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Cylindrical roller bearings

Three different designs

SKF high-precision cylindrical roller
bearings are available in three different
designs: two double row series NN 30 and
NNU 49 and a high-speed design, single
row cylindrical roller bearing series N 10.
NNU 49 series offer especially compact
dimensions and may be preferred when

limited room is available. The NN 30 series
offers an optimum compromise between
achievable speed and high rigidity and
represents one of the more popular
choices, particularly for the spindles rear-
side support. Whenever demand for
rotational speed exceeds the standard
series capability, then the single row
series N 10 may be the solution.

Double row cylindrical
roller bearings

SKF high-precision double row cylindrical
roller bearings are available in two different
designs: NN (O fig [ll) and NNU (O fig )
designs, and two series: Dimension Series
30 and 49 (O fig E1).

The rollers of NN design bearings are
guided between integral flanges on the
inner ring, while rollers of NNU design
bearings are guided between integral
flanges on the outer ring. The other ring
has no flanges. This means that a certain
amount of axial displacement of the shaft
with respect to the housing in both directions
can be accommodated within the bearing
(see dimension ‘s’ in the product tables).

These bearings are also separable, and
the bearing ring with integral flanges,
together with the roller and cage assembly,
can be withdrawn from the flangeless ring.
This facilitates mounting and dismounting.

Double row high-
precision cylindrical precision cylindrical
roller bearing, NN roller bearing, NNU
design design

Fig Fig

Double row high-

[ ]
=

The NN design bearings listed in this
catalogue follow ISO Dimension Series 30,
whereas the NNU design bearings follow
ISO Dimension Series 49. Bearings of
series NNU 49 with their very low cross-
section, permit stiffer bearing arrangements
than those of series NN 30, but are not able
to carry such heavy loads as the NN 30
series bearings.

SKF double row cylindrical roller bearings
are available with either cylindrical bore 3
or tapered bore (with a taper 1:12). In the
machine tool industry, cylindrical roller
bearings are generally supplied with a
tapered bore, as this design allows a certain
radial internal clearance or preload to be
achieved by adjustment, when mounting
bearings on a tapered shaft.

In order to facilitate efficient lubrication,
bearings of series NNU 49, that have very
low cross section, have an annular groove
and three lubrication holes in the outer ring
as standard (W33 designation). Oil spot
pipes can be either inserted in the holes in

A cross section of the two dimension series

Fig

e IO

NNU 49 NN 30 N 10
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the annular groove, or positioned at the side
of the bearings at a height specified in the
table shown in the lubrication section of
this publication. Bearings of series NN 30,
that are mostly used in the machine tool
spindles, are manufactured without this
feature as the oil is commonly injected
through pipes positioned at the side of the
bearing. For special applications where
bearings of the NN 30 series with the
annular groove and the three lubrication
holes in the outer ring are necessary,
please contact the SKF applications
engineering service.

In cases where demand for running
accuracy is exceptionally high, it is possible
to mount the flangeless ring of bearings
of series NNU 49, on to the shaft and to
finish-grind the raceway and other seating
surfaces of the shaft.

For such applications, SKF can supply
bearings of series NNU 49 having a tapered
bore fitted with inner rings with pre-ground
raceways. Such bearings are identified by
the designation suffix VU001 (O Table [ER).

Table
Bearing Grinding
bore diameter allowance
over incl.
mm mm
- 110 0,2
110 360 0,3
360 - 0,4

Single row cylindrical
roller bearings

The single row bearings series N 10
(O fig El) have the same section height
as the double row bearings of series NN 30
and follow ISO Dimension Series 10. The
rollers of series N 10 bearings are guided
between two integral flanges on the inner
ring; the outer ring is without flanges. It is
therefore possible for a certain amount of
axial displacement of the shaft with respect
to the housing to be accommodated within
the bearing (see bearing tables).They are
available with a tapered bore only (taper
1:12) and as with double row bearings,
single row bearings are separable, i.e. the
inner ring with roller and cage assembly can
be withdrawn from the flangeless outer ring.
High-precision single row cylindrical
roller bearings are designed for bearing
arrangements with different requirements
from those for double row cylindrical roller
bearings. Instead of very high load carrying
capacity, single row cylindrical roller bearings
are used where increased speed capability
and more compact spindle design are
needed.

Fig Single row
high-precision
cylindrical roller
bearing

Hybrid cylindrical
roller bearings

SKF high-precision cylindrical roller
bearings series NN 30 and N 10 can be
delivered with ceramic rollers when the
performances required cannot be met by
all-steel bearings. As mentioned for hybrid
high-precision angular contact ball bearings,
hybrid cylindrical roller bearings can run
faster, with lower temperature rise and
enhance the system rigidity, without
mentioning that they minimise lubrication
and vibrations, and are less sensible to
accelerations and decelerations. In order
to exploit the best possibilities in terms

of speed, the use of ceramic rollers is
normally matched with that of a one-piece
outer ring land riding PEEK cage.
High-precision single row cylindrical roller
bearings with a PEEK cage and ceramic
rollers can reach a reference speed of
2 million n x d,;, when lightly loaded and
oil-air lubricated, and of 1,4 million n x d,,
when grease lubricated. As an option to
further improve lubricant flow, bearings
of series N 10 with special holes in the 3
outer ring may be ordered.

Hybrid cylindrical roller bearings are
identified by the suffix HC5 in the bearing
designation.
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General bearing data

Dimensions

The boundary dimensions of the double row
bearings shown in the tables conform to
ISO 15:1998, Dimension Series 49 and 30.
Single row bearings conform to ISO
Dimension Series 10.

Tolerances

SKF high-precision cylindrical roller bearings
are produced as standard to the tolerance
class SP (special precision) specifications

Measuring of angle deviation
Tapered bore

Half angle of taper a = 2° 23' 9,4" 1

Largest theoretical taper d; =d + 715 B

needed for machine tool applications.
Tolerance class SP specifies dimensional
accuracy which corresponds approximately
to tolerance class P5 and running accuracy
to P4. For special applications where extreme
precision is required, tolerance class UP
(ultra precision) can be supplied to order.
Tolerance class UP specifies dimensional
accuracy which corresponds approximately
to tolerance class P4 and running accuracy
better than P4.

The values for class SP and UP
tolerances are given in Tables [€],
186 and page 187.

page

Fig

B
‘ﬁa m ajr
d; -— - d dg+A
‘ i = o i ‘J

-f—— -— * CdHA

AaZmpiAaZmp

2

Table

Chamfer Bearing bore Measuring
dimension, diameter distance
T2 min® d a

over incl.
mm mm mm
0,6 - - 2,5
1 - - 3,5
1,1 - 120 4

120 - 5
1,5 — 120 5

120 - 6
2 - 80 515

80 220 6

220 - 7
21 - 280 7,5

280 - 8,5
25 - 280 7,5

280 - 8,5
3 - = 9,5
4 - - 11
U 1, min Values are given in the product tables (0 pages 195-211)

Angle deviation — measuring distance a
Tolerances for tapered bore, taper 1:12
Table

Tolerance class SP

Tolerance class UP

d Adzmp Vdp Adsmp'AdZmpl) Adzmp Vdp Adamp'AdZmpn
over incl. high low max high low high low max high low
mm pum um pum um um um
18 30 +10 0 3 +4 +1 +6 0 2 +3 +1
30 50 +12 0 4 +4 +1 +8 0 3 +3 +1
50 80 +15 0 5] +4 +1 +9 0 3 +3 +1
80 120 +20 0 5 +7 +2 +10 0 4 +4 +1
120 180 +25 0 7 +7 +2 +13 0 5 +4 +1
180 250 +30 0 8 +8 +2 +15 0 7 +5 +1
250 315 +35 0 9 +10 2 +18 0 9 HD +1
1 Angular deviation over measuring length m (O fig and Table )

185
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Table Table
Inner ring Inner ring
d Ads Vdp ABS VBs Kla Sd d Ads Vdp ABS VBs Kla Sd
over incl. high low max high low max max max over incl. high low max high low max max max
mm pm pum pum pm pm pm mm pm pum pum pm pm pm
- 18 0 -5 3 0 -100 5 3 8 - 18 0 -4 2 0 -25 15 15 2
18 30 0 -6 3 0 -100 5 3 8 18 30 0 -5 3 0 -25 15 15 3
30 50 0 -8 4 0 -120 5 4 8 30 50 0 -6 3 0 -30 2 2 3
50 80 0 -9 5 0 -150 6 4 8 50 80 0 -7 4 0 —-40 2 4 3
80 120 0 -10 5 0 —200 7 5 9 80 120 0 -8 4 0 -50 3 3 4
120 180 0 -13 7 0 —250 8 6 10 120 180 0 -10 5 0 —60 4 3 5
180 250 0 -15 8 0 —-300 10 8 11 180 250 0 -12 6 0 75 5 4 6
250 315 0 -18 9 0 —-350 13 8 13 250 315 0 -18 9 0 —90 6 5 6
Outer ring Outer ring
D Aps VDp Acs Ves Kea Sp D Aps VDp Acs Ves Kea Sp
over incl. high low max high low max max max over incl. high low max high low max max max
mm um um um pum pum um mm um um um pum pum pum
30 50 0 -7 4 Values are identical 5 5 8 30 50 0 -5 & Values are identical 2 3 2
50 80 0 -9 5 to those for inner 6 5 8 50 80 0 -6 3 to those for inner & 3 2
80 120 0 -10 5 ring of same 7 6 9 80 120 0 -7 4 ring of same 3 3 3
120 150 0 -11 6 bearing 7 7 10 120 150 0 -8 4 bearing 4 4 3
150 180 0 -13 7 8 8 10 150 180 0 -9 5 4 4 3
180 250 0 -15 8 10 10 11 180 250 0 -10 5 © & 4
250 315 0 -18 9 13 11 13 250 315 0 -12 6 6 6 4
315 400 0 -20 10 15 13 13 315 400 0 -14 7 8 7 5
400 500 0 -23 12 25 15 15 400 500 0 -23 12 10 8 -
Class SP tolerances for radial bearings Class UP tolerances for radial bearings
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Radial internal clearance

High-precision cylindrical roller bearings
actual clearance limits are in accordance
with ISO 5753:1991. Cylindrical roller
bearings for precision applications are
supplied with C1 radial internal clearance
class as standard, although this is not
apparent from the bearing designation. The
bearing rings of individual bearings must be
kept together as supplied, otherwise the
bearing clearance may become too great
or too small, thus influencing the assembly
procedures. The bearings are usually
supplied packed in a single box, however,
if the rings are packed separately, the rings
of each bearing are identified by the same
serial number. Bearings of the N 10 and
NN 30 series can also be supplied on

request, with reduced radial clearance
(smaller than C1) for enhanced precision
after mounting. Please consult the SKF
application engineering service for more
details.

Both series NNU 49 and NN 30 bearings
may be supplied with larger radial internal
clearance for certain applications, as required.
When ordering, the desired clearance
should be indicated in the designation
using the suffixes SP or UP, followed by
the suffix for the requested clearance, C2,
CN (for Normal radial clearance) or C3,
for example NN 3026 K/SPC2.

Cylindrical roller bearing clearance
values are given in Table [&. They are
valid for unmounted bearings under zero
measuring load.

Table
Bore Radial internal clearance
diameter Bearings with cylindrical bore Bearings with tapered bore
d C1 SPC2 Normal Cc3 C1 SPC2
over incl. min max min max min max min max min max  min max
mm pm um um pum pum pum
24 30 5 15 10 25 20 45 35 60 15 25 25 35
30 40 5 15 12 25 25 50 45 70 15 25 25 40
40 50 5 18 15 30 30 60 50 80 17 30 30 45
50 65 5 20 15 35 40 70 60 90 20 35 85 50
65 80 10 25 20 40 40 75 65 100 25 40 40 60
80 100 10 30 25 45 50 85 75 110 35 55 45 70
100 120 10 30 25 50 50 90 85 125 40 60 50 80

120 140 10 35 30 60 60
140 160 10 35 35 65 70
160 180 10 40 35 75 75
180 200 15 45 40 80 90
200 225 15 50 45 90 105
225 250 15 50 50 100 110
250 280 20 55 55 110 125

105 100 145 45 70 60 90

120 115 165 50 75 65 100
125 120 170 55 85 75 110
145 140 195 60 90 80 120
165 160 220 60 95 90 135
175 170 235 65 100 100 150
195 190 260 75 110 110 165

Preload

To ensure maximum running accuracy and
rigidity, high-precision cylindrical roller
bearings should have, after mounting, a
minimum radial internal clearance or

a preload. Generally, cylindrical roller
bearings with tapered bore are mounted
with preload.

The magnitude of the operational
clearance or preload depends on the speed,
load, lubrication and required stiffness.

It is also dependent on the accuracy of
form of the bearing seating. Temperature
conditions in the bearing should also be
taken into consideration, since a reduction
in clearance or an increase in preload may
result. The following table gives guidelines
on preloading cylindrical roller bearings
series NN 30 K and N 10 K for machine
tool applications. For special cases, please
consult SKF.

Preload/clearance
(microns)

=< 500 000 2-5, preload
>500000<1000000 1-2,preload

> 1000000 0-—4, clearance

Speed - nd,, value

Preloading bearings

The adjustment of clearance, or preload

for double and single row cylindrical roller

bearings with tapered bore, is achieved by

driving up the bearing on its tapered seating.

The SKF gauges shown on pages 286 —295

enable the internal clearance, or preload to

be set very accurately, quickly and reliably.
The use of a gauge is particularly

advantageous where series mounting

is concerned, as it is then not possible

to determine and measure the axial

displacement of the inner ring.

If SKF gauges are not available, the axial
displacement of the inner ring on its tapered
seating must be determined, in accordance
with the required clearance or preload.

In order to do this the outer ring should be
mounted in the housing, the inner ring then
pushed on the seating and the residual
clearance measured.

Knowing the residual radial clearance,

the axial displacement i.e. the additional 3
distance through which the bearing must

be pushed up on its tapered seating can be
obtained from:

B =L -ec/1000

where

B = width of spacer, mm

L =measured distance between inner ring
side face and abutment, mm

¢ = measured clearance plus required
preload (or minus required clearance),
pum

e = factor depending on the ratio of the
internal diameter (d;) and the outside
diameter (d) of the hollow spindle
fig &l page 190, see table below.

Diameter Factor e

Ratio Bearing series

di/d NN 30 K & NNU 49 BK
N10 K

<0,2 12,5 12

0,3 14,5 13

0,4 15 14

0,5 16 15

0,6 17 16

0,7 18 17
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3 Cylindrical roller bearings - yw\ww _bergab.ru Bepr AB bergab@ya.ru Ten. (495)-228-06-21, dakc (495) 223-3071

If a threaded nut is used for driving up the
inner ring assembly on the tapered seating,
the angle through which the nut should be
turned for a given clearance reduction of
the bearing can be calculated from the
equation:

y = 360 e A/(1 000 s)

where

y =angle of turn of the nut, degrees

e = factor depending on shaft diameters
A = clearance reduction in bearing, pm
s =thread lead, mm

A detailed description of the mounting
procedure for high-precision cylindrical
roller bearings is given in the Mounting
Chapter (O pages 79-109).

Cages

SKF double row cylindrical roller bearings
are fitted as standard with a single piece
machined brass cage, or with two separate
pronged cages with cover, made of
polyamide. Single row bearings of the series

Spindle wall thickness

Shaft tapered seating

N 10 K incorporate the same pronged
polyamide cages as the corresponding

NN 30 K series bearings. Bearings with
polyamide cages, NN 3008 to NN 3026
and N 1008 K to N 1024 K (identified by
designation suffix TN or TN9), may be used
without restriction at the temperatures
normally encountered in machine tool
operation, up to a maximum of 120°C.

For high-speed applications a ‘one piece’
design outer ring land-riding cage made
of light weight glass fibre reinforced poly-
ether-ether-ketone (PEEK) is available.
This cage is identified by the suffix TNHA
in the designation.

The lubricants generally used for rolling
bearings have no detrimental effect on
cage properties, with the exception of
some synthetic oils and greases based
on synthetic oils. If lubricants containing
a high proportion of EP additives are used,
especially at elevated temperatures, this
may affect cage performance. For more
details, please consult the SKF application
engineering service.

Fig B

Shaft axis

Speed ratings

The speed ratings quoted in the product
tables are guideline values that are valid
provided the bearings have a maximum
preload in operation of 2 ym, and that
adjacent components are made with the
accuracy prescribed on pages 48 —50.
Where heavier preloads occur, or where the
adjacent components are less accurate,

the speed ratings must be reduced.

Design of associated components

If bearings of series NN 30 (K) and series
N 10 K fitted with a polyamide cage (sizes
08 to 26 inclusive; designation suffix TN
or TN9) are to permit axial displacement
of the shaft with respect to the housing,

to be taken up in the bearing, space must
be provided at the sides of the bearing

as shown in fig [id. This prevents damage,
such as the cage fouling the face of an
adjacent component. The minimum width
of this free space should be

C.=13s

Permissible axial displacement
from the normal position of one
bearing ring in relation to the other

Fig

Ca Cﬁ

where

C, = minimum width of free space, mm;

s =permissible axial displacement from
the normal position of one bearing ring
in relation to the other, mm (see product
tables).

