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High-Precision Bearings
for Machine Tool Spindles
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ITALIA

SNR Italia
Milano Via Keplero, 5 Tel. (02) 33 55 21
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Fax (051) 36 85 38

ESPAÑA - PORTUGAL
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USA
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Atlanta 4600 K Highlands Pkwy Tel. (770) 435-2818

Smyrna, G.A. 30082 (800) 232-1717
Fax. (800) 742-5215
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SNR Argentina
Buenos Aires Viamonte 1145 - Piso 11 Tel. (54) 11-4 372-1272

1053 Buenos Aires Fax. (54) 11-4 372-0088

SNR Intermondial (Overseas)

Annecy 18, rue du Val-Vert Tél. (33) 4 50 65 96 00/01/02
74600 Seynod Fax. (33) 4 50 65 96 15
France

MAROC

SNR Maroc e-mail : info@snr.ma 
Casablanca 17, rue Buzancy Tél. (212) 02 2 241 530

Belvédère Fax. (212) 02 2 241 532
Casablanca 20300 (212) 02 2 241 542
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SNR High Precision is partner to the major
aeronautical and space programs: Ariane 5, Airbus,
Boeing, Aerospatiale...
The experience and knowledge that SNR has
acquired in the field of extreme operating conditions
contribute to the performance and high reliability of its
products.

The company’s total quality approach is recognized by
numerous certifications: manufacturer approvals, ISO
9001, AQAP110, etc.
The quality methods and tools ensure total control
over the production process based on the Statistical
Process Control and TPM concepts. Production
resource management is certified MRP class A.

The industrial resources and manufacturing processes
meet the very stringent demands of our customers:
• Production machines capable of achieving ISO 2
precision
• Heat treatment in computer-controlled ovens.
• Assembly in controlled environment or class 100
clean room.

SNR has acquired considerable know-how in the
machine tool market through its partnerships with
numerous world-renowned manufacturers and with
its own experience as a manufacturer and user of
high-precision spindle bearings.

The resources SNR High Precision devotes to
Research and Development make it possible to model
the operation of the bearing and verify its design by
tests:
• Powerful computation resources to take the bearing
stresses into account,
• Optimum choice of materials, heat treatments and
surface treatments to suit the application.

Investments in equipment and personnel training
guarantee product quality:
• Metrology department with sophisticated
measuring equipment in compliance with the French
Bureau of Standards (BNM).
• Non-destructive testing performed by certified
technicians.
• Computer controlled data loggers at all assembly
workstations.

SNR HIGH PRECISION
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SNR, machine tool spindle bearings

Presentation
Machine tools are constantly evolving to give better productivity and quality control.
The SPINDLE is one of the vital components that helps attain these objectives; it must satisfy several
requirements:
• high speed of rotation 
• low heat generation
• good rigidity
• high precision of rotation 
• long service life

The use of high-precision angular-contact ball bearings in spindles has been found to be the best technological
means of achieving the desired performance levels.

The SNR bearing: its performance

Reduced 
machining time

• Higher speed
• Optimum capacity

Lower
maintenance costs

• Reliability 
• Long service life Control

of quality
• Reduced heating

• Guaranteed preload precision
• High precision of rotation

• Rigidity
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SNR bearing versions

Basic characteristics of angular-contact bearing
• Rings and balls in very high quality 52100 vacuum-degassed steel
• Two angles of contact: 15° and 25°
• Phenolic resin cage centered on the outer ring
• Three preload grades
• ISO 4 (ABEC 7) precision. Possibility of providing ISO 2 (ABEC 9) precision

Important :
• The majority of SNR ISO 4 precision bearings achieve ISO 2 (ABEC 9) run-out precision.
• SNR achieves a highly accurate control of the offset between the outer ring and the inner ring. This non-
standard characteristic determines the preload value, which has a strong influence on the rigidity and hence the
behavior of a spindle.

Bearing series and version codes

Series Version code

719 V

70 V

72 G1

The reasons behind the performance Dimensions series

G1 version bearings

The G1 version has been specially developed to meet the specifications of the 72 series, which is typically
designed to withstand predominantly high axial loads. 

”Hybrid” bearings

Bearing performance can be substantially improved by using ceramic balls instead of steel balls.
The characteristics of SNR ”hybrid” bearings are given on page 22.

V version bearings

The 719 and 70 series bearings are the best suited to high rotational speeds. Numerous computer simulations
backed up by tests in both our research center and in industrial situations, have enabled us to optimize these two
series to obtain the best performance:

• Speed
• Capacity
• Rigidity
• Precision

This research led to the production of the V version series by SNR.

