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Unit conversions

Quantity Unit Conversion
Length inch 1mm 0.03937in 1in 25,4 mm

foot 1m 3.281 ft 1ft 0,3048 m

yard 1m 1.094 yd 1yd 0,9144 m

mile 1km 0.6214 mi 1 mi 1,609 km
Area square inch 1 mm?2 0.00155in2 1in2 645,16 mm?2

square foot 1m?2 10.76 ft2 1ft2 0,0929 m2
Volume cubicinch 1cm3 0.061in3 1in3 16,387 cm3

cubic foot 1m3 35 ft3 1ft3 0,02832m3

imperial gallon 11 0.22 gallon 1 gallon 454611

US gallon 11 0.2642 US gallon 1US gallon 3,78541
Speed, velocity foot per second 1m/s 3.28ft/s 1ft/s 0,3048 m/s

mile per hour 1 km/h 0.6214 mph 1 mph 1,609 km/h
Mass ounce 1g 0.03527 oz loz 28,35¢

pound 1kg 2.2051b 1lb 0,45359 kg

short ton 1 tonne 1.1023 short ton 1shortton 0,90719 tonne

long ton 1 tonne 0.9842 long ton 1longton 11,0161 tonne
Density pound per cubic inch 1g/cm3 0.0361 Ib/in3 1 lb/in3 27,68 g/cm3
Force pound-force 1N 0.225 |bf 1 lbf 4,4482 N
Pressure, stress pounds per squareinch 1 MPa 145 psi 1psi 6,8948 x 103 Pa

IN/mm2  145psi
1 bar 14.5 psi 1 psi 0,068948 bar

Moment pound-force inch 1Nm 8.85 lbf-in 1 Ibf-in 0,113 Nm
Power foot-pound per second  1W 0.7376 ft-Ib/s 1 ft-lb/s 1,3558 W

horsepower 1kW 1.36 hp 1hp 0,736 kW
Temperature degree Celsius tc = 0.555 (tr— 32) Fahrenheit tr=1,8tc+32
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Foreword

This catalogue contains detailed information on SKF rolling bearings
that are typically used in industrial applications. It also includes infor-
mation on engineered products such as:

e motor encoder units, which measure rotation speed and direction
e rolling bearings designed to withstand extreme temperatures

e bearings with electrical insulation

e bearings with balls or rollers made from ceramic materials

Products presented in this catalogue are available worldwide
through SKF sales channels. For information about lead times and
deliveries, contact your local SKF representative or SKF Authorized
Distributor.

The complete assortment of SKF rolling bearings is much larger
than what is presented in this catalogue. Visit skf.com or contact SKF
to learn more about rolling bearings, including:

e super-precision bearings

e ball and roller bearing units

o fixed section ball bearings

e large deep groove ball bearings with filling slots
e large angular contact thrust ball bearings
e tapered roller thrust bearings

multi-row ball or roller bearings

split roller bearings

crossed tapered roller bearings

slewing bearings

linear ball bearings

e bearings for inline skates and skateboards

akF

¢ backing bearings for cluster mills

e indexing roller units for continuous furnaces of sintering plants
e application specific bearings for railway rolling stock

e application specific bearings for cars and trucks

e triple ring bearings for the pulp and paper industry

e bearings for printing press rollers

e bearings for critical aerospace applications

The information in this catalogue reflects SKF's state-of-the-art
technology and production capabilities as of 2018. The information
herein may differ from that shown in earlier catalogues because

of redesign, technological developments, or revised calculation
methods. SKF reserves the right to continually improve its products
with respect to materials, design and manufacturing methods, some
of which are driven by technological developments.

SKF Explorer bearings

SKF Explorer rolling bearings accommodate higher load levels
and provide extended service life. Optimized internal geometry
reduces friction, wear and heat generation, allowing heavier
loads to be accommodated. Their advanced surface finish
reduces friction and enhances lubricating conditions.

Benefits of using SKF Explorer bearings include:

significantly extended service life

e increased uptime and productivity
extended lubricant life

reduced sensitivity to misalignment

¢ reduced noise and vibration

e the prospect of downsizing applications

SKF Explorer bearings are shown coloured blue in the product
tables.


http://skf.com

Foreword

What is new in this edition

The four main differences in this edition of the SKF catalogue Rolling
bearings, compared to the previous, are described below.

1. The bearing selection process

When selecting bearings for any purpose, ultimately you want to be
certain of achieving the required level of equipment performance
—and at the lowest possible cost. In addition to the bearing rating life,
there are other key factors you must consider when putting together

the bearing specifications for an application. The bearing selection
process helps to evaluate these key factors.

Bo)i-h ) 0) 1) 8) &) =)

Go to section B, page 60, to learn more about bearing selection.

Performance and operating conditions
Bearing type and arrangement
Bearing size

Lubrication

Operating temperature and speed

Bearing interfaces

[ 1-leTile

Bearing execution

i1

Sealing, mounting and dismounting

2. Popular items

Popular items are marked in the product tables with the symbol ».
Bearings marked as popular items are of sizes that SKF produces for
many customers and are usually in stock. They have a high level of
availability and generally provide a cost-effective solution.

3. Streamlined content and easy online
access

This catalogue contains information on rolling bearings commonly
used in industrial applications. To reduce the volume of the book and
make it more manageable, we have excluded less common bearing
types and sizes, though you can readily find these in our online prod-
uct information.

Short URLs in the product sections provide direct access to related
online information.
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Product data online - skf.com/go/17000-6-1

Short URLs in the product sections provide direct
access to related online information.
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A triangle indicates popular items. They have a
high level of availability and generally provide a
costeffective solution.
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4. Important product updates

Tapered roller bearings

Tapered roller bearings with an outside diameter up to 600 mm have
been redesigned. These new bearings have an increased dynamic
load rating, and most of the range is available as SKF Explorer bear-
ings. A consolidated catalogue assortment and a simplified designa-
tion system provide a clear view of what is available.

Angular contact ball bearings with 25° contact angle

These new bearings have a raceway geometry optimized for high
speeds and reduced sensitivity to axial loading and misalignment.
They can increase robustness when used as the backup bearing in
sets that are predominantly loaded in one direction.

Upgraded INSOCOAT bearings

INSOCOAT bearings feature electrical insulation on either the inner
or outer ring. The upgraded coating provides higher Ohmic resist-
ance, including high Ohmic resistance even in a humid environment,
and higher breakdown voltage.