To facilitate mounting and dismounting of
bearings with tapered bore of larger sizes
(from bore diameters of approximately

80 mm), it is advisable to use the SKF oil 3
injection method, where oil under high
pressure is injected between the bearing
bore and its seating. This considerably
reduces the force needed to mount or
dismount the bearing and practically
eliminates the risk of damaging the bearing
or the spindle. Where bearings with
cylindrical bore are concerned, the oil
injection method is used only for dismounting.
In order to use the oil injection method it is
necessary to provide shafts and/or housings
with ducts and distribution grooves. Details
of the recommended dimensions and
thread for the oil supply connection are
provided on request.
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Equivalent static
bearing load

Equivalent dynamic
bearing load

For cylindrical roller bearings which can
only accommodate radial load

PO = Fr
P=F

For the same reason mentioned before:

Designation of high-precision
cylindrical roller bearings

The complete designation of a high-precision
cylindrical roller bearing identifies the series,
bore diameter, bore shape, cage type and
design, as well as the suffix indicating the
tolerance class e.g. NN 3014 KTN/SP.
Additional digits may be added to identify
bearings incorporating special features,
such as: special clearance, special
tolerances, etc. Please consult SKF for
precise information.

The designation scheme of SKF high-
precision cylindrical roller bearings is shown
in Table page 194.

Supplementary designations
- specific suffixes

Cylindrical roller bearings are available with
information about the exact outside diameter.
This information is marked on the box as
well as on an inspection sheet inside the
box. Bearings supplied with this information
and also with the actual clearance specified
have the additional suffix VR521, VR522 or
VQ496 (also including smaller clearance
than standard).
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Product tables

INN30|20| |[K|TNO|/|HCs|sP|waslvRs2i |

Bearing series
NNU 49 Double row cylindrical roller bearing,
ISO dimension series 49,
flanges of the outer ring
NN 30 Double row cylindrical roller bearing,
ISO dimension series 30,
flanges of the inner ring
N 10 Single row cylindrical roller bearing,
1SO dimension series 10, 3
flanges of the inner ring

Bore diameter

05 (x5) 25 mm bore diameter
|

48 (x5) 240 mm bore diameter

Internal design

B Internal design code (NNU 49 series only)

Bore shape

- Cylindrical bore (NNU 49 and NN 30 series
only)

K Tapered bore 1:12

Cage design and material
- Rolling elements riding, brass
TNHA Outer ring land-riding, glass fibre reinforced

PEEK

TN Rolling elements riding, Polyamide 6,6

TN9 Rolling elements riding, grass fibre reinforces
Polyamide 6,6

Rolling element material
- Chromium steel

HC5 Silicon nitride
Precision class
SP Special precision (P4 running accuracy)
UP Ultra precision (running accuracy better
than P4)
Lubrication
w33 Groove and lubrication holes in the outer ring (on request for NN 30 series)
Other

V numbers Further specific information about the bearing

Designations of high-precision
cylindrical roller bearings

194 www.bergab.ru bepr Ab bergatB@®V¥a.ru Ten. (498%828-06-21, cpakc (495) 223-3071 195



High-precision double row cylipgippgy'By@refaty¥u Bepr Ab bergab@ya.ru Ten. (495)-228-06-21, cakc (495) 223-3071

d 25—-80 mm

S,

— ~—B— =
S = fa fa . o
=20 = 1o -
y — ) n | : fa [
2 a
Dy F d D E dy d da Da dy Da Da da d, Dada dp
I | .
—= = S N = ) - =L L = — 3
NNU 49 B/W33 NNU 49 BK/W33 NN 30 NN 30 KTN
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d,D; EF b K 2 s da da dp D, D, ra
= min min max min max min max
mm N N r/min kg - mm mm
25 47 16 26 000 30000 3100 19000 22000 0,12 NN 3005 K 25 33,3 41,3 - - 0,6 1,4 29 - - 43 42 0,6
30 55 19 30800 37500 3900 16 000 18000 0,19 NN 3006 TN 30 39,7 48,5 - - 1 18 35 - - 50 49 1
55 19 30800 37500 3900 16 000 18000 0,19 NN 3006 KTN 39,7 48,5 - - 1 18 35 - - 50 49 1
35 62 20 39100 50000 5400 14000 16 000 0,25 NN 3007 35 45,4 55 - - 1 1,8 40 - - 57 56 1
62 20 39100 50 000 5400 14000 16 000 0,25 NN 3007 K 45,4 55 - - 1 1,8 40 - - 57 56 1
40 68 21 42900 56 000 6480 12000 14000 0,3 NN 3008 TN 40 50,6 61 - - 1 1,3 45 - - 63 62 1
68 21 42900 56 000 6480 12000 14000 0,3 NN 3008 KTN 50,6 61 - - 1 1,3 45 - - 63 62 1
45 75 23 50100 65500 7650 11000 13000 0,38 NN 3009 TN 45 56,3 67,5 - - 1 2 50 - - 70 69 1
75 23 50100 65500 7 650 11000 13000 0,38 NN 3009 KTN 56,3 67,5 - - 1 2 50 - - 70 69 1
50 80 23 52800 73500 8500 10000 12000 0,42 NN 3010 TN 50 61,3 72,5 - - 1 2 55 - - 75 74 1
80 23 52800 73500 8500 10000 12000 0,42 NN 3010 KTN 61,3 72,5 - - 1 2 55 - - 75 74 1
55 90 26 69 300 96 500 11600 9500 11000 0,62 NN 3011 TN 55 68,2 81 - - 11 2 61,5 - - 83,5 82 1
90 26 69300 96 500 11600 9500 11000 0,62 NN 3011 KTN 68,2 81 - - 11 2 61,5 - - 83,5 82 1
60 95 26 73700 106 000 12700 9000 10000 0,66 NN 3012 TN 60 73,3 86,1 - - 1,1 2 66,5 - - 88,5 87 1
95 26 73700 106 000 12700 9000 10000 0,66 NN 3012 KTN 73,3 86,1 - - 1,1 2 66,5 - - 88,5 87 1
65 100 26 76 500 116 000 13700 8500 9500 0,71 NN 3013 TN 65 78,2 91 - - 1,1 2 71,5 - - 93,5 92 1
100 26 76 500 116 000 13700 8500 9500 0,71 NN 3013 KTN 78,2 91 - - 1,1 2 71,5 - - 93,5 92 1
70 110 30 96 800 150 000 17 300 7500 8500 1 NN 3014 TN 70 85,6 100 - - 1,1 25 76,5 - - 1035 101 1
110 30 96 800 150 000 17 300 7500 8500 1 NN 3014 KTN 85,6 100 - - 1,1 2,5 76,5 - - 1035 101 1
75 115 30 96 800 150 000 17600 7000 8000 11 NN 3015 TN 75 90,6 105 - - 11 2,5 81,5 - - 108,5 106 1
115 30 96 800 150 000 17600 7000 8000 11 NN 3015 KTN 90,6 105 - - 11 25 81,5 - - 108,5 106 1
80 125 34 119000 186 000 22000 6700 7500 15 NN 3016 TN 80 97 113 - - 11 3 86,5 - - 1185 114 1
125 34 119000 186 000 22000 6700 7500 15 NN 3016 KTN 97 113 - - 1,1 3 86,5 - - 1185 114 1
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d 85—130 mm

S,

— ~—B— =
=) S = fa fa . o
i T == [ S T e 1
Y — n - 1 I f
2 a
Dy F d D E dy d da Da dy Da Da da d, Dada dp
I | .
—= = S N = ) - =L L = — 3
NNU 49 B/W33 NNU 49 BK/W33 NN 30 NN 30 KTN
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d,D; EF b K 2 s da da dp D, D, ra
= min min max min max min max
mm N N r/min kg - mm mm
85 130 34 125000 204 000 23200 6300 7000 1,55 NN 3017 TN9 85 102 118 - - 1,1 25 91,5 - - 123,5 119 1
130 34 125000 204 000 23200 6300 7000 1,55 NN 3017 KTN9 102 118 - - 11 25 91,5 - - 1235 119 1
90 140 37 138000 216 000 26 000 6000 6700 1,95 NN 3018 TN9 90 109 127 - - 15 2,8 98 - - 132 129 1,5
140 37 138000 216 000 26 000 6000 6700 1,95 NN 3018 KTN9 109 127 - - 15 2,8 98 - - 132 129 1,5
95 145 37 142000 232000 27500 5600 6300 2,05 NN 3019 TN9 95 114 132 - - 15 2,8 103 - - 137 134 1,5
145 37 142000 232000 27500 5600 6300 2,05 NN 3019 KTN9 114 132 - - 15 2,8 103 - - 137 134 15
100 140 40 128 000 255000 29000 5600 6300 19 NNU 4920 B/W33 100 126 113 55 3 1,1 1,1 1,7 106,5 111 116 - 1
140 40 128 000 255000 29000 5600 6300 1,8 NNU 4920 BK/W33 126 113 55 3 1,1 1,1 1,7 106,5 111 116 - 1
150 37 151 000 250000 29000 5300 6000 2,1 NN 3020 TN9 119 137 - - 1,5 2,8 108 - - 142 139 15
150 37 151 000 250000 29000 5300 6000 2,1 NN 3020 KTN9 119 137 - - 1,5 2,8 108 - - 142 139 15
105 145 40 130000 260000 29000 5300 6000 2 NNU 4921 B/W33 105 131 118 55 3 1,1 1,1 1,7 111,5 116 121 - 1
145 40 130000 260000 29000 5300 6000 1,9 NNU 4921 BK/W33 131 118 55 3 11 11 1,7 1115 116 121 - 1
160 41 190 000 305000 36 000 5000 5600 2,7 NN 3021 TN9 125 146 - - 2 18 115 - - 150 148 2
160 41 190000 305000 36 000 5000 5600 2,7 NN 3021 KTN9 125 146 - - 2 18 115 - - 150 148 2
110 150 40 132000 270000 30000 5300 6000 2,05 NNU 4922 B/W33 110 136 123 55 3 1,1 11 1,7 116,5 121 126 - 1
150 40 132000 270000 30000 5300 6 000 1,95 NNU 4922 BK/W33 136 123 55 3 1,1 11 1,7 116,5 121 126 - 1
170 45 220000 360000 41500 4800 5300 34 NN 3022 TN9 132 155 - - 2 3,8 120 - - 160 157 2
170 45 220000 360000 41500 4800 5300 34 NN 3022 KTN9 132 155 - - 2 3,8 120 - - 160 157 2
120 165 45 176 000 340000 37500 4800 5300 2,8 NNU 4924 B/W33 120 151 1345 55 3 1,1 1,1 1,7 126,5 133 137 - 1
165 45 176 000 340000 37500 4800 5300 2,65 NNU 4924 BK/W33 151 1345 55 3 1,1 11 1,7 126,5 133 137 - 1
180 46 229000 390000 44000 4500 5000 3,7 NN 3024 TN9 142 165 - - 2 3,8 130 - - 170 167 2
180 46 229000 390000 44000 4500 5000 3,7 NN 3024 KTN9 142 165 - - 2 3,8 130 - - 170 167 2
130 180 50 187000 390 000 41500 4300 4800 3,85 NNU 4926 B/W33 130 162 146 55 3 15 15 2,2 138 144 149 - 15
180 50 187000 390 000 41500 4300 4800 3,65 NNU 4926 BK/W33 162 146 55 3 15 15 2,2 138 144 149 - 15
200 52 286 000 475000 53000 4000 4500 5,55 NN 3026 TN9 156 182 - - 1,1 3,8 140 - - 190 183 2
200 52 286000 475000 53000 4000 4500 5,55 NN 3026 KTN9 156 182 - - 11 3,8 140 - - 190 183 2
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d 140 -240 mm

S,

—— ——B—— =
K 2 f fa [ b
=5 = 1o T
y — ) n | : fa [
2 a
Dy F d D E dy d da Da dy Da Da da d, Dada dp
I | .
—= = S N = ) - =L L = — 3
NNU 49 B/W33 NNU 49 BK/W33 NN 30 NN 30 KTN
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d,D; EF b K 2 s da da dp D, D, ra
= min min max min max min max
mm N N r/min kg - mm mm
140 190 50 190 000 400 000 41500 4000 4500 4,1 NNU 4928 B/W33 140 172 156 55 3 1,5 1,5 2,2 148 154 159 - 1,5
190 50 190000 400 000 41500 4000 4500 3,9 NNU 4928 BK/W33 172 156 55 3 15 15 2,2 148 154 159 - 15
210 53 297 000 520 000 56 000 3800 4300 6 NN 3028 K 166 192 - - 2 3,8 150 - - 200 194 2
150 210 60 330000 655000 71000 3800 4300 6,25 NNU 4930 B/W33 150 191 1685 55 3 2 2 2 160 166 172 - 2
210 60 330000 655000 71000 3800 4300 6,15 NNU 4930 BK/W33 191 1685 5,5 3 2 2 2 160 166 172 - 2
225 56 330000 570000 62 000 3600 4000 7,3 NN 3030 K 178 206 - - 2,1 4 161 - - 214 208 2
160 220 60 330000 680000 72000 3600 4000 6,6 NNU 4932 B/W33 160 201 1785 55 3 2 2 2 170 176 182 - 2
220 60 330000 680000 72000 3600 4000 6,3 NNU 4932 BK/W33 201 1785 5,5 3 2 2 2 170 176 182 - 2
240 60 369000 655000 69500 3400 3800 8,8 NN 3032 K 190 219 - - 2,1 5 171 - - 229 221 2
170 230 60 336 000 695000 73500 3400 3800 6,95 NNU 4934 B/W33 170 211 1885 5,5 3 2 2 2 180 186 192 - 2
230 60 336 000 695000 73500 3400 3800 6,65 NNU 4934 BK/W33 211 1885 5,5 3 2 2 2 180 186 192 - 2
260 67 457 000 815000 85000 3000 3400 12 NN 3034 K 204 236 - - 2,1 5 181 - - 249 238 2
180 250 69 402 000 850 000 88000 3000 3400 10,5 NNU 4936 B/W33 180 226 202 8,3 4,5 2 2 2,3 190 199 205 - 2
250 69 402 000 850 000 88000 3000 3400 10 NNU 4936 BK/W33 226 202 8,3 4,5 2 2 2,3 190 199 205 - 2
280 74 561000 1000000 102 000 2800 3200 16 NN 3036 K 218 255 - - 2,1 5 191 - - 269 257 2
190 260 69 402 000 880000 90000 23800 3200 11 NNU 4938 B/W33 190 236 212 8,3 45 2 2 1,1 200 209 215 - 2
260 69 402 000 880000 90000 23800 3200 10,5 NNU 4938 BK/W33 236 212 8,3 45 2 2 1,1 200 209 215 - 2
290 75 594000 1080000 108 000 2600 3000 17 NN 3038 K 228 265 - - 2,1 5 201 - - 279 267 2
200 280 80 484000 1040000 106 000 2600 3000 15 NNU 4940 B/W33 200 253 225 11,1 6 2,1 2,1 3,7 211 222 228 - 2
280 80 484 000 1040000 106 000 2600 3000 14,5 NNU 4940 BK/W33 253 225 11,1 6 2,1 2,1 3,7 211 222 228 - 2
310 82 644 000 1140000 118 000 2400 2800 21 NN 3040 K 242 282 - - 2,1 6,5 211 - - 299 285 2
220 300 80 512000 1140000 114000 2400 2800 16,5 NNU 4944 B/W33 220 273 245 11,1 6 2,1 2,1 3,7 231 242 249 - 2
300 80 512 000 1140000 114000 2400 2800 16 NNU 4944 BK/W33 273 245 11,1 6 2,1 2,1 3,7 231 242 249 - 2
340 90 809 000 1460000 143000 2200 2600 27,5 NN 3044 K 265 310 - - 3 7.4 233 - - 327 313 2,5
240 320 80 528000 1220000 118000 2200 2600 17,5 NNU 4948 B/W33 240 293 265 11,1 6 2,1 2,1 3,7 251 262 269 - 2
320 80 528000 1220000 118000 2200 2600 16,5 NNU 4948 BK/W33 293 265 11 6 2,1 2,1 3,7 251 262 269 - 2
360 92 842000 1560 000 153000 2000 2400 30,5 NN 3048 K 285 330 - - 3 7.4 253 - - 347 333 2,5
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d 260—-280 mm
S, -
e ~—B—=
= % . f - 1 n, Ll
T _ ==
— ) (] | 1 la I
2 a
Dy F d DE dy d da Da dy D, Dad d, Dada db
I | .
—= = S N = ) - =L L = — 3
NNU 49 B/W33 NNU 49 BK/W33 NN 30 NN 30 KTN
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d,D; EF b K 2 s da da dp D, D, ra
= min min max min max min max

mm N N r/min kg - mm mm
260 360 100 748 000 1700000 163000 2000 2400 30,5 NNU 4952 B/W33 260 326 292 13,9 75 21 2,1 4,5 271 288 296 - 2

360 100 748000 1700000 163000 2000 2400 28,5 NNU 4952 BK/W33 326 292 13,9 75 2,1 2,1 4,5 271 288 296 - 2

400 104 1020000 1930000 183000 1900 2200 44 NN 3052 K 312 364 - - 4 7.4 276 - - 384 367 3
280 380 100 765000 1800000 170000 1900 2200 32,5 NNU 4956 B/W33 280 346 312 13,9 7,5 2,1 2,1 4,5 291 308 316 - 2

380 100 765000 1800000 170000 1900 2200 30,5 NNU 4956 BK/W33 346 312 13,9 7,5 2,1 2,1 45 291 308 316 - 2

420 106 1080000 2080000 196 000 1800 2000 47,5 NN 3056 K 332 384 - - 4 12,4 296 - - 404 387 3
202 203
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d 40—-95 mm

