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A Study on the Prevention of Cracks on the Trepan
Area of Motor Bearing
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Trepan prevents the wear of the inside part of a bearing when the initial shaft rotates. It
continuously contacts with the eccentric part of the shaft in rotation and is loaded repeatedly.

Therefore, even if an early crack of a trepan part is small, the crack may progress by the repeated
load. If the crack progresses, very small chips come out. This is put in the rotor and prevents
the rotation of the compressor. There can be leaks in a microgroove and extreme wear can occur
due to lack of oil on the surface contact part. Therefore, this study was carried out to compare
and investigate the trepan strength and deflection characteristics between trepan locations and
dimension changes using the finite element method and search a motor bearing for a model with
bigger stiffness of a trepan part and the same deflection.
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Nomenclature

Z > Location of the main bearing force in
the “z” direction

Z» > Location of the secondary bearing

force in the “z” direction
Zrot : Location of the rotor weight force in
the “z” direction

Fea . Main bearing force

Frg . Secondary bearing force

Fe. . Eccentric force

H, . Height of roller

Hro . Height of rotor

Log . Length of main bearing

Log . Length of secondary bearing

THF,z . Angular position of the main bearing

THFse . Angular position of the secondary
bearing force

Wroe  : Rotor weight force
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1. Introduction

The compressor is used under high pressure. It
compresses vapor so that the refrigerant vaporized
in a vaporizer is easily condensed. The refrigerant
condenses and vaporizes repeatedly by working
through the vaporizer and circulates inside the
refrigerating device and carries heat. Compared
with a human body, the refrigerant is like the
blood and the heart circulates the blood. The
compressor of a refrigerant device is the heart of
the refrigerant device. The bearing is an impor-
tant element of the compressor. Studies that have
been undertaken so far include: an optimum
design of dynamically-loaded journal bearings by
mobility method (Shim et al., 1986), the cavi-
tation in a journal bearing with pressurized lubri-
cant supply (Kim et al., 1986), theoretical sim-
ulation and experimental evaluation of an herme-
tic rolling piston rotary compressor {(Krueger,
1988), a finite element model of asymmetrical
rotor-bearing systems (Jei et al., 1988), an op-
timal design of the crank press main journal
bearing (Shim et al., 1989), an analysis of the
circumferentially grooved floating ring journal



216 Kyung Won Lee, Jae Sam Ban, Heyong Seon Kang and Kyu Zong Cho

bearing (Cheong et al, 1991), residual stress
analysis of an external grooved thick-walled
pressure vessel (Koh, 1993), the static and stabil-
ity characteristics of the oil-lubricated herring-
bone groove journal bearing (Kang et al., 1998),
relation between correction masses and bearing
forces in a rigid rotor (Jun, 1999), an analysis of
herringbone groove journal bearing considering
groove shape (Shin et al., 2000), crack detection,
localization and estimation of the depth in a
turbo rotor (Park, 2000), mixing flow effects in a
high-speed journal bearing (Chun et al., 2001),
experimental testing of journal bearings with
two-component surface layer in the presence of
an oil abrasive contaminant (Jaroslaw Sep et al.,
2001), optimum design of short journal bearings
by artificial life algorithm (Yang et al., 2001), on
the performance of dynamically loaded journal
bearings lubricated with couple stress fluids
(Wang et al., 2002), a parametric study on bubbly
lubrication of high-speed journal bearings
(Chun, 2002).

A crack occurrence in the trepan part of a
motor bearing, which is a part of the compressor,
has an effect on the productivity in industrial
spots. If a crack occurs in the trepan part, this part
is disposed. And, if a crack occurs in the trepan
part, it takes many hours to inspect a machine and
select inferior goods that may be mixed.

Trepan prevents the wear of the inside part of a
bearing when the initial shaft rotates but contacts
continuously with the eccentric part of rotating
shaft and is loaded repeatedly. Therefore, even if
an early crack of a trepan part is small, the crack
may progress by the repeated load. If the crack
progresses, very small chips come out. This is put
in the rotor and prevents rotating of a compres-
sor. A leak may occur in a microgroove and cause
extreme wear due to lack of oil on the surface
contact part.

Therefore, this study is to compare and investi-
gate the trepan strength and deflection charac-
teristics between trepan locations and dimension
changes using the finite element method and then
search a motor bearing for a model with bigger
stiffness of a trepan part and the same deflection
for the prevention of cracks on the trepan area.

Base trepan now in production is modeled and
analyzed using the finite element method. Relia-
bility on the finite element analysis is secured by
comparing experiment data. The finite element
analysis is carried out with a modified trepan.

