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Heating of induction bearings
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In this paper, thermal effects in induction bearings are considered. The governing equations for a model are presented and

discussed. Results of the analysis show relationships between rotating speed, frequency, and temperature of the bearing.
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Introduction

The development of possibilities of machines depends on the
production of bearings that can work at high rotating speeds. A
modern type of bearing that is used in mechanical industry is an
induction heating bearings. This bearing has several advantages.
Induction bearings do not need a lubricating substance. There is
no mechanical contact between working parts of the bearing. It
works silently with little friction. The lifetime of this bearing is
much longer than that of a conventional one.

Analytical methods for the analysis of thermoelectric
problems in induction bearings are not convenient. For the
model presented, we use the finite element method to carry out
calculations. The heating of induction bearings should be
carefully examined, when the gap between the working parts is
small because temperature increases can cause the bearing to
seize up.

The theory of thermal and thermomechanical effects in other
types of electric equipment is discussed in Refs. 1 and 2.

Thermoelectric problems in induction bearing
Heating of induction bearings can be considered as a
two-dimensional problem. Therefore in this paper we
will analyze two-dimensional heat transfer and elec-
tromagnetic field equations.

If heat is generated in a solid at a rate per unit
time, then the temperature T of this solid must satisfy

the following
1 oT d ] (1)
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where A, and A, are thermal conductivities and (x, v)
1s a coordinate system.

The boundary condition for heat transfer at the sur-
face a2 into the surrounding medium with temperature
T, according to Newton's equation is

[A£+ HT-T)| =0 {2)
o an

where a/on 1s the derivative in the normal external
direction to af), /15 the heat transfer coefficient, and
T is the temperature on the boundary 2.

The rate of heat generated bv electric current has
the form®

p = ¥|EP (3)

where E is the complex root mean square value of an
electric field, [zf is the modulus of the complex number
z, and v 1s the electrical conductivity. Equation (3) can
be transformed to the following form, which shows the
heat generation per unit length:

p=2KAP (4)
i

where  is the pulsation, u is the permeabilitv, 4% =
wpey, and A 15 the vector potential.

Consider a conductor in motion. When the vector
potential has onlv the component along the conductor,
then 1t satisfies the following equation?

§(Lea), 2 (Lo
ox \ uox ay \ e ay

oA a4
= —Jo +y|Vi— + V,— ) +jywA (5
J 'J’( ax ¥ 6y) JywA (35)

where V. and V, denote components of the velocity,
J. is the linear density of the current, and J =V — 1.

The boundary conditions for (5) are considered as
the Dirichlet problem

APy = f(p)y PEQ {6)
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o4 = glF}
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Heat flow equations

The problems of the finite element solution of the heat
flow equation are analyzed in many textbooks (see
Refs. 4 and 7). To show similar constructions in ma-
trices appearing in heat flow and electromagnetic field
equations, we recall a brief description of this problem,
Readers who are interested in other theoretical aspects
can acquaint themselves with the details by referring
to the work cited.

The finite element equation of heat flow considering
a linear triangular element can be expressed as

KT+Q=0 (8)

where T ={T,,T;, T} denotes the column vector of
nodal temperatures for finite element.
The matrix K and the vector Q have the form

K=K +K (9)
Kt = f B'AB dQ (10)
11
A, 0
A= [0 J‘\:l (1)
K< = f ENYNG d(a0) (12)
- 13
Q= f N'pdQ + f Ns'N*AT, d(002) (13)
a, ane

Vectors N and N* define the temperatures within the
analyzed region or on its boundary as a function of the
nodal point temperatures, and the vector superscript
T denotes a vector transpose.

Assuming that

T=NT (14)

J- (grad Apgrad NT + ,uy(v.. A

ax
[y

where N{ is the conjugate number with N,.
The finite element equations system takes the form

LA + py(P + jw,W)A = duD],,. 22)
where
| b% + (“2 b;bj + CiCy b,‘bk + ;¢
L = a b;bj + C,‘CJ' b} + C}"’ b',bk + Cj(‘k
ll_b,'bk + cicy bjbk + CiCx bi + C}z(
(23)
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the shape functions vector N can be expressed n the
system of coordinates (x, y)as?