‘*B’ ]
[}

E— I ﬁ fa

—r3—

I4

S

L 1o —

Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d; E r, 2 I3, 4 s da da D, D, ra
= min min min max max min max
mm N N r/min kg — mm mm -
40 68 15 25100 28000 3200 15 000 17 000 0,19 N 1008 KTN 40 50,6 61 1 0,6 3 45 59 63 62 1
68 15 24200 26 500 3050 23700 32800 0,19 N 1008 KTNHA 50,6 61 1 0,6 3 45 59 63 62 1
45 75 16 29200 32500 3800 13 000 15 000 0,24 N 1009 KTN 45 56,3 67,5 1 0,6 3 50 65 70 69 1
75 16 28100 31000 3650 21300 29 600 0,24 N 1009 KTNHA 56,3 67,5 1 0,6 3 50 65 70 69 1
50 80 16 30800 36500 4250 12 000 14 000 0,26 N 1010 KTN 50 61,3 72,5 1 0,6 3 55 70 75 74 1
80 16 29700 34500 4050 19 600 27 300 0,26 N 1010 KTNHA 61,3 72,5 1 0,6 3 55 70 75 74 1
55 90 18 40200 48000 5700 11 000 13 000 0,39 N 1011 KTN 55 68,2 81 1,1 0,6 3 61,5 79 83,5 82 1
90 18 39100 46500 5500 17 600 24 500 0,39 N 1011 KTNHA 68,2 81 1,1 0,6 3 61,5 79 83,5 82 1
60 95 18 42900 53000 6 300 10 000 12 000 0,41 N 1012 KTN 60 73,3 86,1 11 0,6 3 66,5 84 88,5 87 1
95 18 41300 51000 6 100 16 400 22 800 0,41 N 1012 KTNHA 73,3 86,1 11 0,6 3 66,5 84 88,5 87 1
65 100 18 44 600 58500 6 800 9 500 11 000 0,44 N 1013 KTN 65 78,2 91 11 0,6 3 715 89 93,5 92 1
100 18 44000 56 000 6 550 15 500 21500 0,44 N 1013 KTNHA 78,2 91 11 0,6 3 715 89 93,5 92 1
70 110 20 57200 75000 8650 9 000 10 000 0,62 N 1014 KTN 70 85,6 100 11 0,6 3,5 76,5 98 1035 101 1
110 20 55000 72000 8300 14 100 19 600 0,62 N 1014 KTNHA 85,6 100 11 0,6 3,5 76,5 98 1035 101 1
75 115 20 56 100 75 000 8800 8500 9 500 0,65 N 1015 KTN 75 90,6 105 11 0,6 35 81,5 102 1085 106 1
115 20 55000 72000 8500 13 300 18 600 0,65 N 1015 KTNHA 90,6 105 1,1 0,6 35 81,5 102 108,5 106 1
80 125 22 69300 93000 11 000 8 000 9 000 0,89 N 1016 KTN 80 97 113 1,1 0,6 35 86,5 110 1185 114 1
125 22 67 100 90 000 10 600 12 400 17 300 0,88 N 1016 KTNHA 97 113 11 0,6 3,5 86,5 110 118,5 114 1
85 130 22 73700 102 000 11 600 7 500 8500 0,9 N 1017 KTN9 85 102 118 11 0,6 3,5 91,5 115 123,5 119 1
130 22 70400 98 000 11 200 11 800 16 500 0,89 N 1017 KTNHA 102 118 11 0,6 3,5 91,5 115 123,5 119 1
90 140 24 79200 108 000 12 900 7 000 8000 1,2 N 1018 KTN9 90 109 127 15 1 4 98 124 132 129 15
140 24 76 500 104 000 12 500 11 000 15 300 1,19 N 1018 KTNHA 109 127 15 1 4 98 124 132 129 15
95 145 24 84200 116 000 14 000 6 700 7 500 1,25 N 1019 KTN9 95 114 132 15 1 4 103 129 137 134 15
145 24 80900 112000 13 400 10 500 14 700 1,25 N 1019 KTNHA 114 132 15 1 4 103 129 137 134 15
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d 100—-120 mm
o -
‘ |
p— 5 51 ﬁ
- r3— -
Iy 3
D E d d;
Principal Basic load ratings Fatigue Speed ratings Mass Designation
dimensions dynamic static load Lubrication
limit grease oil spot

d D B C Co Py
mm N N r/min kg —
100 150 24 88000 125000 14 600 6 700 7 500 1,31 N 1020 KTN9

150 24 85800 120 000 14 300 10 600 14 700 1,31 N 1020 KTNHA
105 160 26 110 000 153 000 18 000 6 300 7 000 1,65 N 1021 KTN9

160 26 108 000 146 000 17 300 9 600 13 300 1,64 N 1021 KTNHA
110 170 28 128 000 180 000 20 800 5600 6 300 2,04 N 1022 KTN9

170 28 125000 173000 20 000 9 000 12 600 2,03 N 1022 KTNHA
120 180 28 134 000 196 000 22 000 5300 6 000 2,2 N 1024 KTN9

180 28 130 000 186 000 21 200 8400 11 700 2,18 N 1024 KTNHA
206
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la
da —f——1—T Da
Dimensions Abutment and fillet dimensions
d dy E 2 I3,4 s dy d, D, D, ra
= min min min max max min max
mm mm -
100 119 137 15 1 4 108 134 142 139 15
119 137 15 1 4 108 134 142 139 15
105 125 146 2 11 4 114 143 151 148 2
125 146 2 11 4 114 143 151 148 2
110 132 155 2 1,1 4 119 152 161 157 2
132 155 2 1,1 4 119 152 161 157 2
120 142 165 2 1,1 4 129 162 171 167 2
142 165 2 1,1 4 129 162 171 167 2
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d 40—-95 mm
—~ B »S«
‘ 2 ‘

— r ﬁ fa

r3— [— —
I4] 3

L 1o —

Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d; E r, 2 I3, 4 s da da D, Da ra
= min min min max max min max
mm N N r/min kg — mm mm -
40 68 15 25100 28000 3200 18 100 20 900 0,17 N 1008 KTN/HC5 40 50,6 61 1 0,6 3 45 59 63 62 1
68 15 24200 26 500 3050 26 400 36 500 0,17 N 1008 KTNHA/HC5 50,6 61 1 0,6 3 45 59 63 62 1
45 75 16 29200 32500 3800 16 300 18 800 0,22 N 1009 KTN/HC5 45 56,3 67,5 1 0,6 3 50 65 70 69 1
75 16 28100 31000 3650 23800 32900 0,21 N 1009 KTNHA/HC5 56,3 67,5 1 0,6 3 50 65 70 69 1
50 80 16 30800 36500 4250 15100 17 400 0,23 N 1010 KTN/HC5 50 61,3 72,5 1 0,6 3 55 70 75 74 1
80 16 29700 34500 4050 21900 30 300 0,23 N 1010 KTNHA/HC5 61,3 72,5 1 0,6 3 55 70 75 74 1
55 90 18 40200 48000 5700 13 500 15 600 0,35 N 1011 KTN/HC5 55 68,2 81 1,1 0,6 3 61,5 79 83,5 82 1
90 18 39100 46500 5500 19 700 27 200 0,35 N 1011 KTNHA/HC5 68,2 81 1,1 0,6 3 61,5 79 83,5 82 1
60 95 18 42900 53000 6 300 12 600 14 500 0,37 N 1012 KTN/HC5 60 73,3 86,1 11 0,6 3 66,5 84 88,5 87 1
95 18 41300 51000 6 100 18 400 25 400 0,37 N 1012 KTNHA/HC5 73,3 86,1 11 0,6 3 66,5 84 88,5 87 1
65 100 18 44 600 58500 6 800 11 800 13 700 0,39 N 1013 KTN/HC5 65 78,2 91 11 0,6 3 715 89 93,5 92 1
100 18 44000 56 000 6 550 17 300 23900 0,39 N 1013 KTNHA/HC5 78,2 91 11 0,6 3 715 89 93,5 92 1
70 110 20 57200 75000 8 650 10 800 12 400 0,55 N 1014 KTN/HC5 70 85,6 100 11 0,6 35 76,5 98 1035 101 1
110 20 55000 72000 8300 15700 21800 0,55 N 1014 KTNHA/HC5 85,6 100 11 0,6 3,5 76,5 98 1035 101 1
75 115 20 56 100 75000 8800 10 200 11 800 0,57 N 1015 KTN/HC5 75 90,6 105 11 0,6 35 81,5 102 1085 106 1
115 20 55000 72000 8500 14 900 20 600 0,57 N 1015 KTNHA/HC5 90,6 105 1,1 0,6 35 81,5 102 1085 106 1
80 125 22 69300 93000 11 000 9500 11 000 0,79 N 1016 KTN/HC5 80 97 113 1,1 0,6 35 86,5 110 11855 114 1
125 22 67 100 90 000 10 600 13 900 19 200 0,79 N 1016 KTNHA/HC5 97 113 11 0,6 3,5 86,5 110 1185 114 1
85 130 22 73700 102000 11 600 9100 10 400 0,80 N 1017 KTN9/HC5 85 102 118 11 0,6 3,5 91,5 115 1235 119 1
130 22 70400 98 000 11 200 13 200 18 300 0,79 N 1017 KTNHA/HC5 102 118 11 0,6 3,5 91,5 115 1235 119 1
90 140 24 79200 108 000 12 900 8400 9700 1,08 N 1018 KTN9/HC5 90 109 127 15 1 4 98 124 132 129 15
140 24 76 500 104 000 12 500 12 300 17 000 1,07 N 1018 KTNHA/HC5 109 127 15 1 4 98 124 132 129 15
95 145 24 84200 116 000 14 000 8100 9 300 1,12 N 1019 KTN9/HC5 95 114 132 15 1 4 103 129 137 134 15
145 24 80900 112000 13 400 11 800 16 300 1,12 N 1019 KTNHA/HC5 114 132 15 1 4 103 129 137 134 15
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d 100-120 mm

S
o =
I
——4n ﬁ fa
— I
I4] 3
D E d d da F—H-—-—F D,
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D B C Co Py d d; E r, 2 I3, 4 s da da D, Da ra
= min min min max max min max

mm N N r/min kg — mm mm -
100 150 24 88000 125000 14 600 8100 9 300 1,17 N 1020 KTN9/HC5 100 119 137 1,5 1 4 108 134 142 139 15

150 24 85800 120 000 14 300 11 800 16 400 1,17 N 1020 KTNHA/HC5 119 137 15 1 4 108 134 142 139 15
105 160 26 110000 153 000 18 000 7 300 8 400 1,44 N 1021 KTN9/HC5 105 125 146 2 11 4 114 143 151 148 2

160 26 108 000 146 000 17 300 10 700 14 800 1,44 N 1021 KTNHA/HC5 125 146 2 11 4 114 143 151 148 2
110 170 28 128 000 180 000 20 800 6900 8000 1,79 N 1022 KTN9/HC5 110 132 155 2 1,1 4 119 152 161 157 2

170 28 125000 173000 20 000 10 100 14 000 1,78 N 1022 KTNHA/HC5 132 155 2 1,1 4 119 152 161 157 2
120 180 28 134 000 196 000 22 000 6 400 7 400 1,92 N 1024 KTN9/HC5 120 142 165 2 1,1 4 129 162 171 167 2

180 28 130 000 186 000 21 200 9 400 13 000 1,92 N 1024 KTNHA/HC5 142 165 2 1,1 4 129 162 171 167 2
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Double direction angular
contact thrust ball bearings

Contents Double direction angular contact thrust
ball bearings
Two different designs
Bearings of series 2344(00)
Bearings of series BTM
Hybrid double direction angular contact thrust
ball bearings
Marking of double direction angular contact thrust
ball bearings
Bearing data general
Effect of interference fit on preload
Cages
Speed ratings
Equivalent dynamic bearing load
Equivalent static bearing load
Designation system

Product tables
Double direction angular contact thrust
ball bearings
Hybrid double direction angular contact
ball bearings

1. (495%828-06-21, chakc (495) 223-3071




4 Double direction angular conegyifr s atwingsbepr Ab bergab@ya.ru Ten. (495)-228-06-21, dakc (495) 223-3071

Double direction angular
contact thrust ball bearings

Two different designs

SKF offers two main families of double

direction angular contact thrust ball bearings:

the series 2344(00) (O fig M) and the
series BTM (O fig E).
Two basic variants exist for series BTM:
Series BTM — A with 30° contact angle and
Series BTM — B with 40° contact angle.
These bearings are able to locate a
spindle axially in both directions, and are
intended for mounting at the side of the

Double direction angular contact thrust ball
bearings: series 2344(00)

Fig

double row, or single row cylindrical roller
bearings of series NN 30 K and N 10 K,
having the same bore size and outside
diameters. The outside diameter of the
housing washer, is however, made to
tolerances such that sufficient radial
clearance to the housing bore seating is
obtained. This is to ensure that the thrust
bearing is only subjected to axial loads.
An additional benefit is the simplified
machining of the housing bore.

Double direction angular contact thrust ball
bearings: series BTM

Fig

Bearings of series 2344(00)

The bearings belonging to series 2344(00)
are of separable design: they have a one
piece housing washer, two ball and cage
assemblies with a large number of balls,
and two shaft washers separated by a
spacer sleeve (O fig El).

When mounted the bearings become
preloaded. Bearings of series 2344(00)

Series 2344(00) cross section

Fig

60° contact angle

have a contact angle of 60°. To facilitate
efficient lubrication, the bearings have a
groove and three lubrication holes in the
housing washer.

The preload, the 60° contact angle,
together with the large number of balls, and
cage assembly impart high axial stiffness
to the bearings. A re-designed cage makes
them suitable for relatively high speed
operations.
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Bearings of series BTM

Bearings of series BTM are non-separable
and designed as single direction angular
contact thrust ball bearings, although
always supplied in back-to-back sets,

and are able to carry thrust loads in both
directions. When mounted the bearings
become preloaded.

The bearings have a contact angle of
30° (O fig ) or 40° (O fig ) and the
same bore and outside diameter as series
2344(00), but a 25 % lower sectional height
(width), which makes them particularly
suitable for very compact arrangements.
They do not have the same high load
carrying capacity and axial stiffness as
those of series 2344(00), but can operate
at higher speeds.

Since bearings of series BTM are only
intended to accommodate axial loads, their
axial load carrying capacity is quoted in the
bearing tables, although by ISO definition
they are radial bearings, by virtue of having
a 30° or 40° contact angle.

Series BTM—-A

Fig

30° contact angle

Series BTM-B

40° contact angle

Fig

Hybrid double direction
angular contact thrust ball
bearings

If the performance required is close to
all-steel bearing limits, or if higher rigidity or
longer life are needed, it is recommended
to switch from an all-steel to a hybrid double
direction angular contact thrust ball bearing.
SKF is prepared to supply the bearings
of series 2344(00) and BTM equipped
with ceramic balls. The hybrid execution
is identified by the suffix HC.
More details concerning the advantages
offered by ceramic material can be found
in the chapter Principles of bearing
selection and application, section material
for high-precision bearings page 9.

Marking of double direction
angular contact thrust ball
bearings

The bearing rings carry several markings
for identification purposes. Each bearing

is marked with the complete designation.
Bearings of the series 2344(00) are of
separable design; therefore to avoid wrong
positioning of the inner washers and spacers,
each component —i.e. inner rings, outer
rings and the spacer — is marked with a
serial number.

This also prevents the mixing of
components from two bearings with
different serial numbers.

Bearings of series BTM are non
separable and matched into back-to-back
sets of two. In addition to the complete
designation, the actual deviation of the
inner bore diameter from nominal are
marked on the inner ring; this is to facilitate
the selection of the actual bore in order
to obtain the desired fits after mounting.

A ‘V'-shaped marking is made on the
outside diameter of the bearings. The
bearings should be mounted in the order
shown by this marking to obtain correct
preload. It also indicates how the set should
be mounted compared with the axial load.
The point of the ‘V’ gives the direction in
which the axial load should act on the inner
ring(s). Each bearing of a series BTM
bearing set is marked with the complete
designation of the bearing set. To prevent
mixing of bearings belonging to different
sets, a serial number is shown on the face
of the inner ring of each bearing.
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Bearing data general

Dimensions

The dimensions of SKF double direction
angular contact thrust ball bearings are not
standardised, but are generally accepted on
the market. The bore and outside diameters
of bearings of series 2344(00), BTM —A
and BTM - B, do however, correspond to
those of Diameter Series 0 according to
ISO 15:1998.

Tolerances

SKF double direction angular contact thrust
ball bearings of series 2340(00) are made
to tolerance class SP (Special Precision)
specifications as standard. Bearings made
to tolerance class UP (Ultra Precision) can
be supplied to order.

SKF double direction angular contact
thrust ball bearings of series BTM —A and
BTM —B are made to tolerance class P4C
for enhanced running accuracy and even
more precise bore diameters.

The values for class SP, UP and P4C
tolerances are given in the Tables [,
and [El.

Hybrid double direction angular contact
thrust ball bearings are made to the same
tolerances as the corresponding all-steel

type.

