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Methodology of calculation of output descriptions of high speed spindle unit is considered with front gas-mag-
netic bearing strength of which is condi-tioned by the united action of gas forces and forces of the electromagnetic 
fi eld. A construction over of such bearing is brought. With the purpose of verifi cation of authenticity of theoretical 
results of calculations their comparison over is brought with experimental data. Analyzed infl uence of the length 
magnetic conductor of double-pole gas-magnetic bearing on operational characteristics of spindle unit. On the basis 
of the executed researches the industrial construction of high-speed spindle unit the tests of which were shown on 
high quality and exactness of the processed surfaces is made.
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Considered is the output parameters design 
procedure of the high speed spindle unit with 
the front gas-magnetic support, its load carry-
ing ability condi tioned by the coaction of the 
forces of gas and the electromagnetic fi eld. 
Given is a construction of such a bearing. Com-
pared are the theoretical results of the compu-
tations with the experimental data to prove the 
irreliability. Analyzed is the infl uence of the 
magnetic conductor length of the bipolar gas-
magnetic bearing оn the spindle unit output pa-
rameters. Produced on the basis of the research 
is the industrial standard of the high-speed 
spindle unit which tests have shown the high 
quality and accuracy of the processed surfaces. 

The development of modern industry 
makes increased demands for productivity and 
accuracy of the process equipment. By way of 
example the grinding machines can be cited 
used in fi nishing operations for precision and 
super-precision machining. The accuracy and 
productivity of such machines depend basi-
cally on the spindle unit (SU) precision. 

High-speed SU of the grinding machines 
should provide high speed, hardness on the 

grinding wheel and suffi cient cutting force 
to increase the productivity and working 
accuracy.

The high speed of the SU is attained with 
the help of noncontact gas or magnetic supports. 
However, such bearings have rather a low load 
carrying ability [5] which restricts the cutting 
force of the grinding wheel and results in pro-
ductivity slowdown, particularly by the rough 
stock and semi-fi nished allowances removal.

One of the ways to raise the performance 
specifi cations of the noncontact SU supports 
consists in application of combined bearings, 
particularly gas-and-magnetic supports. The 
coaction of gas-fi lm lubrication and magnetic 
fi eld pressure forces provides the load-carrying 
ability of these bearings [4]. 

Let’s consider the design procedure of the 
SU output parameters with the front gas-and-
magnetic and the back gas-static supports. The 
front support has two magnetic poles. Gas is 
supplied to the bearing clearance through the 
porous inserts situated in the gastight inlay. 
Fig. 1 shows the typical SU scheme to mount 
the grinding wheel on the spindle bracket. 

Fig. 1. The SU scheme to mount the grinding wheel on the spindle bracket:
1 – frontgas-and-magneticsupport; 2 – back gas-static support; 3 –magnetic conductor
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The load on the grinding wheel is found 
from the two equations of statics: the sum of 
projections of forces on axis Y: 

and the moment equation about point О: 

where Q1 and Q2 is the load carrying ability of 
the front and the back support respectively, M 
is the restoring moment from the misalignment 
of the front and the back supports. 

According to the above expressions, to 
determine the load on the grinding wheel one 
must know the load carrying ability of the sup-
ports and the restoring moment from the spin-
dle misalignment. It should be noted as well, 
that the latter valueis on the order of magnitude 
less than the moments of forces Ql and Q2 as 
the calculations show. 

The design of the partly porous gas-static SU 
bearings is developed full enough in paper [2]. 

Let’s consider the performance specifi ca-
tions design procedure of the gas-and-magnet-
ic support with two magnetic suspensions rep-
resented on Fig. 2 

Fig. 2. The scheme of the gas-static support with two magnetic suspensions

The design procedure of the gas-and-mag-
netic support is based on the fact that the pres-
sure fi eld of gas-fi lm lubrication differs from 
the magnetic fi eld and that they render almost 
no infl uence on each other. Thus, the load car-
rying ability of the support can be represented 
as the resultant vector of two vectors of force: 
the magnetic force and the force of gas pres-
sure. In the scalar form the expression to defi ne 
the load carrying ability of the gas-and-mag-
netic support looks like this: 

where Qх and Qy are the projections of the load 
on axes X and Y respectively. Each of these 
projections equals: 

where Qхg and Qyg are the projections on axes 
X and Y of the gas component of the load car-
rying ability, Fхm and Fуm are the projections on 

axes X and Y of the magnetic component of the 
load carrying ability. 