These bearings are characterized by an internal geometry which provides:
• improved dynamic behavior
• reduced friction
• limited contact pressure
• enhanced lubrication and cooling

719 70 72

72 70 719

Note: a given outside diameter does not
always exist in all three series 

Comparison of sections 
for a given bore

Reduced shoulder

Cage: thickness reduced,
lead-in chamfer

Reduced shoulder

Accurate ring 
offset control

Optimized raceway 
curvature

Dimensional precision

Bore Outside
diameter

Comparison of sections for a given 
outside diameter

Functional precision

Large number of balls

V version
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Characteristics of a preloaded bearing arrangement

Universal or matched set bearing arrangements

Examples :

These arrangements can be made with universal bearings or sets matched by us at the factory. 
See characteristics of the different versions on page 24.

Preload
The preload is an important characteristic of the bearing arrangement. It has a direct influence on the permissible
levels of load and speed. 
The big advantage of the preload is that it gives predetermined and controlled rigidity to the arrangement.

Preloading a bearing arrangement effectively applies a permanent axial load to the bearings. This load will cause
elastic deformation between the races and balls, resulting in a contact pressure between these components.
The axial load is called the preload (P).

11

Angular-contact ball 
bearing technology

0

PP

Non-preloaded arrangement

Contact
without
pressure

Penetration of ball into race

Clearance

Preloaded arrangement

Example: arrangement 7014HVDBJ84
Clearance : 0.012 mm
Preload (P) : 1100 N (247 lbf.) 
Deflection : 0.0025 mm

Contact pressure : inner ring: 960 N/mm2 (139,400 psi) - outer ring 840 N/mm2 (121,800 psi)
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By applying a thrust load to the preloaded arrangement, bearings 1 and 2 withstand an additional load. Their inner rings
move and offset the inner ring of bearing 3 whose load is relieved.

Influence of an external thrust load:
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The thrust load A induces a displacement of the inner rings δA.
When δA = δ2, the bearing 3 is no longer loaded (beginning of ring separation) and the preload is canceled.

Characteristics:

Axial displacement 
Until the preload is canceled, the displacement is equal to δ2. As a first approximation, it is defined by the straight
line OD. Beyond point D, the curve is that of the bearings supporting the thrust load A, i.e. bearings 1 and 2 in
the above example.

Axial rigidity
The mean rigidity equals CD/δ2 until the preload is canceled.

Equilibrium preload (PE)
Arrangements DB-DF PE = P
Arrangement Q16 PE = 1.36P
Arrangement Q 21 PE = 2P

Separation load (CD)
This is the thrust load that causes unloading of the opposing bearing(s), i.e. bearing 3 in the above example.
CD values:
Arrangements DB-DF CD = 2.83P
Arrangements Q16-Q21 CD = 5.66P

The characteristic curves of an arrangement can be provided on request. The axial and radial rigidity values of
preloaded bearings are given on page 34.

Methods of applying the preload
The preload is obtained:
• either by clamping the faces of the bearings in an arrangement
• or by spring systems

Preload grades
SNR has defined three preload grades:
• light preload code 7
• medium preload code 8
• heavy preload code 9

Axial deflection of an angular-contact ball bearing:

When a bearing is subjected to an axial (or thrust) load (Fa), one of its rings moves axially with respect to the
other by an amount δa. δa = K(Fa) 2/3

K is the axial deflection constant specific to each bearing. Its value is given in the preload table on page 34.

900

700

500

400

300

200

100

0 500 1000 1500 2000 2500 3000

600

800

Axial rigidity 
Radial rigidity

Rigidity as a function of preload
Arrangement 7014HVDB

Axial deflection curve of a Q16 bearing arrangement

The rigidity is determined by the preload.
Rigidity increases as the preload increases.

Application of the preload :

Let’s consider the example of a Q16
bearing arrangement with preload P per
bearing.
Before the preload is applied, there is a
gap 2δ between the inner rings of 
bearings 2 and 3.
2δ = 2K(P) 2/3

If the inner rings are tightened by 
eliminating the gap 2δ, their movement
is shown in the graph opposite. The
equilibrium preload of the arrangement
equals PE when clearance 2δ is 
eliminated.

Rigidity

Preload (N)(1 N = 0.2248 lbf)

(1 N = 0.2248 lbf)

(1 N = 0.2248 lbf)
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Preliminary dimensioning of spindle bearings
The dimensional constraints of the spindle shaft, the spindle housing and the performance requirements
determine a preliminary design.

Design definition of machine tool 
spindle bearings

SNR angular-contact ball bearings are designed to meet the spindle applications of the majority of machine tools:
lathes, milling machines, drilling machines, machining centers, grinding machines, etc...
These bearings have the ability to support the loads induced by cutting and driving forces, and at high shaft
speeds 

Their design has been specially developed to optimize performance regarding the following criteria:

• precision of rotation
• dimensional accuracy
• macro and microgeometric deviations
• rigidity

General design rules for spindle bearings

It is vital to draw up specifications that are as complete as possible before starting the study, so that calculations
and simulations can be an accurate description of the actual performance to be expected.