2. Numerical Analysis
2.1 Modification of trepan

2.2.1 Load theory of the performance analy-
sis
The locations of bearing forces and rotor
weight force are given by ;

— <H7+ngl) E

z=-27 W)
Zz=———(H’+2L oer) (2)
2o (szg1+12LI,+Hm) 5 3)

From the force and moment balance the bear-

ing forces can be evaluated. The resulting

equations are ;
2 s Zz
Fbgll_ cml ZZ___Z1 (4)
Fugi=—Fosii - (s)
[ 2~ (Zz_Zrot) 2 Zg
Fbgll—(Wrotl Z Fecl‘><ZZ__Zl> (6)
Fbg2;= Zrot Wrotl _ZlFbgll (7)

Z2

The magnitude and the angular position of the
bearing forces are (Krueger, 1988);
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Fig. 1 Rotor-shaft free body diagram
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Fosi=y (Fenri)*+ (Fogf)? ®)
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THFve1=a tanZ(Fng, Fbglf) (10)
THF sez=a tan 2(Fogl, Fog?) (11)

Figure 1 presents a rotor shaft free body dia-
gram with a load.

A numerical analysis was carried out following
the load theory based on the performance
analysis. Loads were found in each angle. Figure
2 is a graph for the load found at this time. Here,
the graph curve is only a load which influences
the trepan.

2.2.2 Finite element analysis

Figure 3 is a model of the section (1/2) of a
motor bearing and presents a dimension of the
trepan where C.H is the chamfer location, T.H is
the trepan depth, and T.R is the trepan location.
After the section of the two dimensional figure
changes into a three dimensional section, an an-
alysis is carried out using the commercial pro-
gram, ANSYS. The elastic modulus, E is 110
GPa and Poisson’s ratio, v is 0.3 and the density,
0 is 650 kgf/m®. The load on the bearing is found
using the numerical analysis, following the load
theory based on the performance analysis.

Figure 4 presents the boundary condition, the
constraint and the loading condition of a motor
bearing. In Fig. 4, constraint is applied to the
parts of fixed bolts and load applied to a bearing.

Figure 5 is a result from the finite element
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Fig. 3 Dimension of trepan

Fig. 4 Boundary condition of motor bearing

= Srpadment |
|
el
£ L
g LI
% 1 ,/j( H
B i W I N
T | ———
5 .
j - |
|
T e

Fig. 6 Deflection of trepan

analysis and is a good representation of a stress
concentration part of trepan and deflection.
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Figure 6 is a graph in which experimental data
of base trepan is compared with the results from
the finite element analysis on deflection of trepan.
Here, it is very difficult to measure deflection of
trepan by the eccentric part of the shaft in rota-
ting. Therefore, the load was added to a station-
ary shaft to measure deflection of trepan. Figure 6
presents that the experiment data of base trepan
show the same results from the finite element
analysis. Therefore, there is secured reliability on
the finite element analysis.

First, if the base model of Fig. 7 is compared
with the model 1 of Fig. 8, the model 1 is 0.5 mm
longer than the base model for crack prevention.
From the results of the finite element analysis, the
deflection of base model is 11.9 gm and stress is
62.7 MPa. The deflection of model 1 is 8.2 ym
and stress is 44.8 MPa. Shape modification is
needed because the deflection of model 1 is
shorter than the deflection of the base model.
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Fig. 7 Base model
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Fig. 8 Modification model 1

Therefore, after modifying only the chamfer
location from 3.6 mm to 2.0 mm as shown in Fig.
9, the finite element analysis is carried out.

From the results of the finite element analysis
on the model 2 of Fig. 9, deflection is 11.1 zm and
stress is 63.4 MPa. That is shorter than the
deflection of the base model and bigger than the
stress of the base model. It is found that the
shorter the chamfer location is, the smaller the
stress is. Therefore, thickness is lengthened by 0.5
mm and depth increasing by 1 mm in leaving as
the chamfer is.

From the results of the finite element analysis
on the model 3 of Fig. 10, deflection is 9.7 #m and
stress is 50.6 MPa. The deflection was longer by 1.
5 p¢m and stress increased by 5.8 MPa than those
of model 1. Stress increased by 5.8 MPa, but that
is smaller than the stress of the base model, 62.7
MPa. Therefore, that is the allowed value.

From the results of the finite element analysis
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Fig. 10 Modification model 3
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Fig. 13 Stress analysis result

on the model 4 of Fig. 11, deflection is 11.3m
and stress is 55.9 MPa. The deflection was longer
by 1.6 #um and stress increased by 5.3 MPa than
those of the model 3. Stress decreased by 6.8 MPa
than the stress of the base model. Deflection is
most similar to the deflection of the base model.
Therefore, it is suitable to exchange the model 4
for the base model.

Figure 12 is the table for the deflection analysis

results using the finite element analysis in each
modification model.

Figure 13 is the table for the stress analysis
results using the finite element analysis in each
modification model.

3. Conclusion

The trepan shape was modified to prevent
cracks on the trepan area of motor bearing and
the finite element analysis was carried out.

The results are summarized as follows :

(1) An experiment data of the base trepan
demonstrated the same results from the finite
element analysis. Therefore, there is secured
reliability on the finite element analysis.

(2) The thicker the thickness of the trepan is
than that of the base model, the smaller the stress
is as well as the deflection is also.

(3) The shorter the chamfer location of trepan
is than that of the base model, the smaller the
stress is as well as the deflection is also.

(4) The stress is smaller than that of the base
model and the deflection is the most similar to the
deflection of the base model when increasing the
thickness of the trepan along with a 2 mm depth.
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