Class SP tolerances for 2344(00) angular contact
thrust ball bearing series

Class UP tolerances for series 2344(00) angular
contact thrust ball bearings

Class P4C tolerances for series BTM—A and
BTM-B angular contact thrust ball bearings

Table
Shaft washer and bearing height
d Ads Sil) ATs
over incl. high low max high low
mm pum um pm
18 30 +1 -9 3 +50 -80
30 50 +1 -1 3 +60 -100
50 80 +2 -14 4 +70 -120
80 120 +3 -18 4 +85 -140
120 180 +3 -21 5 +95  -160

180 250 +4 -26 5 +120 -200

Housing washer

D ADS ACS Se
over incl. high low high  low

mm pm pm

30 50 -20 -27 O - 60
50 80 -24 -33 0 —60 Values are
80 120 -28 -38 0 —60 identical
to those
120 150 -33 -44 0 —60 of shaft
150 180 -33 -46 O —60 washer
180 250 -37 52 0 —60 of same
bearing
250 315 41 59 0 - 60

1 The tolerance values quoted must be considered
approximate, as the raceway runout is measured
in the direction of the ball load. When the bearings
have been mounted, the axial runout is generally
smaller than quoted in the table

Table Table
Shaft washer and bearing height Inner ring
d Ads Swl) ATs d Ads Sll) ABls
over incl. high low max high low over incl. high low max high low
mm pm pum pm mm pm pm pm
18 30 0 -6 1,5 +50 -80 50 80 0 -7 3 0 -100
30 50 0 -8 1,5 +60 —100 80 120 O -8 4 0 —200
50 80 0 -9 2 +70 —-120 120 180 0 -10 4 0 —250
80 120 O -10 2 +85 —140 180 250 O -14 5 0 —250
120 180 O -13 3 +95 -160
180 250 O -15 3 +120 - 200
Housing washer Outer ring
D ADs ACs Se D ADs ACls Se
over incl. high low high  low over incl. high low high  low
mm pum pm mm pm um
30 50 -20 -27 O - 60 80 120 -28 -38 O —100 Values are
50 80 -24 -33 0 —60 Values are 120 150 -33 44 O —200 identical
80 120 -28 -38 O —60 identical 150 180 -33 46 O —250 to those
to those of shaft
120 150 -33 -44 0 —60 of shaft 180 250 -37 52 O —250 washer
150 180 -33 -46 O —60 washer 250 315 41 59 O —250 of same
180 250 -37 -52 0 —60 of same bearing
bearing
250 315 -41 -59 O - 60

1 The tolerance values quoted must be considered
approximate, as the raceway runout is measured
in the direction of the ball load. When the bearings
have been mounted, the axial runout is generally
smaller than quoted in the table

D The tolerance values quoted must be considered
approximate, as the raceway runout is measured
in the direction of the ball load. When the bearings
have been mounted, the axial runout is generally
smaller than quoted in the table
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Preload

The preload of double direction angular
contact thrust ball bearings series 2344(00),
BTM—A and BTM -B is predetermined
during manufacture. This is done by
individually setting the distance sleeve
length for bearings of series 2344(00) and
by a precisely adjusted standout of inner
versus outer ring for bearing pairs of series
BTM—A and BTM - B. The bearings of
series 2344(00) have one standard preload
class while bearings of series BTM —A and
BTM —B are available in two different
preload classes, identified by suffixes A
and B respectively.

For bearings of the series 2344(00)
series, which are of separable design; rings,
washers nor spacers shall be exchanged in
position (i.e. the position of inner rings must
not be reversed) neither mixed with rings
belonging to other bearings; otherwise the
predetermined preload will not be achieved.
Similarly, a bearing in a set of series BTM
shall not be mounted together with a
bearing taken from another set.

The axial preload values for SKF double
direction angular contact thrust ball
bearings are given in Tables and

Table ]  Axial preload values:
2344(00) series

Bore Standard Bore Standard
diameter preload diameter preload
mm N mm N
40 360 100 690
45 390 110 735
50 415 120 800
55 440 130 870
60 470 140 940
65 490 150 1015
70 515 160 1100
75 545 170 1185
80 575 180 1290
85 600 190 1385
90 625 200 1525
95 655
Table Axial preload values:
BTM-A and BTM-B
Bore Series BTM—A Series BTM—B series
diameter Preload Preload Preload Preload
Class A Class B Class A Class B
mm N
60 200 450 250 720
65 200 450 250 720
70 250 600 350 950
80 300 750 400 1200
85 300 750 400 1200
90 400 1000 550 1450
100 400 1000 550 1650
110 600 1400 750 2250
120 600 1500 850 2 450
130 800 1900 1050 3000

Effect of interference
fit on preload

The preload values listed in the Tables

and refer to unmounted bearings.
Preload may increase due to interference
fits where the inner rings are not free to
decrease in diameter, as a consequence of
the axial load. In unmounted condition, the
effect of the axial measuring load due to
ring wall thickness is negligible. When fitting
bearings on a shaft, interference between
shaft and bearing shaft washers (inner
rings) can cause the raceways to expand,
generating an increase in preload. Double
direction angular thrust ball bearings are
usually fitted to the shaft seating to tolerance
h4. If interference occurs, the relation
between axial preload and radial
(diametrical) preload increase can be
expressed as:

9, = §/tan a

where:

0, = axial preload increase
o, =radial preload increase
o = bearing contact angle

It is not necessary to make corrections for
the mounted preload as long as there is no
interference fit.

Cages

SKF double direction angular contact thrust
ball bearings of series 2344(00) have two
separated cages that are ball-centred. They
can either be of machined brass — identified
by the suffix M1- or of heat stabilised, glass
fibre reinforced polyamide 6,6 — identified
by the suffix TN9. Depending on the bearing
size, the former or the latter design is
considered standard (O Table [&] page 222).

The same cage design and material (TN9)
is used for bearings of series BTM—A and
BTM -B.

The cages are suited to withstand load
cycles and rapid speed changes (in direction
and value) and also to ensure good grease
retention and stable conditions for
preloaded bearings.

Lubricants normally used for rolling
bearings have no detrimental effect on
the properties of the polyamide cage,
with the exception of some synthetic oils
and greases based on synthetic oils.

Other exceptions are lubricants with a
high content of EP additives when used
at elevated temperatures. The bearings
equipped with TN9 cages may be used
without restriction at temperatures up to
+120°C. Higher temperatures can be
tolerated for short periods without any
negative effect on the material, provided
that long periods at much lower
temperatures follow.
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Speed ratings bearings of series BTM—A and BTM - B Equivalent dynamic Equivalent static
all-steel or hybrid, a speed reduction factor . J
The speed ratings quoted in the product of 0,55 has to be considered in case of beanng load beanng load
tables are guideline values and are valid, preload of class B.
provided that the bearings are lightly There is no need to consider speed Double direction angular contact thrust ball As per above — equivalent dynamic bearing
loaded, that they are light preloaded and reduction factors due to preload for bearings bearings are subjected only to axial load. load
that the transport of heat away from the of series 2344(00), BTM—A or BTM-B If this acts centrically, then
bearing position is good. In the case of with preload class A. Po =Fa
P=Fa
4
Table E

Bearing 2344(00) series BTM-A,

dimensions brass polyamide BTM-B

bore bore cage (M1) cage (TN9) polyamide

code diameter cage

05 25 STD - -

06 30 STD - -

07 35 STD = _

08 40 STD = _

09 45 STD - _

10 50 STD = =

11 55 STD - _

12 60 = STD STD

13 65 = STD STD

14 70 - STD STD

15 75 STD -

16 80 OPT STD STD

17 85 OPT STD STD

18 90 OPT STD STD

19 95 STD = =

20 100 OPT STD STD

22 110 STD = SD

24 120 OPT STD STD

26 130 OPT STD STD

28 140 STD - _

30 150 STD = =

32 160 STD = =

34 170 STD - -

36 180 STD - -

38 190 STD - -

40 200 STD _

STD = standard cage; OPT = on request; SD = special design
Note: the BTM bearings have no cage suffix as only one type is available

P2z www.bergab.ru bepr Ab bergatsii@¥a.ru Ten. (498%£28-06-21, cpakc (495) 223-3071 223



4 Double direction angular conegyifr s atwingsbepr Ab bergab@ya.ru Ten. (495)-228-06-21, dakc (495) 223-3071

Designation system PrO d“Ct tables

Designation system of double direction angular
contact thrust ball bearings

Table

(e o] [] gl|_Jriucpac]e]a
[z044] o] [] [ ol se][_][]

Bearing series 4
BTM Double direction angular contact thrust ball bearing,

High-speed series
2344 Double direction angular contact thrust ball bearing

Bore diameter

05 (x5) 25 mm bore diameter (series 2344 only)

|

40 (x5) 200 mm bore diameter (series 2344 only)

60 bore diameter, mm, uncoded (series BTM, only)
|
130 bore diameter, mm, uncoded (series BTM, only)

Internal design
B Internal design code (series 2344 and brass cage only),
blank for series BTM

Contact angle

- 60° (blank for series 2344 only)
A 30° (for series BTM — A only)

B 40° (for series BTM —B only)

Cage design and material

- Rolling elements riding, polyamide 6,6 (series BTM only)

M1 Rolling elements riding, machined brass (series 2344 only)

TN9 Rolling elements riding, grass fibre reinforced polyamide 6,6 (series 2344 only)

Rolling element material
- Chromium steel

HC Silicon nitride

Precision class

SP Special precision (P4 running accuracy, series 2344 only)

UP Ultra precision (P2 running accuracy, series 2344 only)

P4C Special precision — series BTM only

Matching

DB Set of two bearing matched back-to-back as standard (series BTM only)
Blank for series 2344

Preload

A Light preload (series BTM — A only)

B Heavy (series BTM —B only)

G.. Special preload, daN (series BTM only)
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d 35—-90 mm

S
H f4r3 fq BT

] _ ry — T —
. el = fd s
I
1) ! Iy a fa
D d d; Da da Dy da
‘* C*‘ ‘RH—»‘
H— 4
2344(00) BTM-B BTM-A
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D H C Co Py d d1 C,D; K b o r3,4 da Dy ra Iy
= min min min min max max
mm N N r/min kg - mm mm
35 62 34 18600 49 000 1830 10 000 13 000 0,38 234407 BM1 35 53 17 3 55 1 0,15 45 58 1 0,1
40 68 36 21600 60000 2240 9500 12 000 0,46 234408 BM1 40 58,5 18 3 55 1 0,15 50 64 1 0,1
45 75 38 24700 71000 2600 9 000 11 000 0,58 234409 BM1 45 65 19 3 55 1 0,15 56 71 1 0,1
50 80 38 25500 78000 2850 8500 10 000 0,62 234410 BM1 50 70 19 3 55 1 0,15 61 76 1 0,1
55 90 44 33800 104 000 3800 7 000 8 500 0,94 234411 BM1 55 78 22 3 55 1,1 0,3 68 85 1 0,3
60 95 33 26500 62000 2500 9 300 11 900 0,77 BTM 60 A/DB 60 75,9 89 - - 11 0,6 67 89 1 0,6
95 33 31000 71000 2800 8300 10 600 0,77 BTM 60 B/DB 75,9 89 - - 11 0,6 67 89 1 0,6
95 44 34500 108 000 4 000 7 000 8 500 1 234412 TN9 83 22 3 55 1,1 0,3 73 90 1 0,3
65 100 33 27500 68000 2600 8 700 11 200 0,82 BTM 65 A/DB 65 80,9 94,3 - - 11 0,6 75 94 1 0,6
100 33 32500 76 500 2900 7 800 10 000 0,82 BTM 65 B/DB 80,9 94,3 - - 11 0,6 75 94 1 0,6
100 44 35800 116 000 4300 6 700 8000 1,05 234413 TN9 88 22 3 55 11 0,3 78 95 1 0,3
70 110 36 33500 83000 3150 8000 10 200 1,12 BTM 70 A/DB 70 88,6 1036 - - 1,1 0,6 82 104 1 0,6
110 36 40000 95000 3600 7 200 9100 1,12 BTM 70 B/DB 88,6 1036 - - 1,1 0,6 82 104 1 0,6
110 48 43600 143000 5300 6 300 7 500 1,45 234414TN9 97 24 3 55 1,1 0,3 85 105 1 0,3
115 48 44200 150 000 5600 6 000 7 000 1,55 234415 BM1 102 24 3 55 1,1 0,3 90 110 1 0,3
80 125 40,5 41500 104 000 3900 7 000 9 000 1,59 BTM 80 A/DB 80 1008 1182 - - 11 0,6 93 118 1 0,6
125 40,5 49000 120000 4400 6 300 8 000 1,59 BTM 80 B/DB 100,8 118,2 - - 11 0,6 93 118 1 0,6
125 54 54 000 180 000 6 550 5300 6 300 2,1 234416 TN9 110 27 4,5 8,3 1,1 0,3 97 119 1 0,3
85 130 405 41500 110000 3900 6 700 8 600 1,69 BTM 85 A/DB 85 1058 1232 - - 11 0,6 98 124 1 0,6
130 40,5 50000 125000 4500 6 000 7 500 1,69 BTM 85 B/DB 1058 1232 - - 11 0,6 98 124 1 0,6
130 54 54 000 190 000 6 700 5300 6 300 2,2 234417 TN9 115 27 4,5 8,3 11 0,3 102 124 1 0,3
90 140 45 49000 125000 4470 6 300 8000 2,22 BTM 90 A/DB 90 113 132 - - 15 0,6 104 132 15 0,6
140 45 57000 143000 5100 5600 7 000 2,22 BTM 90 B/DB 113 132 - - 15 0,6 104 132 15 0,6
140 60 62400 220000 7 650 4800 5600 3 234418 TN9 123 30 4,5 8,3 15 0,3 109 132 15 0,3
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d 95—-200 mm

T
H r4r3 T4 T

1 - — r3 S " —
. o — Ll A
I
1) 1 Iy fa la
D d d Da da Dy da
‘* C*‘ ‘RHA
VR 4

2344(00) BTM-B BTM-A
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication

limit grease oil spot
d D H C Co Py d d1 C,D; K b o r3,4 da Dy ra Iy
= min min min min max max

mm N N r/min kg - mm mm
95 145 60 63700 232000 7 800 4800 5600 3,05 234419 BM1 95 128 30 4,5 8,3 15 0,3 114 137 15 0,3
100 150 45 51000 140000 4740 6 000 7 500 2,45 BTM 100 A/DB 100 123 1416 - - 15 0,6 114 142 15 0,6

150 45 61000 163000 5400 5300 6 700 2,45 BTM 100 B/DB 123 1416 - - 15 0,6 114 142 15 0,6

150 60 66 300 245000 8150 4800 5600 3,15 234420 TN9 133 30 4,5 8,3 15 0,3 119 142 15 0,3
110 170 54 71000 193000 6 300 5100 6 400 39 BTM 110 A/DB 110 1379 1552 - - 2 1 127 160 2 1

170 54 83000 220000 7 350 4600 5700 39 BTM 110 B/DB 1379 1552 - - 2 1 127 160 2 1

170 72 92300 335000 10 400 4000 4 800 5,05 234422 BM1 150 36 4,5 8,3 2 0,6 132 161 2 0,6
120 180 54 73500 212000 6 500 4 800 6 000 4,18 BTM 120 A/DB 120 147,7 1703 - - 2 1 137 170 2 1

180 54 86 500 240 000 7 200 4300 5300 4,18 BTM 120 B/DB 147,7 1703 - - 2 1 137 170 2 1

180 72 93600 360 000 10 800 3800 4 500 57 234424 TN9 160 36 4,5 8,3 2 0,6 142 171 2 0,6
130 200 63 90 000 265000 7700 4500 5600 6,27 BTM 130 A/DB 130 162,6 187,7 - - 2 1 150 190 2 1

200 63 108 000 300 000 8800 3800 4800 6,27 BTM 130 B/DB 162,6 187,7 - - 2 1 150 190 2 1

200 84 117 000 455 000 13 200 3400 4000 8,15 234426 TN9 177 42 6 11,1 2 0,6 156 190 2 0,6
140 210 84 117 000 475 000 13 200 3200 3800 8,65 234428 BM1 140 187 42 6 11,1 2,1 0,6 166 200 2 0,6
150 225 90 140 000 570 000 15 300 3000 3600 10,5 234430 BM1 150 200 45 7,5 13,9 2,1 0,6 178 213 2 0,6
160 240 96 156 000 640 000 16 600 2800 3400 14 234432 BM1 160 212 48 75 13,9 2,1 0,6 190 227 2 0,6
170 260 108 195000 780000 19 600 2 400 3000 17,5 234434 BM1 170 230 54 7,5 13,9 2,1 0,6 204 246 2 0,6
180 280 120 225000 915000 22 400 2000 2 600 23 234436 BM1 180 248 60 9 16,7 2,1 0,6 214 264 2 0,6
190 290 120 225000 950 000 22800 2000 2600 24 234438 BM1 190 258 60 9 16,7 2,1 0,6 224 274 2 0,6
200 310 132 265000 1100000 25500 1900 2400 31 234440 BM1 200 274 66 9 16,7 2,1 0,6 236 292 2 0,6
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d 60—130 mm

fa
I j I3 E j ,7j
Iq] I,
P} a
D, dg
Dy da
I ,
BTN, -B BTM-A
Principal Basic load ratings Fatigue Speed ratings Mass Designation Dimensions Abutment and fillet dimensions
dimensions dynamic static load Lubrication
limit grease oil spot
d D H C Co Py d dy C,D; n» r3,4 da D, Ia Iy
= min min min min max max

mm N N r/min kg - mm mm
60 95 33 26 500 62 000 2500 11 100 14 300 0,72 BTM 60 A/HCDB 60 75,9 89 11 0,6 70 90 1 0,6

95 33 31000 71000 2800 10 000 12 700 0,72 BTM 60 B/HCDB 75,9 89 11 0,6 70 90 1 0,6
65 100 33 27500 68000 2600 10 500 13 500 0,77 BTM 65 A/HCDB 65 80,9 94,3 11 0,6 75 95 1 0,6