Spherical roller bearings for wind energy
applications

Spherical roller bearings for wind energy applications are designed
explicitly for wind turbine main shafts. They have an optimized
internal geometry with large diameter rollers and increased contact
angle for increased axial load carrying capacity.

L= ] <t oH




Foreword

Catalogue information
and how to use it

This catalogue is divided into three parts:

Principles of rolling bearing selection

This part is marked by grey bars at the page edge. It provides general
information about rolling bearings (section A), explains the bearing

selection process (section B), and presents three examples on how to
apply the bearing selection process for various applications (section C).

Product data

The part is divided into sections per bearing type. Each product sec-
tion is marked by blue tabs containing the section number and a
descriptive icon.

Indexes

The product index and text index are marked with grey bars. The
product index lists series designations, relates them to the bearing
type, and guides you to the relevant product section and product
table. The text index lists entries in alphabetical order, including
designation suffixes, and helps you locate specific information
quickly.

10

Grey bars mark the three sections under Principles
of rolling bearing selection.
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Sections by bearing type are marked with blue tabs
including section number and an icon.

earings 396-397, 405
earings 847-848, 855
ngs 506, 515

fings 252-253, 259

7
5 613

ngs 782-783,791

Text index

pearings 847-848, 855
ngs 506, 515

rings 252-253, 259

2

ngs 782-783,791

pearings 846, 855

Indexes are marked with grey bars.
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Use case: Select a bearing for an application

If you are unsure whether you have adequate knowledge or experi-
ence to select a bearing that best suits your application require-
ments, you will probably find the Bearing selection process, page 60,
helpful.

If you are an experienced bearing expert, go directly to the section
for the relevant bearing type, browse the product tables for the
required size, and then look at additional details and information on
more specific variants in the text part preceding the product tables.

Use case: Find details of a known bearing

The easiest way to find detailed information about a bearing for
which you have the designation is to use the product index,

page 1136. Compare the initial characters in a bearing designation
with the entries in the product index; each entry specifies the related
bearing type, and the relevant product section and product table.

To understand the suffixes used in a bearing designation, go to the
text index, page 1120, locate the entry for the suffix and follow the
reference to the relevant product sectioin, where you can find
detailed information.

akF

Units of measurement

This catalogue is for global use. Therefore, the predominant units of
measurement are in accordance with 1ISO 80000-1. Imperial units
are used wherever necessary. Unit conversions can be made using
the conversion table, page 6.

For easier use, temperature values are provided in both °C and °F.
Specified temperature values are typically rounded. Therefore, values
obtained using conversion formulae may not exactly match those
specified.

11



Rotating equipment performance

Rotating equipment performance

Every customer is different, with their own drivers and needs, and
we have engineered a broad range of products and services to better
serve all our customers. So whether you have a problem that needs
solving, you want to digitalize your operations, or you want access to
design advice, SKF has the right solution to help you get the most out
of your rotating equipment.

What does it mean to you?

Performance looks different for every business. We are here to help
our customers make choices that deliver against what performance
means to them:

¢ Improve output
By working with SKF to optimise the performance of your rotating
equipment you can increase availability, application speed and
quality — all driving greater overall equipment effectiveness, and
boosting output for your business.

o Trim your total cost of ownership
Poor performance doesn't just affect your output, it can cost you in
energy, maintenance, spare parts, labour and more — all adding up
to a greater TCO. SKF can help you achieve more reliable rotation,
so you can reduce your total cost of ownership.

¢ Realise your digital ambitions
Make immediate and tangible progress towards your digitalization
ambitions. SKF has the digital products, software, services and
analytics capabilities to help you gain visibility of the health of your
equipment and to turn data into performance-driving insight.
Allowing your business to be more agile, deliver greater output, or
optimise safety and sustainability.

Reduce reliance on scarce talent

Work with us to bring rotating equipment expertise into your busi-
ness, and you can reduce the time and cost burden of recruiting
and retaining increasingly scarce and expensive maintenance and
diagnostic skillsets.

Operate more safely

Whether you want to ensure maximum operational safety, reduce
hygiene incidents or navigate the minefield of EHSS regulations,
SKF can help you drive operational safety, and a reduced incident
rate will feed into your productivity too.

12

¢ Be more sustainable
SKF can work with you to reduce energy usage, waste output,
spare parts consumption and more, helping you to deliver against
your sustainability agenda, as well as saving on costs.

The way that works for you

Itis not all about the technologies, services and solutions to meet
your business needs. Every customer can have different commercial
needs. As a result we have created innovative business models for
delivering our rotating equipment performance solutions, which in
themselves can contribute towards the performance that matters to
your business.

Delivered through our distribution partners

Many of our distribution partners are now delivering greater value to
their customers through maintenance, reliability and operations ser-
vices powered by SKF digitalization capabilities.

Find out how SKF Authorized Distributors and SKF Certified Main-
tenance Partners could support you on this journey via our support
network and services tailored for distributor enablement.
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SKF Care

SKF Care is our definition of sustainability. The framework comprises
four main perspectives that help us to create value for business
partners, the environment, our employees, and the communities
around us.

The employee perspective is about ensuring a safe working
environment and promote health, education and well-being of
employees at SKF and in the supply chain.

The business perspective is about customer focus, financial per-
formance and returns for shareholders — with the highest stand-
ards of ethical behaviour.

The environmental perspective is about continually reducing the
environmental impact from the Group’s operations, as well as
actions to significantly improve customers’ environmental per-
formance through the products, solutions and services that SKF
supplies.

The community perspective is about making positive contribu-
tions to the communities in which we operate and guides us to
run our business in a way that supports positive development.

SKF BeyondZero

SKF BeyondZero is our mindset to integrate environmental concern
into the way we do business. It includes actions to reduce the envi-
ronmental impact resulting from SKF’s operations and those of our
suppliers, while at the same time providing customers with solutions
to reduce the impact of their products or operations.

L= ] <t oH
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General bearing
knowledge

Al Bearingbasics.............o i 19
A2 Tolerances ........... i 35
A3 StOTage . . .. 57

This section provides general information that is valid for rolling bearings.
Bearing basics contains information that all readers should know. When you have read that
section you will:
¢ know what rolling bearings are
e know about their components
¢ have a basic understanding about materials used for rolling bearings
e be familiar with the terminology
e understand the system of standardized boundary dimension
e be able to determine information about a bearing from its designation (part number)

Tolerances provides information that enables you to identify and determine the tolerances of
practically every bearing presented here. This is possible because bearing tolerances are
standardized internationally, predominantly by ISO. The individual product sections refer to
the information in this section, where needed.