Preliminary dimensioning and calculation of spindle bearings permit to define the following parameters:

• the front and rear bearing part numbers:
- dimensions of bearings
- type of arrangement
- contact angle
- preload
- tolerance class
- position of bearings

• heat level
• vibration level
• service life

• lubrication of bearings
• the bearing environment, on which spindle
performance partly depends:
- tolerances of parts in contact with the 
bearings
- sealing

• Front Bearing(s):

The selection is determined by the speed of rotation and loading conditions.

• Arrangement:
Light to medium load, recommended arrangement: DB.
Medium to heavy thrust load (one direction), recommended arrangement: Q16.
Medium to heavy thrust load (both directions), recommended arrangement: Q 21.

• Contact angle:
The choice depends on the speed of rotation and loading conditions:
15° for a predominantly radial loading
25° for a predominantly axial loading
combined 25°/15° association to increase the separation load.

• Preload:
The preload is chosen from the three standard grades: light, medium, heavy. The selection depends on the
maximum speed of the spindle, the desired rigidity and the separation load.

• Verification of speed:
Once the preceding parameters have been chosen, check that they allow the maximum desired spindle speed
to be reached. 

Each bearing has a maximum speed of rotation called the limiting speed.
The limiting speed of a bearing depends on its design, the type of lubrication, and the maximum admissible heat
that this speed would generate. If one of these parameters changes, the limiting speed changes. The limiting
speed of a single bearing alone is listed starting on page 29.   

For SNR hybrid bearings, this value is increased by 30% (see page 22).

When several bearings are matched in an arrangement, the limiting speed of the bearing alone must be corrected
according to the arrangement and the preload, using the following factors.

Note: These speed adjustment
factors are approximate values for
information only. If a spindle has to
operate continuously near its
maximum speed, the heat level
reached will have to be checked to
ensure that it is compatible with the
required machining accuracy.

• Rear bearing(s):

The rear bearing(s) are usually defined as a DB arrangement with a 15° angle and a light preload. Perform the
same type of speed check as for the front bearing.

• Position of bearings:

The front bearing must be placed as near to the nose of the spindle as possible to improve radial rigidity. The
spacing between the front and rear arrangements depends on the machine design, and in particular on the drive
system.

Spindle calculation

Preliminary dimensioning of the spindle bearings must be checked then optimized.
This can be achieved:

• by using a calculation software program adapted to this type of application.
or
• by a methodology that is based on the standard calculations of material strength and bearing life.

Preload
Arrangement

Light Medium Heavy

DB 0.80 0.70 0.5

DF-Q16-Q21 0.75 0.65 0.4

Speed correction factor
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Calculation software - simulation

Many years of research have enabled SNR ROULEMENTS to develop a calculation software for checking and
optimizing the dimensioning of spindle bearings. These sophisticated methods allow a more comprehensive and
precise simulation than the simplified method. 
Our CALCULATIONS department is constantly working to refine these resources to meet the increasingly
demanding needs of machine tool spindle technology. 
This software can model the spindle and its bearings, accounting for the loading, speed, and lubrication
conditions. Modeling of the shaft: see below.

Representation of loading: see following page. 

The software simulates the equilibrium of a rotating spindle mounted on bearings and subjected to external loads.
• It thus determines:
- the loads and contact deflections between balls and rings
- the loads applied to each bearing
- the displacement of the inner and outer rings
- the distortion of the shaft
- the axial and radial rigidity at the chosen reference point
• It then calculates:
- the pressures and dimensions of the contact ellipses
- the L10 life of the bearings
- the lubricant film thickness; the life is adjusted if the film is inadequate.

Representation of Shaft Distortion: see following page.

SNR ROULEMENTS is at your disposal to verify and optimize your spindle bearing selections based on your
specifications.

Graphic representation of the input data and the results of the SNR calculation software.

Modeling of shaft
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EXTERNAL LOADS

LOAD NUMBER 
CENTERLINE LOCATION (mm) 
AXIAL LOAD (daN / lbf)
RADIAL LOAD (daN / lbf)
TANGENTIAL FORCE (daN / lbf)
DISTANCE TO AXIS (mm)
ANGLE / Y-AXIS (deg) 

1
-40.0
100.0

-100.0
100.0

30.0
270.0

2
470.0

0.0
-100.0

0.0
50.0
45.0

Representation of external loads applied to the spindle.

Representation of Shaft Distortion

(1 daN = 2.248 lbf)

Location of bearing centers
Location of load application points
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