100 33 32500 76500 2900 9400 12 000 0,77 BTM 65 B/HCDB 80,9 94,3 11 0,6 75 95 1 0,6
70 110 36 33500 83000 3150 9500 12 300 1,04 BTM 70 A/HCDB 70 88,6 1036 1,1 0,6 82 105 1 0,6

110 36 40000 95000 3600 8 600 10 900 1,04 BTM 70 B/HCDB 88,6 1036 1,1 0,6 82 105 1 0,6
80 125 40,5 41500 104 000 3900 8 400 10 800 1,48 BTM 80 A/HCDB 80 100,8 1182 11 0,6 93 117 1 0,6

125 40,5 49000 120000 4 400 7 600 9 600 1,48 BTM 80 B/HCDB 100,8 1182 11 0,6 93 117 1 0,6
85 130 40,5 41500 110000 3900 7 200 10 300 1,58 BTM 85 A/HCDB 85 105,8 1232 11 0,6 98 124 1 0,6

130 40,5 50000 125000 4500 7 200 9 000 1,58 BTM 85 B/HCDB 1058 1232 11 0,6 98 124 1 0,6
90 140 45 49000 125000 4470 7 600 9 600 2,08 BTM 90 A/HCDB 90 113 132 15 0,6 104 131 1 0,6

140 45 57000 143000 5100 6 700 8400 2,08 BTM 90 B/HCDB 113 132 15 0,6 104 131 1 0,6
100 150 45 51000 140000 4740 7 200 9000 2,29 BTM 100 A/HCDB 100 123 1416 15 0,6 114 141 1 0,6

150 45 61000 163000 5400 6 400 8 000 2,29 BTM 100 B/HCDB 123 1416 15 0,6 114 141 1 0,6
110 170 54 71000 193000 6 300 6 200 7 700 3,64 BTM 110 A/HCDB 110 1379 1552 2 1 127 160 15 1

170 54 83000 220000 7 350 5500 6 800 3,64 BTM 110 B/HCDB 137,9 1552 2 1 127 160 1,5 1
120 180 54 73500 212000 6 500 5800 7 200 3,90 BTM 120 A/HCDB 120 147,7 1703 2 1 137 171 15 1

180 54 86 500 240 000 7 200 5200 6 400 3,90 BTM 120 B/HCDB 147,7 1703 2 1 137 171 15 1
130 200 63 90 000 265000 7700 5400 6 700 5,87 BTM 130 A/HCDB 130 162,6 187,7 2 1 150 190 15 1

200 63 108 000 300 000 8800 4 600 5800 5,87 BTM 130 B/HCDB 162,6 187,7 2 1 150 190 15 1
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Single direction angular
contact thrust ball bearings
(“ball screw support
bearings”)

Contents Single direction angular contact thrust ball
bearings (“ball screw support bearings”)
Bearings for universal matching
Matched bearing sets
Cartridge units
General bearing data
Preload
Axial stiffness
Friction torque
Cages
Speed ratings
Lubrication
Design of associated components
Load carrying capacity of bearing sets
Equivalent dynamic bearing load
Equivalent static bearing load
Designation system

Product tables

Single direction angular contact thrust ball bearings
Cartridge units with flanged housing
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Single direction angular
contact thrust ball bearings
(“ball screw support

bearings”)

SKF single direction angular contact thrust
ball bearings have been developed
especially for the support of ball and roller
screws in machine tools, but are also used
successfully for other applications where
high axial rigidity and running accuracy is
needed. They are of non-separable design
and incorporate a large number of balls,
have a particularly close conformity
between balls and raceways, and a
contact angle of 60°.

These bearings are characterised by

« high axial load ratings,

« superior axial stiffness,

« excellent running accuracy, especially in
axial direction,

« speed and acceleration capability, and

« low frictional torque.

For best performance under extreme
(shock-) loads, speeds, accelerations,
and/or temperatures the bearings have
a special blending of the raceway-shoulder
transition, a light and robust cage design,
and a special heat treatment for dimensional
stabilisation. The special stabilisation for
bore diameters larger than 20 mm ensures
constant preload/stiffness over the whole
application lifetime, and also at high
temperature.

SKF single direction angular contact
thrust ball bearings are available in three
metric dimension series: the series BSA 2

Different designs of SKF high-precision single
direction angular contact thrust ball bearings

and BSA 3 having boundary dimensions
conform to 1ISO 15:1998 (although this
standard applies to radial bearings) and the
series BSD (O fig [M).

When the load carrying capacity of a
single bearing is inadequate and/or when
the bearing arrangement is required to take
up axial loads acting in both directions these
bearings can be supplied as “bearings for
universal matching” single, or in matched
sets. To further simplify mounting, complete
ready-to-mount pre-greased cartridge units
incorporating matched bearing sets in a
flanged housing are supplied on request.

Fig

=
=

Series BSA 2

Series BSA 3 Series BSD
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Bearings for universal
matching

Universally matchable single direction
angular contact thrust ball bearings are
adjusted during manufacturing to be
mounted immediately adjacent to each
other in a back-to-back, face-to-face, or
tandem arrangement as desired. When
arranged back-to-back or face-to-face, the
predetermined value of the preload will be
attained, requiring no subsequent
adjustment. Bearings for universal matching
can be supplied in two basic executions:
single universal bearings for mounting in
any combination, or duplex sets.

Single bearings of ‘universal’ design are
identified by the designation suffix G, which
is followed by the letter A or B indicating the
preload level, e.g. BSD 2047 CGA. When
ordering these bearings, the number of
single bearings required must be stated, not
the number of sets. Universally matchable
bearings may be useful in reducing stock
holding and improving availability.

Alternatively, duplex sets of bearings for
universal matching can be chosen. They are
identified by the suffix DGA or DGB, where
A stands for light and B for heavy preload.
The term ‘matched’ refers to matching of the
bore and outside diameter which, in a set,
at most differ by half the permissible
diameter tolerance.

Matched bearing sets

SKF single direction angular contact thrust
ball bearings can be supplied in matched
sets of two, three or four bearings. The
bearing sets are matched during production
so that when mounted immediately adjacent
to each other, the predetermined preload
value and/or an even load distribution
among the rows will be attained. Bore and
outside diameters of the bearings in a set at
most differ by half the permissible diameter
tolerance. When bearings are arranged
back-to-back, the load lines diverge towards
the bearing axis. Axial loads acting in both
directions can be accommodated, but
supported by one bearing or bearing pair
only. This arrangement has a relatively high
tilting stiffness and tilting moments can be
taken up.

In face-to-face arrangements the load
lines converge towards the bearing axis.
Again axial loads acting in both directions
can be supported but only by one bearing
or bearing pair at a time. This arrangement
is less rigid than a back-to-back one with
respect to tilting, but allows accommodating
higher misalignments.

In tandem arrangements the load lines of
the bearings are parallel to each other. The
bearing set can accommodate thrust load in
one direction only, and is generally adjusted
against another bearing or bearing pair.
Arrangements of three or four bearings, of
which two or three are in tandem, are
usually adopted when higher load capacity
or higher stiffness are required in the
application. The most common arrange-
ments are shown in fig [ page 237.

%, %,

Tandem arrangement
Designation suffix DT

Face-to-face
arrangement
Designation suffix DF

Back-to-back
arrangement
Designation suffix DB

Fig

Combination of tandem and
back-to-back arrangement
Designation suffix TBT

Combination of tandem and
face-to-face arrangement
Designation suffix TFT

Tandem arrangement
Designation suffix TT

Combination of tandem and
back-to-back arrangement
Designation suffix QBC

Combination of tandem and
face-to-face arrangement
Designation suffix QFC

Combination of tandem and
face-to-face arrangement
Designation suffix QFT

Tandem arrangement
Designation suffix QT

Combination of tandem and
back-to-back arrangement
Designation suffix QBT
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Marking of single bearings

The bearing rings carry several markings
for identification purposes. Each bearing is
marked with the complete bearing
designation. An asterisk (*) on the side face
of inner and outer rings marks the position
of the greatest out-of-round, i.e. where the
greatest wall thickness between the base of
the raceway groove and the bore or the
outside diameter surface has been found
(O fig [E]). To facilitate the selection of the
actual bore and outside diameter in order to
obtain the desired fits after mounting, the
actual deviation of the inner bore diameter
and outside diameter from nominal are
marked on the inner ring/outer ring
respectively (just beside the asterisk).

Bearings for universal matching:
example of marking of a single bearing

Fig

238 www.bergab.ru bepr Ab bergatsii@¥a.ru Ten. (498%£28-06-21, cpakc (495) 223-3071

Marking of bearing sets
In addition to the markings of single
bearings, bearings sets carry a “V"-shaped
marking on the outside diameter of the
bearings in order to facilitate proper
mounting (O fig ). If the bearing set is to
perform correctly, the bearings must be
mounted in the order indicated by the
V-marking. The V-marking is always applied
in relation with the position of the greatest
out-of-round of outer ring and it also gives
the direction in which the axial load should
act on the inner ring(s). For bearing sets
that can accommodate axial loads in both
directions, the ‘V’-point gives the direction
of the greater axial load.

For each bearing of a matched set the
same serial number is shown on the face
of the outer ring.

Cartridge units

To simplify and speed-up mounting,

complete cartridge units incorporating

matched sets of four single direction

angular contact thrust ball bearings in a

flanged housing are supplied on request.

These units are characterised by the

following features:

« ready to mount

« with a flange so that the units can be
simply bolted to the machine frame

« sealed

« pre-lubricated with a special grease for
long grease life and good anti-brinelling
properties

- extremely stiff design of carbon steel
housing.

Cartridge units are marked on the side face

with their complete designation and SKF
trademark.

Example of marking of a bearing set

~——_
—]

O
~——
L—

Fig
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General bearing data

Dimensions

The boundary dimensions of series BSA 2
and BSA 3 conform to ISO 15:1998,
Dimension Series 02 and 03 respectively,
although this standard only applies to radial
ball bearings. The boundary dimensions of
the metric series BSD, and the cartridge
units do not conform to any national or
international standard, but have been
widely accepted on the market for many
years.

Class 4 tolerances for single direction angular
contact thrust ball bearings

Tolerances

SKF single direction angular contact thrust
ball bearings are manufactured as standard
according the tolerances shown in Table
These values correspond to the 1ISO
492:2002-tolerance class 2 specifications,
although the standards only apply to radial
bearings. The inner and outer ring axial
runout conform to ISO 492:2002-tolerance
class 2. The values quoted refer to single
bearings.

For matched sets that are correctly
mounted on accurately machined seating,
the axial runout generally does not exceed
2,5 microns.

Table
Inner ring
d Ads ATs S\a
over incl. high low high low max
mm mm pum pum pum pm pm
10 18 0 -4 0 -80 15
18 30 0 -5 0 -120 245)
30 50 0 -6 0 -120 25
50 80 0 =7 0 -150 25
Outer ring
D ADS Sea
over incl. high low max
mm mm pum pum pum
18 30 0 -5 2,5
30 50 0 -6 225
50 80 0 =7 4
80 120 0 -8 5]
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Preload

SKF single direction angular contact thrust
ball bearings are produced with two preload
classes as standard: light (class A) and
heavy (class B). Preload values apply both
to single bearings and cartridge units. Axial
preload values for sets of two bearings
paired either back-to-back or face-to-face
(DB or DF) are shown in Table

Preload in unmounted condition, friction torque
and axial stiffness for single direction angular
contact thrust ball bearings, series BSA and BSD

Matched sets incorporating more than
two bearings (i.e. sets of three and four
bearings) have higher preloads. Preload
values for such sets can be obtained by
multiplying the values in the preload table
(O Table ) by the factors stated in
Table [E] page 242.

Table

Bearing Axial Axial Friction
designation preload stiffness torque

Class Preload

A B A B A B

N N/pum Nm
BSA 201 C 650 1300 350 455 0,016 0,029
BSA 202 C 775 1550 415 535 0,023 0,040
BSA 203 C 1040 2080 535 700 0,045 0,080
BSA 204 C 1480 2960 660 860 0,056 0,101
BSA 205 C 1580 3160 730 935 0,077 0,132
BSA 206 C 2250 4500 925 1180 0,132 0,224
BSA 207 C 2950 5900 1090 1390 0,202 0,345
BSA 305 C 2400 4800 905 1155 0,120 0,214
BSA 306 C 3300 6600 1025 1310 0,194 0,346
BSA 307 C 4500 9000 1200 1530 0,289 0,523
BSA 308 C 5000 10000 1350 1720 0,387 0,679
BSD 2047 C 1480 2960 660 860 0,056 0,101
BSD 2562 C 2400 4800 905 1155 0,120 0,214
BSD 3062 C 2250 4500 925 1180 0,132 0,224
BSD 3572 C 2950 5900 1090 1390 0,202 0,345
BSD 4072 C 2950 5900 1090 1390 0,202 0,345
BSD 4090 C 5000 10000 1350 1720 0,387 0,679
BSD 4575 C 2900 5800 1185 1515 0,256 0,414
BSD 45100 C 6500 13000 1535 1965 0,548 0,971
BSD 50100 C 6500 13000 1535 1965 0,548 0,971
BSD 55100 C 6500 13000 1535 1965 0,548 0,971
BSD 55120 C 7900 15800 1770 2260 0,800 1,400
BSD 60120 C 7900 15800 1770 2260 0,800 1,400
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Preload values refer to unmounted
bearings, i.e. when the bearing rings are
free to expand. Actual preloads will be
higher when bearings are mounted with
tight shaft/housing fits. Bearings with a
special preload can be supplied as well.

Preload factor for single direction angular contact
thrust ball bearings

Table
Bearing Preload factor
arrangement
in aset
TBT or TFT 1,36
QBT or QFT 1,57
QBC or QFC 2,00

Axial stiffness

Single direction angular contact thrust ball
bearings have been designed for superior
axial rigidity. Stiffness values are given
in Table 4] page 241 and refer to sets
of two bearings matched either DB or DF,
before mounting. Stiffness values for other
bearing arrangements can be obtained by
multiplying the values quoted in Table
by the factors in Table

Higher stiffness may be obtained
by using sets with still higher preloads,
although this is not advisable as too high
a preload will generate a temperature
rise. Please consult the SKF application
engineering service for more details.

Stiffness and friction factor for single direction
angular contact thrust ball bearings

Table
Bearing arrangement Stiffness factor Friction factor
in aset for low axial for high axial
bearing load bearing load?
TBT or TFT 1,45 1,64 1,35
QBT or QFT 1,79 2,24 1,55
QBC or QFC 2,00 2,00 2,00

1 Guideline values under the assumption of a high external axial load acting in the direction of the highest load

capacity of the bearing set (in accordance with DIN 628-6).

Friction torque

The bearings of series BSD and BSA have
been designed for low friction torque.
Friction torque is directly influenced by the
amount of preload actually acting on the
bearing sets, the higher the preload value,
the higher the friction torque.

Guideline values for friction torque are
given in Table page 241, based on
operating conditions with light and heavy
preload, and at low speed. The starting
torque will be approximately twice as high
as the operating running torque. The torque
values in the table apply to sets of two
bearings matched back-to-back or face-to-
face. Torque values for other bearing
arrangements can be obtained by
multiplying the values shown in Table
by the factors given in Table

Speed reduction factor for sets of single direction
angular contact thrust ball bearings

Cages

SKF single direction angular contact thrust
ball bearings are built to withstand rapid
speed changes and high rotational
accelerations. Under such conditions the
cage has to withstand high inertia forces.
Therefore, a special ball-centred cage of
injection moulded, glass fibre reinforced
polyamide 6,6 is applied. Generally these
cages may be used at temperatures up to
+120°C although short periods at higher
temperature will not have a detrimental
effect - provided they are followed by long
periods at lower temperatures.

The lubricants employed with rolling
bearings generally do not have any
detrimental effect on cage characteristics,
with the exception of some synthetic oils,
greases based on such oils and some )
lubricants containing large proportions of
EP additives, especially at high
temperatures.

Table

Bearing Bearing design

arrangement BSA 2, BSA 3 and BSD
Preload
A B

Set of 2 bearings paired in tandem 0,8 0,4

Set of 2 bearings paired back-to-back or face-to-face 0,8 0,4

Set of 3 bearings 0,65 0,3

Set of 4 bearings 0,5 0,25
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Speed ratings

The speed rating values quoted in the
product tables are guideline values for
single bearings with light preloads under
light loads. For bearing sets the values
should be reduced according to the number
of bearings in the set and their preload, see
Table [ page 243.

For grease lubrication the speed rating
values in the product tables can be used
directly. For other lubrication methods
certain factors have to be taken into
account, see Table [&l. The speed ratings
quoted for cartridge units already take into
account the number of bearings with which
the cartridge is filled.
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Lubrication

Single direction angular contact thrust ball
bearings can be lubricated with either
grease or oil. Generally, grease lubrication is
preferred as bearing design can be simple,
sealing arrangements uncomplicated and
maintenance requirements minimised.
Good quality, high grade greases with
EP-additives and good anti-brinelling
properties with an operating temperature
range of =30 to +120°C are recommended.
As a rule, a normal filling grade (25 % to
35 % of the free space in the bearings) is
recommended for a long-lasting lubrication.
If the bearings are running at very high
speeds, lower filling rates (e.g. 15 %) will
give lower temperatures and better
performance. The actual quantities are
given in the Table page 65 in the
Chapter: Principles of bearing selection
and application, section Lubrication and
Maintenance.

