. 5 (a) Schematic of turbine rotor (b) Schematic of com-
pressor wheel

Table 4 Measured moment of inertia of turbocharger rotors

Moment of Standard Coefficient of
inertia deviation variation
(kg-m’) (kg-m’) (%)
Turbine 1) ¢4 10 | 1,058 x 10" 0.57
rotor
Compressor | ¢ 206 10% | 6.438 x 10 0.73
wheel
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