Storage provides advice on how to deal with SKF bearings and how to administer them
while in storage.

17
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A.1 Bearing basics
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A.1 Bearing basics

Why rolling Ball and roller
bearings? bearings

The two basic types of rolling element
Rolling bearings support and guide, with distinguish the two basic types of rolling
minimal friction (fig. 1), rotating or oscillating ~ bearing:
machine elements — such as shafts, axles or
wheels — and transfer loads between machine e hall = ball bearing
components. Rolling bearings provide high e roller - roller bearing
precision and low friction and therefore enable
high rotational speeds while reducing noise, Balls and rollers are different in how they
heat, energy consumption and wear. Theyare  make contact with the raceways.
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cost-effective and exchangeable machine Balls make point contact with the ring

elements that typically follow national or raceways (fig. 2). With increasing load acting

international dimension standards. on the bearing, the contact point becomes Fig. 2
an elliptical area. The small contact area it @rmiEc

provides low rolling friction, which enables
ball bearings to accommodate high speeds
but also limits their load-carrying capacity.

Rollers make line contact with the ring
raceways (fig. 3). With increasing load acting
on the bearing, the contact line becomes
somewhat rectangular in shape. Because of
the larger contact area and the consequently
higher friction, a roller bearing can accom-
modate heavier loads, but lower speeds,
than a same-sized ball bearing.

Fig. 1 Fig. 3

Why rolling bearings? Line contact

=

Sliding friction Rolling friction Rolling bearing
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Why rolling bearings?

Radial and thrust
bearings

Rolling bearings are classified into two
groups based on the direction of the load
they predominantly accommodate:

¢ Radial bearings
Radial bearings accommodate loads that
are predominantly perpendicular to the
shaft. Some radial bearings can support
only pure radial loads, while most can
additionally accommodate some axial
loads in one direction and, in some cases,
both directions (fig. 4).
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Thrust bearings

Thrust bearings accommodate loads that
act predominantly along the axis of the
shaft. Depending on their design, thrust
bearings may support pure axial loads in
one or both directions (fig. 5), and some
can additionally accommodate radial loads
(combined loads, fig. 6). Thrust bearings

cannot accommaodate speeds as high as Fig. 4
same-sized radial bearings. Radial bearings
The contact angle (fig. 7) determines which )
: . . Radial load
group the bearing belongs to. Bearings with
a contact angle < 45° are radial bearings, the :
others are thrust bearings. L 1 7 J
L.
B
||K »
Radial bearing accommodating Radial bearing accommodating
radial load only radial and axial load
Fig. 5 Fig. 6 Fig.7
Thrust bearing for pure axial load Thrust bearing for combined load Contact angle

iz ln
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Terminology fo.8 -

Symbols for boundary dimensions Symbols for boundary dimensions
- radial bearings — thrust bearings

Some frequently used bearing terms are

explained here. For a detailed collection of

bearing-specific terms and definitions, refer B

to ISO 5593 Rolling bearings — Vocabulary. [‘ ‘

Symbols used in this catalogue are mainly in ] L —<H

accordance with ISO standards. The most

common symbols are (fig. 8 and fig. 9): i
NS

Bore diameter D d
Outside diameter . ] )
Bearing width / v ‘
Bearing height '
Chamfer dimension
Contact angle —
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Shaft-bearing- Fig. 10
h ous i n g System Terminology — Shaft-bearing-housing system

(fig. 10)

Cylindrical roller bearing
Four-point contact ball bearing
Housing

Shaft

Shaft abutment shoulder
Shaft diameter

Shaft seat

End plate

Radial shaft seal

Seal wear ring

Housing bore diameter
Housing seat

Housing cover

Snap ring
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Radial bearings

(fig. 11 and fig. 12)

1
2
3

19
20
21
22
23

Inner ring

Quter ring

Rolling element: ball, cylindrical roller,
needle roller, tapered roller, spherical
roller, or toroidal roller

Cage

Capping device

Seal —made of elastomer
Shield — made of sheet steel
Quter ring outside surface
Inner ring bore

Inner ring shoulder surface
Quter ring shoulder surface
Snap ring groove

Snap ring

Outer ring side face

Recess for capping device
Quter ring raceway

Inner ring raceway

Recess for capping device
Inner ring side face

Chamfer

Bearing pitch circle diameter
Total bearing width

Guide flange

Retaining flange

Contact angle

Fig. 11

Thrust bearings
(fig. 13)

24 Shaft washer

25 Rolling element and cage assembly

26 Housing washer

27 Housing washer with a sphered
seat surface

28 Seat washer

Fig. 12

Terminology

Fig. 13

Terminology — Radial bearing

18
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Terminology — Radial bearing

Terminology — Thrust bearing

o

A

N

24

25
26

27

24

28

24

25
26

23
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Al Bearing basics

Components and  Rolling elements
m ate ri a IS The rolling elements (balls or rollers) transfer

the load between inner and outer rings.
Typically, the same steel is used for rolling

A typical rolling bearing consists of the elements as for bearing rings and washers.

following components (fig. 14): When required, rolling elements can be made
of ceramic material. Bearings containing

e aninnerring ceramic rolling elements are considered

e anouterring hybrid bearings and are becoming more and

e balls orrollers, as rolling elements more common.

® acage

SKF supplies several bearing types capped
with a seal or shield on one or both sides.
Bearings capped on both sides are factory-
filled with grease. They provide an economic
and space-saving solution compared to
external sealing.
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Bearing rings

The pressure at the rolling contact area and
the cyclic overrolling creates fatigue in the
bearing rings when the bearing is in opera-
tion. To cope with such fatigue, rings that are
made of steel must be hardened.

The standard steel for bearing rings and
washers is 100Cr6, a steel containing
approximately 1% carbon and 1,5%
chromium.