Speed reduction factor for different
lubrication methods

Table E
Lubrication Reduction factor
method
Oil bath 0,3-0/4
Oil mist 0,95
Oil jet Generally > 1 but depends very

much on oil type, oil supply rate,
oil inlet temperature, oil drainage
efficiency, etc. Please consult
the SKF application engineering
service for details.

. (495)-228-06-21, pakc (495) 223-3071

Design of associated

components

The single direction angular contact thrust
ball bearings are manufactured to a high
degree of accuracy and are primarily
intended for the support of precision ball
screws in numerically controlled machine
tools, and in robots. The high demands in
respect of running accuracy placed on

Accuracy of shaft seatings

these bearing arrangements can only be
achieved, however, if the accuracy of the
associated components corresponds to
bearing accuracy. Deviations in dimensions
and geometrical form must therefore be
as small as possible. Recommended
tolerances for the bearing seatings on
the spindle, and in the housing bore for
bearings and cartridges will be found in
the Tables and fig &), Tables [,
and fig and page 246.

Accuracy of form for shafts

Table Fig

Nominal Tolerance Tolerance grades
bore h4 Cylindricity Runout
diameter
d IT2 IT2
over incl. high low t, D t, 2 2 | A A
mm um pm pm

i f
10 18 0 -5 2 2 i
18 30 0 -6 2,5 2,5 | ©
3 5 0 -7 25 2.5 1 |
50 80 0o -8 3 3 )
1 See fig
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pocrecyofform ¢ " 0 Load carrying capacity
of bearing sets

The values given in the bearing tables for

the basic dynamic and static load ratings
apply to single bearings. For sets of bearings
it must be remembered that each bearing
can only support axial load acting in one

Accuracy of housing bore seatings for bearings

Table [ direction. It is therefore necessary to
N s T calculate bearln_g life etc. using only _the
bore H5 Cylindricity  Runout number of t_)earln_gs act_ually supportlng the_
diameter - thrust load in a given direction, i.e. for a pair
g 4 g s T T T T B of bearings arranged back-to-back, only
over incl. high low t, D 0 : . . .
one bearing will carry the load in a given
mm um pm pm direction. Appropriate guidance for calculating
the basic load ratings of bearings in

matched sets is given in Table

- 50 0 +11 2 4
50 80 0 +13 3 5
80 120 0 +15 4 6 5
1 See fig Dynamic and static load ratings
for ball screw support bearing sets
Accuracy of form [ Fig Table
for housings
for cartridge units Bearings Set Load Arrangement  Dynamic  Static = X Y
in a set direction
e[aq(A
2 DB [} m C Co 1,9 0,55
DF [} M © Co 1,9 0,55
Accuracy of housing bore seatings DT O M 163C 2Co - -
for cartridge units
g 3 TBT O am 1,63 C 2Cy 2,32 0,35
TBT O am © Co 1,43 0,76
Table [ TFT O il 1,63C 2Co 232 035
. TFT O m © Co 1,43 0,76
Nominal Tolerance Tolerance grades ns o m 216C 3C _ _
bore H6 Runout ! 0
glameter E 4 QBT O mm 2,16 C 3Cy 2,52 0,26
. X 1 QBT O mm © Co 1,17 0,88
over incl.  high low t QFT O m 2,16 C 3G, 252 0,26
'''''''''''''''' - © QFT 0 [ c CH 1,17 088
(] Al i QBC O or 0 D 1,63C 2Co 19 055
QFC 0 or O [ 1,63 C 2Cy 1,9 0,55
50 30 0 +19 5 QT O [m 2,64C 4 Cy - =
80 120 0 +22 6
120 150 0 +25 8
1 See fig

246 www.bergab.ru bepr Ab bergatsii@¥a.ru Ten. (498%£28-06-21, cpakc (495) 223-3071 247



5 Single direction angular conasppubsertyerbyires Bepr AB bergab@ya.ru Ten

Equivalent dynamic
bearing load

The equivalent dynamic bearing load for
single bearings and any configuration of
bearings in a set can be calculated —
separately for the two directions of axial
load — from

P=XF +YF, for F,/F <217
P=092F +F, for F/F, >217

where

P = equivalent dynamic load acting on
bearing or bearing set, N

F, =radial component of actual load acting
on bearing or bearing set, N

F, = axial component of actual load acting
on bearing or bearing set, N

X =radial load factor, see Table
page 247

Y = axial load factor, see Table

Note that when calculating the axial load
component Fa the (non-linear) influence of
internal bearing preload acting within the
bearing set must be taken into account.

Equivalent static bearing load

For bearing sets with bearings arranged
back-to-back or face-to-face, the equivalent
static load can be determined — separately
for each direction of axial load — from

Po = 4F, +Fy

where

Py = equivalent static load acting on
bearing or bearing set, N

F, =radial component of maximum static
load acting on bearing or bearing set,
N

F, = axial component of maximum static
load acting on bearing or bearing set,
N

The equation for the equivalent static load
is also valid for single bearings and bearings
arranged in tandem, provided the ratio F,/F,
does not exceed 0,25. Satisfactory but less
accurate values are obtained when F,/F, is
between 0,25 and 0,4.

Designation system

For series BSA 2 and BSA 3 conform to
ISO 15:1998 and metric series BSD the
complete designation of a single bearing
identifies the series itself and the bore
diameter. The designation of the series
BSD bearings includes both bore and
outside diameter. For bearing sets,
additional suffixes specify the number

of bearings in a set, their arrangement
in the set and preload class. Details of the
designation system are given in Table
page 250.
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The designation of cartridge units identifies
bore diameter, number of bearings and their
arrangement in a set, as well as the preload
class.

In cases where the application requires
special preload, SKF supplies single
bearings, bearing sets or cartridge units
with appropriate preload values. An
additional suffix G followed by the actual
preload value expressed in daN is then
shown in the designation (e.g. BSA
206 C/DBG360, matched set of two
bearings arranged back-to-back with
an 3600 N special preload).
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Product tables

Designations of single direction angular contact
thrust ball bearings for precision ball screws

Table
Basic designation
BS Ball Screw support bearings
A ISO 15 series Metric series D

Dimension series

2 ISO 15 Diameter Series 2 Not standardised -
) ISO 15 Diameter Series 3

Bore diameter Bore diameter
01 12 mm bore diameter Bore diameter, mm 20
02 15 mm bore diameter Outside diameter, mm 47
03 17 mm bore diameter

04 (x5) 20 mm bore diameter

15 (x5) 75 mm bore diameter

Dimension series

Contact angle

Internal design
C

Number of bearings in set

60 degrees

Special internal design

D Two bearings
T Three bearings
Q Four bearings

Bearing arrangement
in matched set

B Back-to-back

F Face-to-face

T Tandem

BT Back-to-back/tandem

FT Face-to-face/tandem

BC Back-to-back of pairs in tandem
FC Face-to-face of pairs in tandem
G For universal matching

Preload

A Light preload

B Heavy preload

G.. Special preload (value in daN e.g. G240)
EXAMPLES BSA 204 C/DBA
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d12—-75mm

~—H—

Iy ) fa I3

61

Y g8 P

I e
P} )

a
Principal Basic load ratings Fatigue Maximum  Speed ratings Mass  Designation Dimensions Abutment and fillet dimensions 5
dimensions dynamic static load axial Lubrication
limit load grease oil spot
d D H C Co Py d d; d, D; D, ro a da D, ra
= = = = min min max max
mm N N N r/min kg - mm mm
12 32 10 11400 18000 670 7250 12000 16000 0,024 BSA201C 12 18,0 22,3 21,7 27,0 0,6 24 18 29 0,6
15 35 11 12200 20400 765 8500 11000 15000 0,054 BSA202C 15 21,0 25,3 24,8 30,0 0,6 27 21 31,9 0,6
17 40 12 18300 37500 1370 13000 9700 13000 0,078 BSA203C 17 24,4 29,3 28,6 34,8 0,6 31 21,7 36,5 0,6
20 47 14 24000 52000 1930 19500 8200 11000 0,13 BSA 204 C 20 29,2 34,8 34,2 41,1 1 36 26,4 42,1 1
47 15 24000 52000 1930 19500 8200 11000 0,13 BSD 2047 C 29,2 34,8 34,2 41,1 1 37 26,4 42,1 1
25 52 15 24500 56000 2080 20800 7500 10000 0,15 BSA 205 C 25 33,2 38,8 38,2 45,1 1 40 31 47,2 1
62 17 36500 86500 3200 36 000 6700 9000 0,27 BSA 305 C 39,4 46,3 45,6 54,2 11 48 33,9 55,3 1
62 15 36500 86500 3200 36000 7200 9600 0,25 BSD 2562 C 39,4 46,3 45,6 54,2 11 47 33,9 55,3 1
30 62 16 32000 80000 3000 31500 6900 9300 0,24 BSA 206 C 30 41,0 47,3 46,6 54,4 1 48 36,8 56,7 1
62 15 32000 80000 3000 31500 7200 9600 0,22 BSD 3062 C 41,0 47,3 46,6 54,4 1 48 36,8 56,7 1
72 19 49000 114000 4250 52800 5900 7900 0,41 BSA 306 C 43,3 51,8 51,1 61,2 11 54 40,1 64,6 1
35 72 15 39000 104000 3900 42750 6 600 8900 0,3 BSD 3572 C 35 48,4 55,3 54,6 63,1 11 55 43,4 65,3 1
72 17 39000 104000 3900 42750 6300 8400 0,34 BSA 207 C 48,4 55,3 54,6 63,1 11 56 43,4 65,3 1
40 72 15 39000 104000 3900 42750 6 600 8900 0,27 BSD 4072 C 40 48,4 55,3 54,6 63,1 11 55 47,4 65,3 1
90 23 69500 183000 6800 78200 43800 6400 0,77 BSA 308 C 56,9 66,8 66,1 77,8 15 69 51,5 81,4 15
90 20 69500 183000 6800 78200 5100 6900 0,68 BSD 4090 C 56,9 66,8 66,1 77,8 15 69 51,5 81,4 15
45 75 15 35500 104000 3900 40200 6500 8700 0,27 BSD 4575 C 45 67,3 59,6 60,4 54,0 11 59 52,4 68,6 1
100 20 88000 240000 8800 107 400 4800 6500 0,83 BSD 45100 C 65,5 76,8 76,1 89,4 1,5 76 58,1 90,5 15
50 100 20 88000 240000 83800 107 400 4800 6500 0,77 BSD 50100 C 50 65,5 76,8 76,1 89,4 1,5 76 62,4 90,5 15
55 100 20 88000 240000 8800 107 400 4800 6500 0,74 BSD 55100 C 55 65,5 76,8 76,1 89,4 15 76 65,5 90,5 15
120 20 112000 320000 11800 130000 4300 5800 1,15 BSD 55120 C 78,7 91,4 90,6 105,6 1 89 86,5 1115 1
60 120 20 112000 320000 11800 130000 4300 5800 1,09 BSD 60120 C 60 78,7 91,4 90,6 105,6 1 89 72,5 1115 1
110 22 78000 245000 9000 90000 4200 5600 0,95 BSA 212C 77,4 87,4 86,6 98,3 15 86 70,9 101,8 15
75 130 25 81500 280000 10400 100000 3600 4700 1,6 BSA 215C 75 89,4 99,4 98,6 110,3 1,5 98 85,3 122,3 15
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d 20—55 mm

A
Al
- A A
J,
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>N N N N N N . . 6 I X B
N\ N\ / / -
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fa— 45° 5
| | 5 0
—
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Dimensions Mass Designation® Designation Basic load ratings Maximum  Axial rigidity Friction torque Speed rating
dynamic  static axial load Preload class Preload class Preload class
A B A B A B

d, A A A, A; D D, Dy Db H J J, N Ny c Co
mm kg - N N N/pum Nm r/min
20 77 74,26 32 13 64 60 26 37 9 76 438 32 66 27 175 FBSA 204/QBCA FBSA 204/QBCA 39000 104 000 39000 1320 1720 0,112 0,202 4100 1800

77 72,74 32 13 64 60 26 37 9 76 438 32 66 27 175 FBSA 204/QFCA 39000 104 000 39000 1320 1720 0,112 0,202 4100 1800
25 82 80,26 32 15 88 80 38 52 120 102 60 44 92 43 35 FBSD 25/QBCA FBSD 25/QBCA 60 000 173000 72000 1810 2310 0,24 0,428 3600 1600

82 78,74 32 15 88 80 38 52 120 102 60 44 92 43 35 FBSD 25/QFCA 60 000 173000 72000 1810 2310 0,24 0,428 3600 1600
30 82 80,26 32 15 88 80 38 52 120 102 60 4 92 43 34 FBSD 30/QBCA FBSD 30/QBCA 52000 160 000 63000 1850 2360 0,26 0,448 3600 1600

82 78,74 32 15 83 80 38 52 120 102 60 44 92 43 34 FBSD 30/QFCA 52000 160 000 63000 1850 2360 0,26 0,448 3600 1600
35 82 80,26 32 15 98 90 45 59 130 113 65 49 92 43 425 FBSD 35/QBCA FBSD 35/QBCA 64000 208000 85500 2180 2780 0,404 0,69 3300 1400

82 78,74 32 15 98 90 45 59 130 113 65 49 92 43 425 FBSD 35/QFCA 64000 208000 85500 2180 2780 0,404 0,69 3300 1400
40 106 104,26 435 17 128 124 55 75 165 146 88 64 114 52 96 FBSD 40/QBCA FBSD 40/QBCA 114000 366 000 156 400 2700 3440 0,774 1,358 2600 1100

106 102,74 435 17 128 124 55 75 165 146 88 64 114 52 96 FBSD 40/QFCA 114000 366 000 156 400 2700 3440 0,774 1,358 2600 1100
45 106 104,26 435 17 128 124 70 82 165 146 97 64 114 62 935 FBSD 45/QBCA FBSD 45/QBCA 143000 480000 214800 3070 3930 1,096 1,942 2400 1000

106 102,74 435 17 128 124 70 82 165 146 97 64 114 62 935 FBSD 45/QFCA 143000 480000 214800 3070 3930 1,096 1,942 2400 1000
50 106 104,26 435 17 128 124 70 82 165 146 97 64 114 6,2 9,05 FBSD 50/QBCA FBSD 50/QBCA 143000 480000 214800 3070 3930 1,096 1,942 2400 1000

106 102,74 435 17 128 124 70 82 165 146 97 64 114 62 9,05 FBSD 50/QFCA 143000 480000 214800 3070 3930 1,096 1,942 2400 1000
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d 55—-60 mm

A
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Dimensions Mass Designation® Designation Basic load ratings Maximum  Axial rigidity Friction torque Speed rating
dynamic  static axial load Preload class Preload class Preload class
A B A B A B

d, A A A, A; D D, Dy Db H J J, N Ny c Co
mm kg - N N N/pum Nm r/min
55 106 104,26 435 17 148 144 86 103 185 166 1125 74 114 6,2 11,7 FBSD 55/QBCA FBSD 55/QBCA 183000 640000 260000 3540 4520 1,6 2,8 2150 900

106 104,26 435 17 148 144 86 103 185 166 1125 74 114 6,2 11,7 FBSD 55/QFCA 183000 640000 260000 3540 4520 1,6 2,8 2150 900
60 106 104,26 435 17 148 144 86 103 185 166 1125 74 114 62 114 FBSD 60/QBCA FBSD 60/QBCA 183000 640000 260000 3540 4520 1,6 2,8 2150 900

106 104,26 435 17 148 144 86 103 185 166 1125 74 114 6,2 11,4 FBSD 60/QFCA 183000 640000 260000 3540 4520 1,6 2,8 2150 900

1) The designations are given for units with lightly preloaded bearing sets (suffix A). To specificy a heavy preload the suffix
should be changed to B. e.g. FBSD 204/QBCB

Please contact SKF as to availability.
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6 Locking devices

Locking devices

Locking devices for the axial location of
high-precision bearings on the shaft must
be made very accurately. Normal design
lock nuts with locking washers are not
entirely suitable for high-precision bearings
because of the relatively large manufacturing
tolerance for the thread and the abutment
surfaces, which may lead to shaft deformation
and alterations in the axis of rotation. They
should provide even support for the inner
ring around its whole circumference,
preventing shaft deformation, particularly
under conditions of heavy preload. They
should also be simple to mount and
dismount. To meet the high demands of
machine tool applications, both technically
and economically, SKF produces precision
lock nuts, and also developed the stepped
sleeve.

SKF lock nuts of the KMT and KMTA
designs were developed for use with high-
precision bearings and their dimensions
were chosen to match. KMT and KMTA nuts
have both locking pins and differ principally
in their external form and also, in part, in the
pitch of the thread.

Stepped sleeves are pressure joints with
two fitting surfaces, of slightly different
diameters, arranged adjacent to each other.
They enable bearing arrangements having
high running accuracy to be produced.

The sleeves are not supplied by SKF but
recommendations regarding design and
suitable dimensions are given in the
relevant section (page 276).

Lock nuts

Two different designs

SKF manufactures two different types of
precision lock nuts with locking pins: the
KMT and the KMTA. Both enable bearings
and other components to be simply and
reliably located in the axial direction on
shafts, with high accuracy. Their special
design feature consists of three sintered
steel locking-pins, which are equally spaced
around the circumference. These pins are
pressed against the shaft thread by grub
screws with an internal hexagon and
prevent the nut from turning. Mounting is
easy and the design simple. Additional
locking washers or slots in the shaft are not
required. The locking pins and grub screws

The locking pins and grub screws are arranged at
the same angle to the shaft as that of the thread
flanks

Fig
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are arranged at the same angle to the shaft
axis as that of the thread flanks. The ends
of the pins are machined in a single
operation with the nut thread and
consequently also have a threaded profile.
The nut is locked in position purely as a
result of the friction between the locking
pins and the shaft thread, and the adhesive
friction between the flanks of the thread.