According to paper [3] the projections on 
the coordinate axis of the gas component of the 
load equal: 

where R is the inlay radius, L is the bearing 
length, р is the pressure in the gaseous layer, 
φ is the coordinate in the circumferential direc-
tion of the bearing, z is the coordinate in the 
axis direction of the bearing. 

The magnetic component of the load carry-
ing ability of the support equals in magnitude 
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to the tractive force of solenoids. Its elemen-
tary value is known to be found in this formula:

  (1)

where В is the magnetic induction, S is the area 
of the ferromagnetic solid,  is the space perme-
ability. 

Considering the well-known relation of the 
induction to the amount of clearance, we put 
the expression (1) down as follows:
  (2)

where  is the factor allowing 
for the electric parameters of the solenoid; i is 

the solenoid current; n is the number of turns 
of the solenoid; h is the clearance between the 
spindle and the bearing in lay. 

The relation (2) is referent to defi ne 
the magnetic component of the load carry-
ing ability developed by the two electro-
magnets. 

As the clearance value is less than the lin-
ear dimensions of the pole by approximately 
10–3, we assume the uniformity of the magnetic 
fi eld. Considering this, we can show that with 
the angular separation of the electromagnets α 
the projections of the magnetic component of 
the load in view of magnetic conductor length 
Т on the coordinate axis are found in the ex-
pressions below: 

where ψ is load position angle, β is the circum-
ferential coordinate of the fi rst pole start, φm is the 
polar angle, Т is the length of the electromagnet. 

It should be noted that the clearance  
between the spindle and the bearing inlay is 
found from the following expression: 

where  is the misalignment param-

eter,  is the bearing extension, c is the 

average radial clearance, ε is the relative cen-
tering error, γ is the misalignment angle, D is 
the bearing diameter, L is the bearing length. 

The hardness measured on the grinding 
wheel is determined by the formula: 

where y is the displacement of the wheel axis. 
The stated procedure has served as the 

basis for the research of the infl uence of the 
length of the magnetic conductor Т, which is 
one of the basic elements of the gas-and-mag-
netic support design on the output parameters 
of SU. 

The results of the load F and hardness J 
computation for the grinding wheel depending 
on the rotation frequency of the spindle as well 
as on the magnetic conductor length are given 
on Fig. 3 and 4 respectively. The computations 
are made providing that the load carrying abil-
ity of the front support is produced only due to 
gas pressure forces (Т = 0). We have computed 

the gaseous and magnetic fi eld coaction with 
the relative magnetic force  too. The 
experimental data are obtained from the test 
bench. The designs and the principles of opera-
tion of the test bench are described in paper [3] 
in detail. 

The relative magnetic force is determined 
by the following relation: 

where  is the absolute mag-
netic force, ΔР is the forced aspiration surplus 
pressure. 

The presented relations display that the 
extension of the magnetic conductor makes 
it possible to increase the load on the grind-
ing wheel. It should be noted that in opera-
tion of support, with the gas-and-magnetic 
regime, and with the constant magnetic force 
( ) the spindle unit hardness is low-
er. This defi ciency is remedied by means of the 
control system monitoring the spindle position. 

The pilot model of the high-speed internal 
grinding machinespindle unit which has the 
front gas-and-magnetic support and the back 
gas-static support is designed and produced at 
Komsomolsk-on-Amur State Technical Uni-
versity. 

Testing the SU while processing indus-
trial models having 25 and 40 mm in diameter 
made of steel 20×13, we have obtained the fol-
lowing results: out-of-round of bore – up to 1,0 
microns, waviness – up to 0,15 microns, sur-
face roughness Ra up to 0,12 microns, 10–15 % 
better than with SU having only gas-static sup-
ports. 
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Fig. 3. The relation between load F on the grinding wheel, the spindle rotational speed n and the magnetic 
conductor length Т;  – SU operating regime with the electromagnet switched off; 

 – SU operating regime with the electromagnet switched on; ■ – the experiment with 
Т = 40 mm; ● – the experiment with the electromagnet switched off

Fig. 4. The relation between hardness J on the grinding wheel, the spindle rotational speed n and the 
magnetic conductor length Т;  – SU operating regime with the electromagnet switched 
off;  – SU operating regime with the electromagnet switched on

It follows that the application of SU with 
gas-and-magnetic supports in the machine 
tools will make it possible to use machinery 
more effectively due to the matching of the 
semi-fi nished and fi nishing operations in one 
cutter-settingas well as to get a higher process-
ing quality.
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