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Abstract: In this study, bearings were developed for a high-power propulsion motor operating in inclined operation
conditions through a simulation and similitude-experimental methods using commercial rotating machinery dynamics
analysis software. The developed journal bearing is electrically insulated and has low thermal conductivity because
each part is connected with 2-4 -mm-thick epoxy plates. To realize an appropriate oil thickness, an oil lift system is
adopted, and a half separated structure is applied to ensure the feasibility of maintaining very heavy components. This
study discusses some of the key design aspects of sleeve bearing design for high-torque and low-speed propulsion
motor applications. Furthermore, the conditions of variable slope tests are examined to prevent oil leakage from the
bearing lip seal on the test rig.
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Table 1 Parameter values used in Bearing Analysis

Input value DE NDE
Diameter (mm) 450 350
Length(mm) 250 250
Clearance(mm) 0.2125 0.165
Pad angle(deg) 160 160
Orientation Angle(deg) 40 40
Oil Type ISO VG100 | ISO VG100
Speed(rpm) 60 60
Bearing Load (kN) 75.2 37.6

Table 2 Required inclined operated conditions of the

developed bearings (Ambient Temp. : 0 ~
45 C)
Item Specific needs | Development objective
1.Heel condition 1. Journal bearing
. h>0.015mm
Operation .
2 Trim condition 2. Thrust bearing
' €0 © h>0.010mm
o 1. Journal bearing
Emergency I.Heel condition h>0.015mm
operation . o 2. Thrust bearing
2.Trim condition 1h>0.010mm

Thrust pad

Fig. 5 (a) 3D- DE side bearing

— Front cover

— Housing

Fig. 5 (b) 3D- NDE side bearing
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Fig. 6 Analysis results of pressure and film thickness on
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(b) Pressure result of oil-lift system

Fig .7 Geometry and pressure result with operating oil-
lift system on journal bearings
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Table 3 The measured displacement on bearings with
oil-lift system

ot

Pressure Displacement

Classification [bar] value (mm)
Peak | Normal 1 X} 2 X}
DE side 90 30 0.18 0.15
NDE side 100 40 0.22 0.21

3 Electrical Motor

Hydraulic Pump

Fig. 8 The manufactured Oil-lift system

R
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Fig. 9 Schematic of displacement measurement for
Bearings with oil-lift system
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Fig. 10 Test bearing and inclined test rig

g3to] Moy SAAFE FAst]
S AT Fig. 10 & 2 79 A
Foll gk ARl A o] =S

* A Holy AA dleolH
- Journal bearing diameter : ¢ 70 mm
- Journal bearing length : 45 mm

o HuleEs FAEH A WA ¥
sperstgict. 4@ AA&Est 3
AR Wl tfd A WMol e] AL
stel A&t 5
SesEe FUstha Hgatar.

42 M EE HOE Azt
AR E Wo]F o] %
gholstsit). Hoj® o] &

WAE sl )

oY eREYS FaAsArh A HE s

Wlol® S T(C)E W™ ALt Fafel o)
=

Agac £l 27

Aol 3o 7ad= AL ol2A HMATE
el & o odslen, olgdt AP 2T ST
wrs wafel 9Eh WolAw, vnd AY
Molgel 4 FaE 4adE o & 9tk



Table 4 Test condition for similitude bearing

Item Description Test condition
Speed |Measurement of Temp 650rpm
Control |according to each speed 975rpm
Load Oil leakage according 1,050N
to each load. 2,100N

Fig. 11 Apparatus of the horizontal test rig condition

Horizental _Result
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OIL TEMP BRG TEMP
Sensing location
Speed N=650rpm N=975rpm
Unit Load | 1,050N |2,100N | 1,050N |2,100N

Max.Temp. | 51.3 55.1 65.1 69.1

Fig. 12 Changes of the Temp. according to between
bearing and oil. (Horizontal)

Fig. 13 Apparatus of the Heel 45°test rig condition
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Fig. 14 Changes of the Temp. according to between
bearing and oil. (Heel 45°)

Fig. 15 Apparatus of Trim 30° test rig condition
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OIL TEMP BRG TEMP
Sensing location

Speed N=650rpm N=975rpm
Unit Load | 1,050N | 2,100N | 1,050N | 2,100N
Max.Temp. 59.3 67.9 75.9 82.9

Fig. 16 Changes of the Temp. according to between
bearing and Oil. (Trim 30°)
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