Therefore, the locking pins are not
subjected to the axial loads that act on the
nut. When the nut is locked, the thread
flanks are not relieved of loads axially and
the nut is not deformed (O fig E¥). Another
advantage of the KMT and KMTA nuts is
that they are adjustable. The three equally
spaced locking pins enable the nut to be
accurately positioned at right angles to the
shaft, or they can be used to adjust for
inaccuracies or deviations of other
components that are to be located on the
shaft. As the locking pins are not deformed,
KMT and KMTA nuts retain their high
precision irrespective of the number of
times they are mounted and dismounted.

An example of application of KMT lock
nuts is shown in fig [ page 262.
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6 Locking devices

KMT lock nuts

KMT lock nuts (O fig [4) are designed as
slotted nuts. Up to and including size 15
they are also provided with two diametrically
opposed flats to accept a spanner. They are
particularly suitable for applications where
simple assembly and reliable locking with
high precision are required.

KMT design

KMTA lock nuts

KMTA lock nuts (O fig [ll) differ from the
KMT nuts in their external form and in some
cases in the thread that has a different pitch,
but offer the same benefits. They have a
smooth cylindrical outside surface and are
intended for positions where space is
limited. As the outside surface is cylindrical,
the nut can also be used to form part of a
gap-type seal. Holes around the circumference
and in one side face facilitate mounting.

KMTA design

Fig

Fig Application example
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General data

Tolerances
The threads of KMT and KMTA nuts are
made to tolerance 5H and conform to
ISO 965-3:1998.

The recommended tolerance for the mating
thread on the shaft is 6g and conforms also
to ISO 965-3:1998.

Materials
KMT and KMTA lock nuts are made of
high-strength steel; their surfaces are
phosphated and oiled.

Sintered material is used for the
locking pins. The grub screws conform
to DIN 915:1980, strength class 45 H.

Mounting KMT and KMTA lock nuts
using spanners or keys

Fig
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Mounting

KMT lock nuts are very simple to mount.
Slots are provided around the circumference
and there are two diametrically opposed
flats on all nuts up to and including size 15.
Various types of spanners can be used
depending on the application and nut size,
including hook and impact spanners

(O fig [&). Appropriate sizes of spanner
and key (for the grub screws) are given

in the product table.

The KMTA lock nuts can be tightened
using hook spanners with studs to engage
the holes in the circumference. Alternatively
a pin-type face spanner, or a tommy bar
can be used. Appropriate hook spanners
are given in the product table.
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Product tables

To lock the KMT and KMTA nuts, the grub
screws should first be gently tightened until
the thread of the locking pin engages the
shaft thread. The grub screws should then
be firmly tightened alternately and evenly,
until the recommended tightening torque
quoted in the product tables is obtained.

If it is necessary to correct for any
misalignment between the abutment surfaces
of the nut and adjacent component, the
grub screw at the position of greatest
deviation should first be loosened and the
other two screws should be tightened to an
equal degree. The loosened screw should
then be retightened. If this correction for the
misalignment is found to be inadequate,
the procedure should be repeated until
the desired accuracy has been achieved
(O fig [&). This can be checked using a
dial gauge, for example.

Correction of misalignment between the abutment
of the nut and adjacent component

Fig

&

o
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Dismounting

It should be remembered when dismounting

KMT and KMTA lock nuts that the locking
pins will still firmly engage the shaft thread,
even after the grub screws have been
loosened. Light blows with a rubber hammer
to the nut, in the vicinity of the grub screws
will serve to loosen the pins. The nuts can
then easily be unscrewed from the shaft
thread.
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KMT precision lock nuts
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~60° ht ~/0
// b
d, d, d, d, _
Q 0
Dimensions Axial Grub screws Mass Designation Appropriate
load Size Tightening hook/impact
carrying torque spanner
capacity max to DIN 1810
G d1 d2 d3 d4 B b h M static
mm kN - Nm kg - -
M 10x%0,75 21 28 23 11 14 4 2 24 35 M5 4,5 45 KMT 0 HN 2/3
M 12x1 23 30 25 13 14 4 2 27 40 M5 4,5 50 KMT 1 HN 3
M 15x1 26 33 28 16 16 4 2 30 60 M5 4,5 75 KMT 2 HN 4
M 17x1 29 37 33 18 18 5 2 34 80 M6 8 0,10 KMT 3 HN 4
M 20x1 32 40 35 21 18 5 2 36 90 M6 8 0,11 KMT 4 HN 5
M 25%1,5 36 44 39 26 20 5 2 41 130 M6 8 0,13 KMT 5 HN 5
M 30%1,5 41 49 44 32 20 5 2 46 160 M6 8 0,16 KMT 6 HN 6
M 35x%1,5 46 54 49 38 22 5 2 50 190 M6 8 0,19 KMT 7 HN 7
M 40x1,5 56 65 59 42 22 6 25 60 210 M6 8 0,30 KMT 8 HN 8/9
M 45x1,5 61 70 64 48 22 6 25 65 240 M6 8 0,33 KMT 9 HN 9/10
M 50x%1,5 65 75 68 52 25 7 3 70 300 M6 8 0,40 KMT 10 HN 10/11
M 55x2 74 85 78 58 25 7 3 80 340 M8 18 0,54 KMT 11 HN 12/13
M 60x2 78 90 82 62 26 8 35 85 380 M8 18 0,61 KMT 12 HN 13
M 65x2 83 95 87 68 28 8 35 90 460 M8 18 0,71 KMT 13 HN 14
M 70%x2 88 100 92 72 28 8 35 95 490 M8 18 0,75 KMT 14 HN 15
M 75%2 93 105 97 77 28 8 35 100 520 M8 18 0,80 KMT 15 HN 15/16
M 80x2 98 110 100 83 32 8 3,5 - 620 M8 18 0,90 KMT 16 HN 16/17
M 85x2 107 120 110 88 32 10 4 - 650 M 10 35 1,15 KMT 17 HN 17/18
M 90%x2 112 125 115 93 32 10 4 - 680 M 10 35 1,20 KMT 18 HN 18/19
M 95x2 117 130 120 98 32 10 4 - 710 M10 35 1,25 KMT 19 HN 19/20
M 100x2 122 135 125 103 32 10 4 - 740 M10 35 1,30 KMT 20 HN 20
M 110%2 132 145 134 112 32 10 4 - 800 M10 35 1,45 KMT 22 HN 22
M 120x2 142 155 144 122 32 10 4 - 860 M10 35 1,60 KMT 24 TMFN 23-30
M 130%2 152 165 154 132 32 12 5 - 920 M10 35 1,70 KMT 26 TMFN 23-30
266 267
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~60°

d, d,d, d, — -—
Q 0
Dimensions Axial Grub screws Mass Designation Appropriate
load Size Tightening hook/impact
carrying torque spanner
capacity max to DIN 1810
G dl d2 d3 d4 B b h M static
mm kN — Nm kg - -
M 140x2 162 175 164 142 32 14 6 - 980 M 10 35 1,80 KMT 28 TMFN 23-30
M 150x%2 172 185 174 152 32 14 6 - 1040 M 10 35 1,95 KMT 30 TMFEN 23-30
M 160x%3 182 195 184 162 32 14 6 - 1100 M 10 35 2,10 KMT 32 TMEN 30-40
M 170x3 192 205 194 172 32 14 6 - 1160 M10 35 2,20 KMT 34 TMFN 30-40
M 180x%3 202 215 204 182 32 16 7 - 1220 M10 35 2,30 KMT 36 TMFN 30-40
M 190%3 212 225 214 192 32 16 7 - 1280 M10 35 2,40 KMT 38 TMFN 30-40
M 200x3 222 235 224 202 32 18 8 - 1340 M10 35 2,50 KMT 40 TMFN 30-40
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e
]

®
o
£

o

- O

~

[ L]
/n
—-———— O

z
=1

| |
J
Dimensions Axial Grub screws Mass Designation Appropriate
load Size Tightening hook
carrying torque spanner

G d, ds dy B Jy J, N, N, capacity to DIN 1810

h1l static max Form B
mm kN - Nm kg - -
M 25x1,5 42 35 26 20 325 11 4,3 4 130 M 6 8 0,13 KMTA 5 HN 5B
M30x1,5 48 40 32 20 405 11 43 5 160 M6 8 0,16 KMTA 6 HN 6B
M35x15 53 47 38 20 455 11 43 5 190 M6 8 0,19 KMTA 7 HN 7B
M 40x1,5 58 52 42 22 505 12 43 5 210 M6 8 0,23 KMTA 8 HN 8B
M45x1,5 68 58 48 22 58 12 43 6 240 M6 8 0,33 KMTA 9 HN 9B
M50x1,5 70 63 52 24 61,5 13 43 6 300 M6 8 0,34 KMTA 10 HN 10B
M55x1,5 75 70 58 24 66,5 13 43 6 340 M6 8 0,37 KMTA 11 HN 11B
M60x1,5 84 75 62 24 74,5 13 53 6 380 M8 18 0,49 KMTA 12 HN 12B
M 65%1,5 88 80 68 25 78,5 13 53 6 460 M8 18 0,52 KMTA 13 HN 13B
M 70x1,5 95 86 72 26 85 14 53 8 490 M8 18 0,62 KMTA 14 HN 14B
M 75x1,5 100 91 7 26 88 13 6,4 8 520 M8 18 0,66 KMTA 15 HN 15B
M 80x2 110 97 83 30 95 16 64 8 620 M8 18 1,00 KMTA 16 HN 16B
M 85x2 115 102 88 32 100 17 64 8 650 M10 35 1,15 KMTA 17 HN 17B
M 90x2 120 110 93 32 108 17 64 8 680 M10 35 1,20 KMTA 18 HN 18B
M 95x2 125 114 98 32 113 17 64 8 710 M10 35 1,25 KMTA 19 HN 19B
M 100x2 130 120 103 32 118 17 64 8 740 M10 35 1,30 KMTA 20 HN 20B
M 110x2 140 132 112 32 128 17 64 8 800 M10 35 1,45 KMTA 22 HN 22B
M 120x2 155 142 122 32 140 17 6,4 8 860 M 10 35 1,85 KMTA 24 HN 22B
M 130x3 165 156 132 32 153 17 6,4 8 920 M 10 35 2,00 KMTA 26 B 155-165
M 140x3 180 166 142 32 165 17 6,4 10 980 M 10 35 2,45 KMTA 28 B 180-195
M 150%3 190 180 152 32 175 17 64 10 1040 M10 35 2,60 KMTA 30 B 180-195
M 160x3 205 190 162 32 185 17 8,4 10 1100 M 10 35 3,15 KMTA 32 B 205-220
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)\‘B’
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o
°

o

o
/x

NiT N,
| |
J
Dimensions Axial Grub screws Mass Designation Appropriate
load Size Tightening hook
carrying torque spanner
G d, ds dy B Jy J, N, N, capacity to DIN 1810
h1l static max Form B
mm kN - Nm kg - -
M 170x3 215 205 172 32 195 17 8,4 10 1160 M 10 35 3,30 KMTA 34 B 205-220
M 180x3 230 215 182 32 210 17 8,4 10 1220 M 10 35 3,90 KMTA 36 B 230-245
M 190x3 240 225 192 32 224 17 8,4 10 1280 M 10 35 4,10 KMTA 38 B 230-245
M 200x3 245 237 202 32 229 17 84 10 1340 M10 35 3,85 KMTA 40 B 230-245
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6 Locking devices

Stepped sleeves

Two different designs

Stepped sleeves can either have a
conventional sleeve form, or it may be ring-
shaped. Ring-shaped stepped sleeves are
used, for example, where the sleeve is not
only intended for the axial location of a
bearing, it is also required to form part of a

Stepped sleeves: design examples

labyrinth seal (O fig ). The stepped
design of the fitting surface was chosen
principally to facilitate removal of the sleeve,
but also to simplify alignment after
mounting. If pressurised oil is injected
through the sleeve to its seating, a directed
axial force will be produced which causes
the sleeve to slide from its seating as soon

Fig

72 2

as a sufficient thickness of oil film has been
built up to separate the mating surface. For
manufacturing reasons, or where relatively
small axial forces are needed, the side of
the sleeve having the smaller diameter
surface can be given a loose fit on the
shaft. In order to be able to use the oil
injection method to dismount the sleeve, its
bore at this side should be sealed by means
of an O-ring. Stepped sleeves of this design
exert only half of the axial retaining force of
normal stepped sleeves.

Compared to threaded locking nuts,
stepped sleeves ensure a superior accuracy,
provided they are manufactured to a high
degree of accuracy. Conversely, stepped
sleeves are expensive to manufacture, have
to be designed properly, and require a
proper mounting procedure.

Stepped sleeves are generally used
in very high-speed spindles, where the
accuracy granted by conventional locking
devices may not be sufficient.
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General data

Dimensions
Stepped sleeves are not supplied by SKF
and must be produced by the user.
Recommended dimensions for stepped
sleeves with and without an O-ring, and
their seating are given in the product tables
(pages 280 - 283). When dimensioning and
manufacturing stepped sleeves, and the
corresponding shaft seating, it is necessary
to keep the difference in the degree of
interference, between the two seats of fitting
surfaces as small as possible. Experience
has shown that dismounting is difficult if the
difference is too large. The best approach is
to start with the difference between diameters
— the so-called step — as it is easier to keep
within narrow tolerances for this diameter
difference than for the diameter itself.
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6 Locking devices

Material

It is recommended that a steel, which can
be heat-treated, with a yield point of at least
550 MPa should be used for the sleeve.
Both sleeve and shaft should be hardened.
The fitting surfaces in the sleeve and on the
shaft should be ground.

Dimensions for the calculation
of the axial load carrying capability

Axial load carrying capability
The axial load carrying capacity of the joint

can be calculated with the following formula:

F = ymdLp

F = axial load carrying capacity of the joint,
N

p = friction coefficient

L =length of the joint, mm

The friction coefficient, Y4, can be assumed
to be 0,14.

Assuming that both components are
made of steel, the surface pressure
between sleeve and shaft can be
determined by the following equation:

206 000 A

1+c¢?  1+c?
| + e d
1-¢2 1-c?

Fig

v,

where (O fig [2):

p = surface pressure, MPa
A =interference fit, mm

¢ =di/d

Ce = dg/d

d; = bore diameter of shaft, mm

d = outside diameter of shaft, mm
de = outside diameter of sleeve, mm

For stepped sleeves on solid shafts or thick-
walled hollow shafts, the following surface
pressures are obtained in the sleeve/shaft
contacts, if recommendations regarding
dimensions and tolerances have been
followed:
« approximately 40 MPa for diameters

of approximately 30 mm
« approximately 35 MPa for diameters

of approximately 100 mm
« approximately 22 MPa for diameters

of approximately 200 mm
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These produce retaining forces of
approximately 300, 550 and 1 000 N per
mm hub width respectively. Based on these
values, it is possible to make a rough
estimate of the retaining force that can be
exerted by a mounted stepped sleeve.

When designing the stepped sleeve,
shock forces acting in an axial direction
on the sleeve must also be taken into
consideration. If necessary, a threaded
nut which is lightly tightened, and which
can also serve as a mounting aid, can
be used to secure the sleeve.

Thin-walled shafts may be subject to a
relatively large diametrical deformation as
the contact pressure must be high.
Therefore, the sleeve for shafts of this kind
should be made with a relief closest to the
bearing, to avoid deformation of the bearing
seating. The length of the relief should be
15-20 % of the shaft diameter.
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6 Locking devices

Mounting and dismounting

To mount the stepped sleeve on the shaft,
it should first be heated to a temperature
higher than that of the shaft, by the number
of degrees given in the dimension tables. It
should then be pushed on its shaft seating.
After it has cooled, oil should be injected
between the mating surfaces and a suitable
tool used to bring the sleeve into its correct
position. In order to avoid localised stress
peaks from occurring, the oil should be

injected slowly and the oil pressure regulated.

As the sleeve ‘swims’ on an oil film, any
stresses produced during the shrinking

on the sleeve will be relieved, and the
components can be correctly positioned
with respect to each other. After mounting
has been completed the oil between the
mating surfaces must be allowed to drain
and the mounting tool must remain in
position whilst this happens. Normally it
takes some 24 hours before the sleeve can

support its full load. If stepped sleeves are
to be mounted against bearings that are
already greased, care should be taken to
see that the injected oil does not mix

with the grease and impair its lubricating
properties.

To dismount the sleeve it is only necessary
to inject oil between the sleeve and shaft.
When an oil film has been built up and
separates the mating surfaces, an axial
force will result from the stepped diameters,
and the sleeve will slide from its seating
without any external force being required.
As the sleeve may be ejected from its
seating quite suddenly, it is recommended
that a stop be provided on the shaft.