SKF bearing rings and washers are made
of steel in accordance with SKF specifications.
They cover all aspects that are relevant to
providing a long service life for the bearing.
Depending on specific requirements, SKF
uses stainless steels or high-temperature

steels.
Fig. 14

Bearing components

3022020

Seal Rolling elements Inner ring

Outer ring Cage Seal
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Cages

The primary purposes of a cage are:

separating the rolling elements to reduce
the frictional heat generated in the
bearing

keeping the rolling elements evenly
spaced to optimize load distribution
guiding the rolling elements in the
unloaded zone of the bearing

retaining the rolling elements of separable
bearings when one bearing ring is
removed during mounting or dismounting

Cages are radially centred (fig. 15) either on:

e the rolling elements
e theinnerring
e the outer ring

Cages centred on the rolling elements permit
the lubricant to enter the bearing easily. Ring
centred cages, which provide more precise
guidance, are typically used when bearings
must accommodate high speeds, high vibra-
tion levels or inertia forces stemming from
movements of the whole bearing.
The main cage types are:

o Stamped metal cages (fig. 16)
Stamped metal cages (sheet steel or
sometimes sheet brass) are lightweight
and withstand high temperatures.

e Machined metal cages (fig. 17)
Machined metal cages are made of brass
or sometimes steel or light alloy. They
permit high speeds, temperatures, accel-
erations and vibrations.

e Polymer cages (fig. 18)
Polymer cages are made of polyamide 66
(PA66), polyamide 46 (PA46) or some-
times polyetheretherketone (PEEK) or
other polymer materials. The good sliding
properties of polymer cages produce little

friction and, therefore, permit high speeds.

Under poor lubrication conditions, these
cages reduce the risk of seizure and sec-
ondary damage because they can operate
for some time with limited lubrication.

L= ] <t oH

e Pin-type cages (fig. 19)

Steel pin-type cages need pierced rollers
and are only used together with large-
sized roller bearings. These cages have
relatively low weight and enable a large
number of rollers to be incorporated.

Components and materials

Fig. 15
Options for cage centring
Fig. 16 Fig. 17
Stamped metal cage Machined metal cage
Fig.18 Fig. 19
Polymer cage Pin-type cage
25
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Al Bearing basics

Integral sealing

Integral sealing can significantly prolong
bearing service life because it keeps lubricant
in the bearing and contaminants out of it.
SKF bearings are available with various
capping devices:

¢ Shields
There is a small gap between the shield
and inner ring. Bearings fitted with shields
(fig. 20) are used where the operating
conditions are relatively clean, or where
low friction is important because of speed
or operating temperature considerations.

e Seals
Bearings with seals are preferred for
arrangements where contamination is
moderate. Where the presence of water or
moisture cannot be ruled out, contact seals
(fig. 21) are typically used. These seals
make positive contact with the sliding
surface on one of the bearing rings. Low-
friction seals (fig. 22) and non-contact
seals (fig. 23) can accommodate the same
speeds as bearings with shields, but with
improved sealing effectiveness.

Internal clearance

Bearing internal clearance (fig. 24) is defined
as the total distance through which one
bearing ring can be moved relative to the
other in the radial direction (radial internal
clearance) or in the axial direction (axial
internal clearance).

In almost all applications, the initial clear-
ance in a bearing is greater than its operating
clearance. The difference is mainly caused by
two effects:

e Bearings are typically mounted with an
interference fit on the shaft or in the hous-
ing. The expansion of the inner ring or the
compression of the outer ring reduces the
internal clearance.

Bearings generate heat in operation. Dif-
ferential thermal expansion of the bearing
and mating components influences the
internal clearance.

26

Fig. 20 Fig. 21
Shield Contact seal
Fig. 22 Fig. 23
Low-friction seal Non-contact seal
Fig. 24

Sufficient internal clearance in a bearing
during operation is important. Preload
(clearance below zero) is possible for certain
bearing types.

To enable selection of the appropriate
initial internal clearance to achieve the desired
operational internal clearance, bearings are
available in different clearance classes. 1SO
has established five clearance classes for
many bearing types. SKF uses designation
suffixes to indicate when the bearing internal
clearance differs from Normal (table 1).

Bearing internal clearance

Radial internal
clearance

!

Axial internal
clearance

akF



Heat and surface
treatment

Rolling bearing rings and rolling elements
must:

¢ be hard enough to cope with fatigue and
plastic deformations

¢ be tough enough to cope with applied
loads

e be sufficiently stable to experience only
limited changes of dimensions over time

The required properties are achieved by heat
and surface treatments.

Hardening

There are three typical hardening methods
that may be applied to bearing components:

e Through-hardening
This is the standard method for most
bearings and provides good fatigue and
wear-resistance, as hardening is applied
over the full cross section.

Induction-hardening

Surface induction-hardening is used to
selectively harden a component’s raceway
to limit rolling contact fatigue, leaving the
remainder of the component unaffected to
maintain structural strength.

Case-hardening

Case-hardening provides hardness to the
surface. Itis used, for example, where
bearing rings are subjected to high shock
loads causing structural deformations.

Table 1

Internal clearance classes

ISO clearance  SKF designation Internal clearance
class suffix

= 1 Smaller than C2
Group 2 C2 Smaller than Normal
Group N - Normal

Group 3 C3 Greater than Normal
Group 4 Ch Greater than C3
Group 5 C5 Greater than C4

akF

Heat and surface treatment

Dimensional stability

Heat treatment is used to limit dimensional
changes caused by metallurgical effects at
extreme temperatures. There is a standard-
ized classification system for dimensional
stability (table 2). The various SKF bearing
types are stabilized to different classes as
standard.

Surface treatment
and coatings

Coating is a well-established method for
providing bearings with additional functional
benefits to accommodate specific application
conditions. Widely used coatings are zinc
chromate and black oxide.

Two other methods developed by SKF
have proven successful in many applications:

e INSOCOAT bearings are standard bearings
that have the external surfaces of their
inner or outer ring coated with an alumin-
ium oxide layer. This coating increases
resistance to electric current through the
bearing.

e NoWear enhances wear-resistance of the
raceway or rolling element surfaces. It can
help the bearing withstand long periods of
operation under poor lubrication conditions
and to reduce the risk for low load damage.

Table 2

Dimensional stability

Stabilization Stabilized up to
class

- °C °F

SN 120 250

SO 150 300

S1 200 390

S2 250 480

S3 300 570

Sk 350 660

27
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Stan dardize d For thrust bearings, height series are used B earin g S With in Ch

instead of width series. Height series are . .
boundary numbered 7,9,1and 2. d|men5|0ns

Bearings to ISO general plans have the

d imensions same boundary dimensions when they share  In addition to the bearings in accordance
the same bore diameter and dimension with ISO dimensions, SKF has a comprehen-
series (table 3). If not, they have different sive assortment of bearings with inch
Boundary dimensions are the main dimen- boundary dimensions. dimensions following American and British
sions of a bearing (fig. 25 and fig. 26). They standards.
comprise:

e the bore diameter (d)

e the outside diameter (D)

e the width or height (B, C, T or H)
e the chamfer dimensions (r)

The boundary dimensions for metric bear-
ings are standardized in the ISO (Interna-
tional Organization for Standardization)
general plans:
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¢ |SO 15 for radial rolling bearings, except
insert bearings, some types of needle
roller bearings and tapered roller bearings
¢ |SO 104 for thrust bearings

e S0 355 for tapered roller bearings Fig. 25 Fig. 26

Boundary dimensions, radial bearing Boundary dimensions, thrust bearing
Most rolling bearings follow ISO standard

dimensions, which is a prerequisite to enable
interchangeability.