N:=L,2L,~ 1)
N:=L/2L,— 1) (15)
Ne= L2L, -1

where

1
Li=—a;+ bx + ¢;¥)

24
1
L= 7Y (a; + bix + ¢;v) (16)
1
L;‘. = ;}_—A(a,\ + b;\X + ('L.}'J
BLEDS
A =3 a0y a
| EVR

;= XV — Xy

b=y — W (18)

o= X — &
where x; and v, denote coordinates for node i,

The matrix B defines the temperature 1gradicn[ as a

function of the nodal point temperatures

V1 =BT (19)
When we assume that A, = A, = A, then we have from
{10

b;‘! + (';’, bi'b.j + ol bf'bﬂ =+ iy
K* = a b‘.bj + € bJ: + (‘jl b_];b* + ;0
b"bk —+ CECJ\ bjbk + (IJCR bE + {-.E
(20)

Electromagnetic field equations

Based on the Galerkin method we can transform (3) Lo
the form

T jw,,A) N?‘) dQ = fi’iNr d6Q)
©dy 0 0

P=P +P 29

| er'bi UJ‘,bj U.ﬂbk

P I = g Ux;bi Ubej v."(‘bk (25)
U;,.b,' Oﬁbj D_“bk_

1l ove oot vy

P, =5 LyCi DyC; Dy, Gk (26)
UyCi DyCy U.V&Ci'_
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27)

ﬂ@” 1]

6

and & is the distance between corresponding nodal points
on the boundary.

It should be noted that finite element discretization
will not be very good if first denvative terms are large,
that 1s. bad for |uV, H|> 2, where H is a typical element
dimension.

Numerical examples

A scheme of an induction bearing is presented in Figure
1. For an arbitrary point Pxy, yo) we have the following
components of velocity v, v,

by

Figure 1. Scheme of an induction bearing

i
T =)/

= —2m
w | T v, = 27nr 29)

_ B i 25_ T * *

here
] '0 L re = Xo—h, Fy =Sy — hy
n is the angular speed of the bearing. and k. and &,
present displacements of the shaft center in the x- and
Figure 2. Assumed density of current v-directions, respectivelv.

https://dw-inductionheater.com sales@dw-inductionheater.com



https://dw-inductionheater.com/
https://dw-inductionheater.com/
mailto:sales@dw-inductionheater.com

HLQ INDUCTION EQUIPMENT CO.LTD

Lt}

01

temperature [' I:]

50

40

kL]

0

100 200 300 400 508 n rotfsec)

Figure 4. Relationships between temperature. rotating speed,
and frequency: (a} 0 Hz (b) 200 Hz, (¢} 500 Hz, (d} 1000 Hz

The assumed density of current on the boundary is
presented in Figwre 2. Dividing the linear density of
the current in Fourier senes, we have

. m

w SN (6P + 3)—

12, 6

J () = . ‘é

5 i3 cosmix (30)

The following parameters of the induction bearing
have been assumed for the amalysis: R, = 0.026m,
R, = 0020 m, h, = -0.005 m, J, = 90 kA/m,y =
40 x 10° S/m, A = 384 W/mK, and h = 025 W/m?.
The mitial temperature of the bearing 1s 0°C. Two finite
element meshes have been used for the analvsis (shown
in Figure 3). The results of the analvsis for the first
discretization are presented In Figure 4. It was ob-
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served that results obtained for both meshes were nearly
the same, The differences were in the range of 3%.

We show here only an average temperature of the
bearing because in a steady state this temperature is
nearly the same at all points in the bearing. Therefore
it is not necessary to resort to a finite element solution
for the temperature. For a temperature-independent
electrical conductivity the 4 distribution can be solved
by using FEM, and a lumped parameter technique would
give the average steadv-state temperature.

Final remarks

The results shown in Figure ¢ indicate that in the range
of high frequencies the temperature of the bearing does
not depend significantly on rotating speed. For small
frequencies these varations are stronger. For a rotat-
ing speed that 1s higher than 400 rotations per second,
the increase of temperature 1s small,
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