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Measurement of Journal Bearing Friction Loss of Turbocharger in a
Passenger Vehicle
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Abstract The turbochargers, which are used widely in diesel and gasoline engines, are an effective device to reduce
fuel consumption and emissions. On the other hand, turbo-lag is one of the main problems of a turbocharger. Bearing
friction losses is a major cause of turbo lag and is particularly intense in the lower speed range of the engine. Current
turbochargers are mostly equipped with floating bearings: two journal bearings and one thrust bearing. This study
focused on the bearing friction at the lower speed range and the experimental equipment was established with a
drive-motor, load-cell, magnetic coupling, and oil control system. Finally, the friction losses of turbochargerswere
measured considering the influence of the rotating speed from 30,000rpm to 90,000rpm, oil temperature from 50 °C
to 100 °C, and oil supply pressure of 3bar and 4bar. The friction power losses were increased exponentially to 1.6
when the turbocharger speed was increased. Friction torques decreased with increasing oil temperature and increased
with increasing oil pressure. Therefore, the oil temperature and pressure must be maintained at appropriate levels.
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Fig. 1. Structures of turbocharger
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Table 1. Specifications of high speed motor

Max speed Range of Output Bearing svstem
[rpm] Torque [N.m] [W] & 5y
Drive | 170000 | 0.005 ~ 04 | 1,000 | Airdynamic
motor bearing

Fig. 4. Turbocharger bearing friction loss measuring
device
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Table 3. Friction losses of the drive motor

Load cell
[ke]
0.003
0.004
0.004

Speed Power
[rpm]
30,000
40,000
50,000

60,000~90,000

Torque
[N.m]
0.00171
0.00227
0.00227
0.0

5.36
9.53
11.90

13.3% ®|9HO 2 90,000rpm7}HA] 31470
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Table 4. The average results of full floating bearing
friction losses at oil pressure 3bar,
temperature 70C

Speed Load cell Torque Friction Coefticient of
(rpm) (kg) (Nm) W) variation (%)
30,000 0.0167 0.00947 24.4 4.225
40,000 0.0197 0.0112 37.3 3.685
50,000 0.0217 0.0123 52.6 3.268
60,000 0.0227 0.0129 81.0 2.547
70,000 0.0237 0.0135 98.6 2.440
80,000 0.0243 0.0139 1159 2.373
90,000 0.0253 0.0144 135.7 2.279

Table 5. The average results of full floating bearing
friction losses at oil pressure 3bar,
temperature 80C

Speed Load Torque Friction Coefticient of
(rpm) cell (kg) (Nm) W) variation (%)
30,000 0.0153 0.00871 22.0 9.362
40,000 0.017 0.00966 31.0 13.323
50,000 0.0193 0.0110 45.6 3.765
60,000 0.021 0.0119 75.0 4.762
70,000 0.0217 0.0123 90.3 5.329
80,000 0.022 0.0125 104.78 4.545
90,000 0.0223 0.0127 119.6 2.585
0.3
A Full-floating, Toyota, @ 8.5mm
0.5 | WFull-floating, Keyyang, @ 7.5mm v = 0.0002x16225 A
OFull-floating, Toyota, @ 7.5mm

y = 0.0001x1:6225
0.2

0.1

Bearing friction loss [kW]

0il_3bar, 70°C

10 20 30 40 50 60 70 80 %0 100
Turbocharger shaft speed x 1000 [rpm]

Fig. 5. Comparisons of the friction losses as a function
of turbocharger speed at oil pressure 3 bar and
temperature 70 C
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Fig. 6. Comparisons of the friction losses as a function
of turbocharger speed at oil pressure 3 bar and
temperature 80C
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of turbocharger speed at oil pressure 3 bar
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Fig. 8. Comparisons of the friction losses as a function
of turbocharger speed at oil pressure 4 bar
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