The ISO general plan for radial bearings [“B”
provides several series of standardized out- —
side diameters for every standard bore U : I dy
diameter. They are called diameter series o \ r d
and are numbered 7, 8,9,0,1, 2, 3and 4 (in
order of increasing outside diameter). Within - B T
each diameter series, different width series D d D / d ] |
exist (width series 8,0,1, 2, 3, 4,5and 6 in
order of increasing width). The diameter / : Dz
series 0, 2 and 3, combined with width U 7 D
series 0,1, 2 and 3, are shown in fig. 27.

T —=

N

1) 1SO uses T.

Fig. 27

System of ISO dimension series

03 13 23 33
02 12 22 32

Diameter series

o N W

Dimension series

- D_a‘

Width series
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Basic bearing designation system

Basic bearing
designation
system

The designations of most SKF rolling bear-
ings follow a designation system. The com-
plete bearing designation may consist of a
basic designation with or without one or
more supplementary prefixes and suffixes
(diagram 1). The basic designation
identifies:

e the bearing type
¢ the basic design
e the boundary dimensions
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Prefixes and suffixes identify design features

or bearing components. Diagram 1

Designations for SKF rolling bearings

Brewpls [R] [Nu2212 | [ EcmL
6008 |/| 3
||y 23022 |-[ acs

Prefix

Space or non-separated

Basic designation

Space, oblique stroke or hyphen

Suffix

Table 3
Examples of boundary dimensions
Same bore diameter and dimension series Same bore diameter, but different dimension series
Deep groove ball bearing Cylindrical roller bearing Cylindrical roller bearing Angular contact ball bearing
6205 NU 205 NU 2205 ECP 3205A
Dimension series 02 Dimension series 02 Dimension series 22 Dimension series 32
*‘B=15 —B =15 —B =18 —‘B=20,6 ‘f
D=52 d=25 D=52 d=25 D=52 d=25 D=52 d=25

e O 0 @i
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Table 4
Basic designation system for SKF standard metric ball and roller bearings
Bearing series
6(0)4
544 623 (0)4
223 524  6(0)3 33
213 543 622 23
232 523  6(0)2 (0)3
222 542 630 23 22
241 522  6(1)0 32 12
231 16(0)0 22 (0)2
9 240 323 534 639 41 31 41
o 230 313 514 619 31 30 31
© 249 303 533 609 60 20 60
'; 139 239 332 513 638 7(0)4 814 50 10 50
c 130 248 322 532 628 7(0)3 894 40 39 40 23
E (2)23 238 302 512 618 7(0)2 874 30 29 30 (0)3
@ 1(0)3 331 511 608 7(1)0 813 69 19 69 12
o (1)22 294 330 510 637 719 893 59 38 49 (0)2
- (0)33  1(0)2 293 320  4(2)3 591 627 718 812 49 28 39 10
< (0)32 1(1)0 292 329  4(2)2 590 617 708 811 39 18 48 19
Bearing type
NC, NCF
NF, NFP NNF
NJ, NJF, NJP NNC
NP, NPF NNCF
@ NU,NUH  NNCL
NUP, NUPJ  NNU
DE OEE 30 0SH00 000
(0) 1 2 3 4 5 6 7 8 C N NN Q
Radial bearings Thrust bearings
Width (B, T) Height (H)
(2] N | | @ o] 3 2]
H
T Diameter series
B D
V TE[
1|2
Dimension 3 4
series
—
AN
Bearing series Size
d/5
Code Bearing type Code Bearing type Code Bearing type
0 Double row angular contact ball bearing 7 Single row angular contact ball bearing QJ Four-point contact ball bearing
1 Self-aligning ball bearing 8 Cylindrical roller thrust bearing T Tapered roller bearing in accordance with
2 Spherical rpller bearing, spherical roller C CARB toroidal roller bearing IS0 355
thrust bearing N Cylindrical roller bearing. Two or more
3 Tapered roller bearing letters are used to idpntify_ the number of
4 Double row deep groove ball bearing the rows or the configuration of the
5 Thrust ball bearing &aﬁgss’ e.g. NJ, NU, NUP. NN, NNU,
6 Single row deep groove hall bearing
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Basic designations

Abasic designation typically contains three
to five digits. The basic designation system is
shown in table 4. The number and letter
combinations have the following meaning:

e The first digit or letter or combination of
letters identifies the bearing type and
eventually a basic variant.

¢ The following two digits identify the ISO
dimension series. The first digit indicates the
width or height series (dimensions B, T or
H). The second digit identifies the diameter
series (dimension D).

¢ The last two digits of the basic designation
identify the size code of the bearing bore.
The size code multiplied by 5 gives the
bore diameter (d) in mm.

The most important exceptions in the basic
bearing designation system are:

1 In a few cases the digit for the bearing type
or the first digit of the dimension series
identification is omitted. These digits are
shown in brackets in table 4.

2 Bearings with a bore diameter of 10, 12,
15 or 17 mm have the following size code
identifications:

00=10 mm
01=12mm
02=15mm
03=17mm

3 For bearings with a bore diameter
<10 mm, or > 500 mm, the bore diameter
is generally given in millimetres (uncoded).
The size identification is separated from
the rest of the bearing designation by an
obligue stroke, e.g. 618/8 (d = 8 mm) or
511/530 (d = 530 mm). This is also true for
standard bearings in accordance with
IS0 15 that have a bore diameter of 22, 28
or32mm, e.g. 62/22 (d = 22 mm).

akF

Basic bearing designation system

4 For some bearings with a bore diameter
<10 mm, such as deep groove, self-
aligning and angular contact ball bearings,
the bore diameter is also given in millime-
tres (uncoded) but is not separated from
the series designation by an obligue
stroke, e.g. 629 or 129 (d = 9 mm).

5 Bore diameters that deviate from the
standard bore diameter of a bearing are
uncoded and given in millimetres up to
three decimal places. This bore diameter
identification is part of the basic designation
and is separated by an oblique stroke, e.qg.
6202/15.875 (d = 15,875 mm = 5/8 in).

Bearing series

Bearing series designations consist of an
identification for the bearing type and the
dimension series. The most common series
designations are shown in table 4. The digits
in brackets belong to the system, but are not
used in the series designation in practice.

31
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Al Bearing basics

Prefixes and suffixes

The designations of most SKF rolling bear-
ings follow a system that consists of a basic
designation with or without one or more
prefixes and/or suffixes, as shown in
diagram 2.

Prefixes and suffixes provide additional
information about the bearing.

Prefixes are mainly used to identify com-
ponents of a bearing. They can also identify
bearing variants.

Suffixes identify designs or variants, which
differ in some way from the original design
or from the current basic design. The suffixes
are divided into groups. When more than
one special feature is to be identified, suffixes
are provided in the order shown in
diagram 2.

Details of the significance of specific pre-
fixes and suffixes are given in the relevant
product sections.

32

Bearing designations
not covered by the
basic system

Insert bearings

The designations for insert bearings differ
somewhat from those described in the basic
designation system and are described under
Insert bearings, page 339.

Needle roller bearings

The designations for needle roller bearings
do not fully follow the basic designation sys-
tem and are described under Needle roller
bearings, page 581.

Tapered roller bearings

The designations for metric tapered roller
bearings follow either the basic designation
system or a designation system, established
by IS0 in 1977, covered in IS0 355. Inch
tapered roller bearings are designated in
accordance with the relevant ANSI/ABMA
standard. The designation system is
explained under Tapered roller bearings,
page 665.

Customized bearings

Bearings designed to meet a specific cus-
tomer requirement are typically designated
by a drawing number. The drawing number
does not provide any information about the
bearing.

Other rolling bearings

Rolling bearings not covered in the ball bear-
ings and roller bearings sections, such as
super-precision bearings, thin section bear-
ings, slewing bearings or linear bearings,
follow designation systems that can differ
significantly from the basic designation
system.
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Basic bearing designation system

Diagram 2

Designation system

’ ‘ ’ ‘ ’ Group 1 Group 2 Group 3 ‘/ Group 4
41 [ 42 [ 43 ] 44 45 [ 46

Prefixes

Basic designation

Suffixes
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Group 1: Internal design

Group 2: External design (seals, snap ring groove, etc.)

Group 3: Cage design

Group 4.1: Materials, heat treatment

Group 4.2: Tolerance, clearance, preload, quiet running

Group 4.3: Bearing sets, matched bearings

Group 4.4: Stabilization

Group 4.5: Lubrication

Group 4.6: Other variants
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A.2 Tolerances

Tolerance classes and the corresponding
values for certain tolerance characteristics
are specified in 1ISO 492 (for radial bearings)
and IS0 199 (for thrust bearings). In 2014
these standards were aligned with general
ISO GPS (Geometrical Product Specification)
standards such as IS0 1101 and IS0 5459.
For additional information on ISO 492 and
IS0 199, and the changes that have been
made to their previous editions, refer to

the SKF e-learning platform
(skf.com/go/17000-learnGPS).

There are three common tolerance
classes for SKF ball and roller bearings
(table 1).

The product sections for the various bear-
ing types provide information on compliance
with applicable tolerance classes. The toler-
ance class of a bearing cannot always bhe
determined from its designation suffixes.
Where the tolerance class is standard for the
bearing, it is not specified in the designation
suffixes.

For information about SKF bearings that
have a tolerance class better than class 5,
refer to the SKF catalogue Super-precision
bearings or skf.com/super-precision.

Tolerance values

Actual tolerance values are listed in the
following tables.

Metric radial bearings, except tapered
roller bearings:

e Normal tolerances (table 2, page 38)
e P6 class tolerances (table 3, page 39)
e P5 class tolerances (table 4, page 40)

Metric tapered roller bearings:

e Normal and CL7C class tolerances
(table 5, page 41)

e CLN class tolerances (table 6, page 42)

e P5 class tolerances (table 7, page 43)

Inch radial bearings, except tapered roller
bearings:
e Normal tolerances (table 8, page 44)

Inch tapered roller bearings:

e Normal, CL2, CL3 and CLO class tolerances
(table 9, page 45)

Table1

Common tolerance classes for SKF ball and roller bearings

I1SO tolerance class

SKF designation Description

suffix
Normal - Minimum standard for all SKF
ball and roller bearings.
Class 6 P6 Tighter tolerances than
Normal.
Class 5 P35 Tighter tolerances than

class 6.
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Thrust bearings:

e Normal, P6 and P5 class tolerances
(table 10, page 46)

Tapered bore, taper 1:12:

e Normal, P6 and P5 class tolerances
(table 11, page 47)

Tapered bore, taper 1:30:
e Normal tolerances (table 12, page 48)

Where standardized, the values are in
accordance with IS0 492, IS0 199 and
ANSI/ABMA Std. 19.2.

Tolerance symbols

The tolerance symbols that we use are in
line with ISO 492 and 1SO 199 and are
explained in table 13, page 49. The symbols
normally refer to dimensional tolerances,
only Kia, Kea, 5d, SD, Sia and Sea refer to
geometrical tolerances.
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Diameter series
identification

The bore and outside diameter variation
tolerances tysp, and typsp for metric radial
bearings (table 2, page 38, to table 4,
page 40) vary depending on the diameter
series to which the bearing belongs. To
determine the diameter series, refer to
table 14, page 52.

Chamfer
dimensions

Minimum chamfer
dimensions

Minimum chamfer dimensions (fig. 1) are
listed in the product tables, for the radial (r4,
r3) and axial (r,, r,) directions. For metric
SKF bearings, these values are in accordance
with the general plans listed in the following
standards:

¢ |S0 15,150 12043 and IS0 12044 for
radial bearings

¢ |SQO 355 for radial tapered roller bearings

¢ |SO 104 for thrust bearings

Fig.1

Minimum and maximum chamfer
dimensions

1 min

T3 min
1 max
'3 max

2min__|

T4 min
T2 max

T4 max

akF

Maximum chamfer
dimensions

The maximum chamfer dimensions (fig. 1)

for the radial (ry, r3) and axial (rp, r,) directions,

appropriate to the respective minimum values
and the bore or outside diameter, are listed
in the following tables:

e Metric radial and thrust bearings, except
radial tapered roller bearings
(table 15, page 53)

e Metric radial tapered roller bearings
(table 16, page 53)

e Inch tapered roller bearings (table 17,
page 54)

The maximum chamfer dimensions
for metric SKF bearings are in accordance
with 1SO 582.

Example

What is the largest radial and axial value
(11 max @nd 15 ) for the chamfer of a 6211
deep groove ball bearing?

From the relevant product table,
M1.2min = L,5mmandd=55mm.

From table 15, with rg i, = 1,5 mm and
d <120 mm, the largest radial value
T1max = 2,3 mm and the largest axial value

5 max = & mm.

Chamfer dimensions
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A.2 Tolerances

Table 2
Normal tolerances for radial bearings, except tapered roller bearings
Inner ring
d tadmp?) tygsp") . tydmp taBs ) typs tia
Diameter series All Normal Modified3)
> < U L 7,8, 92 0,1 2,3, 4 u L L
mm pm um um um um um
- 2,5 0 -8 10 8 6 6 0 -40 - 12 10
2,5 10 0 -8 10 8 6 6 0 -120 -250 15 10
10 18 0 -8 10 8 6 6 0 -120 -250 20 10
0
§ 18 30 0 -10 13 10 8 8 0 -120 -250 20 13
© 30 50 0 -12 15 12 9 9 0 -120 -250 20 15
T 50 80 0 -15 19 19 11 11 0 -150 -380 25 20
o
= 80 120 0 -20 25 25 15 15 0 -200 -380 25 25
~ 120 180 0 -25 31 31 19 19 0 -250 -500 30 30
< 180 250 0 -30 38 38 23 23 0 -300 -500 30 40
250 315 0 -35 A A 26 26 0 -350 -500 35 50
315 400 0 -40 50 50 30 30 0 -400 -630 40 60
400 500 0 —45 56 56 34 34 0 -450 - 50 65
500 630 0 -50 63 63 38 38 0 -500 - 60 70
630 800 0 -75 - - - - 0 -750 - 70 80
800 1000 0 -100 - - - - 0 -1000 - 80 90
1000 1250 0 -125 - - - - 0 -1250 - 100 100
1250 1600 0 -160 - - - - 0 -1600 - 120 120
1600 2000 0 -200 - - - - 0 -2000 - 140 140
Outer ring
D taDmp typsp®) _ tyomp*)  tacs tves tiea
Open bearings Capped bearingsb)
Diameter series
> < U L 7,8,92 0,1 2,3, 4 2,3, 4
mm pm pm pm pm pm
23 18 0 -8 10 8 6 10 6 Identical to typgand 15
18 30 0 =9 12 9 7 12 7 tygs of aninnerring 15
30 50 0 -11 14 11 8 16 8 of the same bearing 20
as the outer ring
50 80 0 -13 16 13 10 20 10 25
80 120 0 -15 19 19 11 26 11 35
120 150 0 -18 23 23 14 30 14 40
150 180 0 -25 31 31 19 38 19 45
180 250 0 -30 38 38 23 - 23 50
250 315 0 -35 IA Lt 26 - 26 60
315 400 0 -40 50 50 30 - 30 70
400 500 0 —45 56 56 34 - 34 80
500 630 0 -50 63 63 38 - 38 100
630 800 0 -75 94 94 55 - 55 120
800 1000 0 -100 125 125 75 - 75 140
1000 1250 0 -125 - - - - - 160
1250 1600 0 -160 - - - - - 190
1600 2000 0 -200 - - - - - 220
2000 2500 0 -250 - - - - - 250

1) Tolerances for tapered bores (table 11, page 47 and table 12, page 48).

2) Diameter series 7 and 8 not covered by ISO 492.

3) Applies to inner rings and outer rings of bearings of matched bearing sets consisting of two or more bearings. Does not apply to universally matchable angular contact ball bearings.
4) Applies to bearings prior to mounting and after removal of internal or external snap ring.

5) Capped bearings are sealed or shielded bearings.
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Tolerance values

Table 3

Pé class tolerances for radial bearings, except tapered roller bearings
Inner ring
d tadmp?) tygsp?) , tydmp taBs typs tia

Diameter series
> < U L 7,8,92) 0,1 2,3, 4 All Normal Modified3)
mm pm pum pm pm pm pm
- 2,5 0 -7 9 7 5 5 0 -40 - 12 5
2,5 10 0 -7 9 7 5 5 0 -120 -250 15 6
10 18 0 -7 9 7 5 5 0 -120 -250 20 7

0
18 30 0 -8 10 8 6 6 0 -120 -250 20 8 §
30 50 0 -10 13 10 8 8 0 -120 -250 20 10 =]
50 80 0 -12 15 15 9 9 0 -150 -380 25 10 T
o

80 120 0 -15 19 19 11 11 0 -200 -380 25 13 =
120 180 0 -18 23 23 14 14 0 -250 -500 30 18 o
180 250 0 -22 28 28 17 17 0 -300 -500 30 20 <
250 315 0 -25 31 31 19 19 0 -350 -500 35 25
315 400 0 -30 38 38 23 23 0 -400 -630 40 30
400 500 0 -35 4t 4t 26 26 0 -450 - 45 35
500 630 0 -40 50 50 30 30 0 -500 - 50 40
630 800 0 -50 - - - - 0 -750 - 60 45
800 1000 0 -60 - - - - 0 -1 000 - 60 50
1000 1250 0 -75 - - - - 0 -1250 - 70 60
1250 1 600 0 -90 - - - - 0 -1 600 - 70 70
1 600 2000 0 -115 - - - - 0 -2 000 - 80 80
Outer ring
D tADmp typsp®) _ tyomp®)  tacs tvcs tiea

Open bearings Capped bearingsb)

Diameter series
> < U L 7,8,92 0,1 2,3, 4 0,1,2,3,4
mm pm um pm pm
2,5 18 0 -7 9 7 5 9 5 Identicalto tyggand 8
18 30 0 -8 10 8 6 10 6 tygsof aninnerring 9
30 50 0 -9 11 9 7 13 7 of the same bearing 10

as the outer ring

50 80 0 -11 14 11 8 16 8 13
80 120 0 -13 16 16 10 20 10 18
120 150 0 -15 19 19 11 25 11 20
150 180 0 -18 23 23 14 30 14 23
180 250 0 -20 25 25 15 - 15 25
250 315 0 =25 31 31 19 - 19 30
315 400 0 -28 35 35 21 - 21 35
400 500 0 -33 41 41 25 - 25 40
500 630 0 -38 48 48 29 - 29 50
630 800 0 —45 56 56 34 - 34 60
800 1000 0 —60 75 75 45 - 45 75
1000 1250 0 =75 - - - - - 85
1250 1 600 0 -90 - - - - - 100
1600 2000 0 -115 - - - - - 100
2000 2500 0 -135 - - - - - 120

1) Tolerances for tapered bores (table 11, page 47).

2) Diameter series 7 and 8 not covered by ISO 492.

3) Applies to inner rings and outer rings of bearings of matched bearing sets consisting of two or more bearings. Does not apply to universally matchable angular contact ball bearings.
4) Applies to bearings prior to mounting and after removal of internal or external snap ring.

5) Capped bearings are sealed or shielded bearings.
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A.2 Tolerances

Table 4
P5 class tolerances for radial bearings, except tapered roller bearings
Inner ring
d tadmp?) tygsp?) i tvdmp tas . tvgs ki tsq tsia?)
Diameter series All Normal  Modified4)
> < U L 7,8,92  0,1,2,3,4 u L L
mm pm pm pm um um pm um um
- 2,5 0 -5 5 4 3 0 -40 -250 5 4 7 7
2,5 10 0 -5 5 4 3 0 —-40 -250 5 4 7 7
10 18 0 -5 5 4 3 0 -80 -250 5 4 7 7
(")
§ 18 30 0 ) 6 5 3 0 -120 -250 5 8 8
© 30 50 0 -8 8 6 4 0 -120 -250 5 5 8 8
T 50 80 0 -9 9 7 5 0 -150 -250 6 8 8
o
= 80 120 0 -10 10 8 5 0 -200 -380 7 6 9 9
o~ 120 180 0 -13 13 10 7 0 -250 -380 8 8 10 10
< 180 250 0 -15 15 12 8 0 -300 -500 10 10 11 13
250 315 0 -18 18 14 9 0 =350 -500 13 13 13 15
315 400 0 =23 23 18 12 0 -400 -630 15 15 15 20
400 500 0 -28 28 21 14 0 —-450 - 18 17 18 23
500 630 0 -35 35 26 18 0 -500 - 20 19 20 25
630 800 0 -45 - - - 0 -750 - 26 22 26 30
800 1000 0 -60 - - - 0 -1000 - 32 26 32 30
1000 1250 0 -75 - - - 0 -1250 - 38 30 38 30
1250 1 600 0 -90 - - - 0 -1600 - 45 I5 45 30
1 600 2000 0 -115 - - - 0 -2000 - 55 40 55 30
Outer ring
D tADmp typsp?) , tyomp  tacs tves  tkea  tsp®)  tsead
Diameter series
> < U L 7,8,92 0,1,2,3,4
mm pm pm pm pm pm um pm
2,5 18 0 -5 5 4 3 Identical to tpgs of 5 5 4 8
18 30 0 ) 6 5 3 an inner ring of the 5 6 4 8
30 50 0 -7 7 5 4 same bearing as the 5 7 4 8
outer ring
50 80 0 -9 9 7 5 6 8 4 10
80 120 0 -10 10 8 5 8 10 4,5 11
120 150 0 -11 11 8 6 8 11 5 13
150 180 0 -13 13 10 7 8 13 5 14
180 250 0 -15 15 11 8 10 15 5,5 15
250 315 0 -18 18 14 9 11 18 6,5 18
315 400 0 -20 20 15 10 13 20 6,5 20
400 500 0 -23 23 17 12 15 23 7,5 23
500 630 0 -28 28 21 14 18 25 9 25
630 800 0 -35 B5 26 18 20 30 10 30
800 1000 0 -50 50 29 25 25 35 125 -
1000 1250 0 -63 - - - 30 40 15 -
1250 1 600 0 -80 - - - 35 45 175 -
1 600 2000 0 -100 - - - 38 55 20 -
2000 2500 0 -125 - - - 45 65 25 -

1) Tolerances for tapered bores (table 11, page 47).

2) Diameter series 7 and 8 not covered by IS0 492.

3) Applies to groove ball bearings only, except for self-aligning ball bearings.

4) Applies to inner rings and outer rings of bearings of matched bearing sets consisting of two or more bearings. Does not apply to universally matchable angular contact ball bearings.

5) No values have been established for capped (sealed or shielded) bearings.

6) Tolerance values have become half the values in accordance with the revised ISO standard because SD is defined as perpendicularity of outer ring outside surface axis with respect to datum established
from the outer ring face.
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Tolerance values

Table 5
Normal and CL7C class tolerances for metric tapered roller bearings
Inner ring, bearing width and ring widths
d tadmp tvasp  tvamp  faBs tia taTs taTas taT2s
Tolerance classes
Normal CL7C1)
> < U L U L u L U L u L
mm pm um um pm um um pm um
10 18 0 -12 12 9 0 -120 15 7 200 O 100 O 100 O
18 30 0 -12 12 9 0 -120 18 8 200 O 100 O 100 O
30 50 0 -12 12 9 0 -120 20 10 200 O 100 O 100 O &
o

50 80 0 -15 15 11 0 -150 25 10 200 O 100 O 100 O 5
80 120 0 -20 20 15 0 -200 30 13 200 -200 100 -100 100 -100 T
120 180 0 -25 25 19 0 -250 35 - 350 -250 150 -150 200 -100 '_2'
180 250 0 -30 30 23 0 -300 50 - 350 -250 150 -150 200 -100 N
250 315 0 =35 35 26 0 -350 60 - 350 -250 150 -150 200 -100 <
315 400 0 —-40 40 30 0 -400 70 - 400 -400 200 -200 200 -200
Outer ring
D tADmp tVDsp tVDmp tACs tKea

Tolerance classes

Normal  CL7C2)
> < U L U L
mm pm pm pm pm pm
18 30 0 -12 12 9 0 -120 18 9
30 50 0 14 14 11 0 -120 20 10
50 80 0 -16 16 12 0 -150 25 13
80 120 0 -18 18 14 0 -200 35 18
120 150 0 -20 20 15 0 -250 40 20
150 180 0 =25 25 19 0 -250 45 23
180 250 0 -30 30 23 0 -300 50 -
250 315 0 -35 35 26 0 -350 60 -
3