Further information on stepped sleeves
dismounting and mounting are shown in the
Chapter Principles of bearing selection and
application, section dismounting, mounting
and inspection page 84.
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Dimension tables
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Recommended dimensions for g bergab.ru bepr Ab bergab@ya.ru Ten. (495)-228-06-21, cakc (495) 2238Qifrended dimensions for stepped

sleeve and their seatings eve with O-ring and their seating

82 Bz
B - B——m=
M4x0,5 M4x0,5
[ 4 C. =

ARy

d; d,4—

L,
Ls
Shaft Stepped sleeve Stepped ring Shaft Stepped sleeve
Dimensions Temperature Dimensions Appropriate  Temperature
Shaft Stepped sleeve or ring differential? Shaft Stepped sleeve O-ring differential?
dy d, ds d, ds D B, B, Bs Ly L, d,  dp L, dg dg ds D B B, L, Ly L4
hy h, Hy Hy +0,5 j13 j13 hy fz j13 Hy +0,5 Hg j13 +0,2
mm degrees mm - degrees
17 16,968 16,95 16,977 19 27 26 31 13 15 8,5 120 17 16,95 17 16,977 19 20,6 27 26 31 16 65 31 16,3x2,4 120
20 19,964 19,94 19,971 22 30 28 33 14 16 9 120 20 19,95 19 19,971 22 23,6 30 28 33 18 65 31 19,3x2,4 120
25 24,956 24,92 24,954 27 35 30 35 15 17 9,5 120 25 24,9 21 24,954 27 295 35 30 35 20 7 3,9 24,2x3,0 120
30 29,946 29,91 29,954 32 40 32 38 16 18 10 120 30 29,9 24 29,954 32 34,5 40 32 38 22 7 3,9 29,2x3,0 120
35 34,937 34,9 34,943 37 47 34 40 17 19 10,5 110 35 34,9 26 34,943 37 39,5 47 34 40 24 7 3,9 34,2x3,0 110
40 39,937 39,9 39,943 42 52 36 42 18 20 11 110 40 39,9 28 39,943 42 445 52 36 42 26 7 3,9 39,2x3,0 110
45 44,927 44,88 44,933 47 58 38 46 19 21 11,5 110 45 44,9 32 44,933 47 49,5 58 38 46 28 7 3,9 44,2%x3,0 110
50 49,917 49,86 49,923 52 63 40 48 20 22 12 110 50 49,9 34 49,923 52 54,5 63 40 48 30 7 3,9 49,2x3,0 110
55 54,908 54,85 54,922 57 70 42 50 21 23 12,5 110 55 54,9 36 54,922 57 59,5 70 42 50 32 7 3,9 54,2x3,0 110
60 59,908 59,85 59,922 62 75 44 54 22 24 13 110 60 59,9 40 59,922 62 64,5 75 44 54 34 7 3,9 60,0x3,0 110
65 64,898 64,83 64,912 67 80 46 56 23 25 13,5 90 65 64,85 42 64,912 67 69,5 80 46 56 36 7 3,9 65,0x3,0 90
70 69,898 69,83 69,912 72 86 48 58 24 26 14 90 70 69,85 42 69,912 72 745 86 48 58 36 8 3,9 69,5%3,0 90
75 74,898 74,83 74,912 77 91 50 60 25 27 14,5 90 75 74,85 44 74,912 77 79,5 91 50 60 38 8 3,9 74,5%x3,0 90
80 79,888 79,82 79,912 82 97 52 62 26 28 15 90 80 79,85 46 79,912 82 84,5 97 52 62 40 8 3,9 79,5%3,0 90
85 84,88 84,81 84,9 87 102 54 64 27 29 155 90 85 84,85 48 84,9 87 89,5 102 54 64 42 8 3,9 85,0x3,0 90
90 89,88 89,8 89,9 92 110 56 68 28 30 16 90 90 89,85 52 89,9 92 945 110 56 68 44 8 3,9 90,0%x3,0 90
95 94,87 94,79 94,9 97 114 58 70 29 31 16,5 70 95 94,85 54 94,9 97 99,5 114 58 70 46 8 3,9 94,5x3,0 70
100 99,87 99,79 99,9 102 120 60 72 30 32 17 70 100 99,85 54 99,9 102 104,5 120 60 72 46 9 3,9 100,0x3,0 70
105 104,87 104,78 104,89 107 125 62 74 31 33 17,5 70 105 104,85 56 104,89 107 109,5 125 62 74 48 9 3,9 105,0x3,0 70
110 109,86 109,77 109,89 112 132 64 76 32 34 18 70 110 109,85 58 109,89 112 1145 132 64 76 50 9 3,9 110,0x3,0 70
120 119,86 119,77 119,89 122 142 68 80 34 36 19 70 120 119,85 62 119,89 122 1245 142 68 80 54 9 3,9 120,0x3,0 70
130 129,852 129,75 129,868 132 156 72 84 36 38 20 70 130 1298 66 129,868 132 134,4 156 72 84 58 9 3,9 130,0x3,0 70
140 139,852 139,74 139,858 142 166 76 88 38 40 21 70 140 1398 70 139,858 142 1444 166 76 88 62 9 3,9 140,0x3,0 70
150 149,842 149,73 149,858 152 180 80 95 40 42 22 70 150 1498 73 149,858 152 159 180 80 95 62 13 7,4 149,2x5,7 70
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Recommended dimensions for g bergab.ru bepr Ab bergab@ya.ru Ten. (495)-228-06-21, cakc (495) 223BQirnded dimensions for stepped

sleeve and their seatings eve with O-ring and their seating

82 Bz
B; - B
M4x0,5 M4x0,5
[ 4 Co
ARy { ]
d d
ds d, T D
zz22227222 - - — 7222224
-
L,
Ll————L ——
Ls
Shaft Stepped sleeve Stepped ring Shaft Stepped sleeve
Dimensions Temperature Dimensions Appropriate  Temperature
Shaft Stepped sleeve or ring differential? Shaft Stepped sleeve O-ring differential?
d; d, ds dy ds D B: B, B, L L, d dp L, dy dg d D B B, L, Ly L,
hy h, Hy Hy +0,5 j13 j13 hy fz j13 Hy +0,5 Hg j13 +0,2
mm degrees mm - degrees
160 159,842 159,73 159,858 162 190 84 99 42 44 23 70 160 159,8 77 159,858 162 169 190 84 99 66 13 7,4 159,2x5,7 70
170 169,842 169,72 169,848 172 205 88 103 44 46 24 70 170 169,8 81 169,848 172 179 205 88 103 70 13 7,4 169,2x5,7 70
180 179,832 179,71 179,848 182 220 92 110 46 48 25 70 180 179,8 88 179,848 182 189 220 92 110 74 13 7,4 179,2x5,7 70
190 189,834 189,7 189,836 192 230 96 114 48 50 26 70 190 189,8 92 189,836 192 199 230 96 114 78 13 7,4 189,2x5,7 70
200 199,834 199,7 199,836 202 245 100 118 50 52 27 60 200 1998 96 199,836 202 209 245 100 118 82 13 7,4 199,2x5,7 60
1 The difference in temperature between shaft and sleeve (ring) when mounting 1 The difference in temperature between shaft and sleeve (ring) when mounting

2) Ly = length of stepped sleeve over diameter d; = L, + B, — By — 4 (mm)
3) L, = length of stepped ring over diameter d, = L, — 4 + recessed d, section (mm)
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7 Gauges

Gauges

Conventional measuring methods and
instruments are not always suitable for
checking the seatings for rolling bearings,
or measuring clearance or preload. SKF
has therefore developed a range of gauges
specially designed to meet the needs of
rolling bearing applications.

Ring gauges of series GRA 30 and taper
gauges of series DMB can be used to check
the most commonly occurring tapered
seatings. Measurements can be made
quickly and accurately. Whilst a ring gauge
can only be used to check tapered seatings
for one particular bearing size, the taper
gauges of series DMB can be used for a
given range of diameters, as well as for
tapers other than 1:12.

In order to be able to adjust the radial
internal clearance or preload of cylindrical
roller bearings with tapered bore when
mounting, it is necessary to be able to
accurately measure the circumscribed,
or inscribed circle diameter of the rollers
(diameter over or under the rollers). SKF
gauges of series GB 30 and GB 49 enable
these measurements to be made. They are
simple to use and have high measuring
accuracy.

Detailed information on taper gauges of
series DMB and other SKF measuring
equipment will be supplied on request.

Ring gauges, series GRA 30

SKF ring gauges of series GRA 30 are
practical aids for checking the tapered shaft
seatings for bearings of series NN 30 K
that are commonly used in machine tool
applications. The gauges can also be used
to check the shaft seatings for bearings of
series N 10 K, but more particularly those
of series NNU 49 BK; the width of the latter
series differs only slightly from that of series
NN 30 K.

The ring gauges are available for tapered
seatings up to 200 mm diameter, see
product table, pages 288 — 289. For seatings
with diameters larger than 200 mm, the
requisite rings would be difficult to handle
because of their weight, and the use of
a taper gauge is recommended.

Measuring

The gauging or reference face of ring gauges
series GRA 30 is at the large end of the
bore and is used to determine the position
of the tapered seating relative to a reference
surface on the shaft. This reference surface
may be either in front of, or behind the
gauging face of the ring gauge. Suitable
dimensions for the tapered seating can be
obtained from the product table. Where
there is a free choice of dimensions it
should be remembered that the reference
length B, should always be longer than the
dimension By, the width of the intermediate
ring, by an amount corresponding to the
difference B.— By, as the bearing will be
driven up further than the ring gauge, on to

Measuring tapered seats with
a GRA 30 series gauge
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the seating, when the bearing is being
mounted. The final value of the dimension
By, is determined during mounting, taking
into account the desired bearing internal
clearance.

Ring gauges can also be used to check
whether the reference surface of the shaft
shoulder is at right angles to the centreline
of the tapered seating, as well as to check
the position and diameter of the seating.
This is achieved by measuring the distance
between the gauging surface of the ring
gauge and the reference surface of the
shaft using end measures. Errors of form,
of the taper are checked using marking blue

(O fig E1).

Fig
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T
o e T e e
IR
da dp
i '
LN L
4—‘ Bp=—
fe—— Bg—
Bearing Bearing seating Ring gauge Bearing Bearing seating Ring gauge
Designation ~ Dimensions Dimensions Mass Designation Designation ~ Dimensions Dimensions Mass Designation
d, dy By B, By d d; B d, dy By B, By d d; B
Nominal  Tolerance Nominal  Tolerance
- mm mm kg - - mm mm kg -
NN 3005 K 25,1 27 4 4,2 0,1 19 25 46 16 0,13 GRA 3005 NN 3024 K 120,25 124 15 155 0,15 58,5 120 162 46 3,05 GRA 3024
NN 3006 K 30,1 32 6 6,2 0,1 24 30 52 19 0,18 GRA 3006 NN 3026 K 130,25 135 15 155 +0,15 64,5 130 175 52 3,95 GRA 3026
NN 3007 K 35,1 37 6 6,2 0,1 25 35 57 20 0,21 GRA 3007 NN 3028 K 140,3 145 15 15,6 +0,15 65 140 188 53 4,75 GRA 3028 7
NN 3008 K 40,1 42 8 8,2 +0,1 28 40 62 21 0,26 GRA 3008 NN 3030 K 150,3 155 15 15,6 +0,15 68 150 200 56 5,6 GRA 3030
NN 3009 K 45,1 47 8 8,2 +0,1 30 45 67 23 0,31 GRA 3009 NN 3032 K 160,3 165 15 15,6 +0,15 72 160 215 60 6,8 GRA 3032
NN 3010 K 50,1 52 8 8,2 0,1 30 50 72 23 0,34 GRA 3010 NN 3034 K 170,3 176 15 15,6 +0,15 79 170 230 67 8,8 GRA 3034
NN 3011 K 55,15 57 8 8,3 +0,12 32,5 55 7 26 0,42 GRA 3011 NN 3036 K 180,35 187 20 20,7 +0,15 90,5 180 245 74 11,5 GRA 3036
NN 3012 K 60,15 62 10 10,3 +0,12 34,5 60 82 26 0,45 GRA 3012 NN 3038 K 190,35 197 20 20,7 +0,18 91,5 190 260 75 13 GRA 3038
NN 3013 K 65,15 67 10 10,3 +0,12 34,5 65 88 26 0,51 GRA 3013 NN 3040 K 200,35 207 20 20,7 +0,18 98,5 200 270 82 15 GRA 3040
NN 3014 K 70,15 73 10 10,3 +0,12 38,5 70 95 30 0,69 GRA 3014
NN 3015 K 75,15 78 10 10,3 +0,12 38,5 75 100 30 0,73 GRA 3015
NN 3016 K 80,15 83 12 12,3 +0,12 44,5 80 105 34 0,88 GRA 3016
NN 3017 K 85,2 88 12 12,4 +0,15 44 85 112 34 1 GRA 3017
NN 3018 K 90,2 93 12 12,4 +0,15 47 90 120 37 1,3 GRA 3018
NN 3019 K 95,2 98 12 12,4 +0,15 47 95 128 37 1,55 GRA 3019
NN 3020 K 100,2 103 12 12,4 +0,15 47 100 135 37 1,7 GRA 3020
NN 3021 K 105,2 109 12 12,4 +0,15 51 105 142 41 21 GRA 3021
NN 3022 K 110,25 114 12 12,5 +0,15 54,5 110 150 45 2,6 GRA 3022
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D

Internal clearance gauges,
series GB 30

SKF gauges of series GB 30 are available
for use with double row cylindrical roller
bearings NN 3006 K to NN 3040 K
inclusive, and may also be used for the
single row bearings of series N10 K.

SKF gauges of series GB 30 are made
in two different designs, depending on size.
The illustration above the table on page 291
shows the design of gauges GB 3006 to
GB 3020 inclusive. These can be used
to measure the envelope diameter of the
roller set (i.e. the diameter over the rollers
when in contact with the inner ring raceway)
to an accuracy of 1 um. The larger gauges,
sizes GB 3021 to GB 3040 inclusive, have
the design that is shown in the right-hand
illustration above the table on page 292,
and a measuring accuracy of 2 um.

The body of gauges up to, and including
size GB 3020 is in two parts; that of the
larger sizes is slotted.

The gauge body has two diametrically
opposed gauging zones that are ground on
its bore diameter. The body can be expanded
by means of an adjustment screw. This
enables the gauge to be pushed over the
inner ring with roller and cage assembly
without damaging the rollers and gauging
surfaces. The measuring ring that is screwed
to one half of the gauging ring, transmits
the diameter measured by both halves of
the gauging ring to the indicator dial.
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Measuring

Using a bore gauge, the raceway diameter
of the mounted outer ring is measured, and
the recorded dimension transferred to the
centres of the gauging zones, taking into
account the desired radial internal clearance
or preload. The indicator of the GB 30 gauge
is then set to zero. The inner ring with roller
and cage assembly is pushed on to its
tapered journal, and driven up until the
indicator on the pre-set gauge again shows
zero, when the gauge is placed in position
around the roller set.

Mounting instructions

Detailed instruction for mounting cylindrical
roller bearings with a separable outer ring,
and the adjustment of clearance or preload
using a gauge of series GB 30 will be found
in the Chapter Principles of bearing selection
and application, section mounting and
dismounting, pages 93— 96.

&
fiah
INVIE
N
fm— A —|
Bearing Gauge
Designation Dimensions Mass Designation
L H A
- mm kg -
NN 3006 K 107 175 36 2 GB 3006
NN 3007 K 112 180 37 2 GB 3007
NN 3008 K 117 185 39 2 GB 3008
NN 3009 K 129 197 40 25 GB 3009
NN 3010 K 134 202 40 25 GB 3010
NN 3011 K 144 212 43 3,5 GB 3011
NN 3012 K 152 222 44 4 GB 3012
NN 3013 K 157 225 44 4 GB 3013
NN 3014 K 164 232 48 5 GB 3014
NN 3015 K 168 236 48 5 GB 3015
NN 3016 K 176 244 52 6 GB 3016
NN 3017 K 185 253 53 6,5 GB 3017
NN 3018 K 198 266 56 8 GB 3018
NN 3019 K 203 271 56 9 GB 3019
NN 3020 K 212 280 56 9 GB 3020

201




Gauges, GB 30 series
GB 3021 — GB 3040
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Internal clearance gauges,
series GB 49

SKF gauges of series GB 49 are available
for use with double row cylindrical roller

product table page 295 shows the design
of larger gauges, GB 4940 to GB 4960,
and have a measuring accuracy of 2 um.
The body of gauges of series GB 49 is
slotted, so that both gauging ring halves
can be brought to bear on the roller set

Fig

H ; . h

bearings NNU 4920 BK to NNU 4960 BK with the appropriate pressure, as a result
— inclusive. of the inherent resilience of the material.
There are two different designs of the The outside cylindrical surface of the

gauge, depending on size. The illustration gauging ring has two ground gauging
on the left-hand above the product table zones at diametrically opposed positions.
page 295 shows the design of gauges GB An adjustment screw permits the body of
4920 to GB 4938 inclusive, and are used to the gauge to be compressed, so that the
measure the internal diameter of the roller gauge can be positioned inside the roller
set, when the rollers are in contact with the set without damaging the rollers or the
outer ring raceway, to an accuracy of 1 um. gauging surfaces (O fig [4).
The illustration on the right-hand above the

Bearing Gauge

Designation Dimensions Mass Designation

L H A

- mm kg -

NN 3021 K 322 350 46 10,5 GB 3021

NN 3022 K 332 362 46 11 GB 3022

NN 3024 K 342 376 48 12 GB 3024

NN 3026 K 364 396 54 13 GB 3026

NN 3028 K 378 410 54 145 GB 3028

NN 3030 K 391 426 58 15 GB 3030

NN 3032 K 414 446 60 16 GB 3032 Internal clearance gauges GB 49

NN 3034 K 430 464 62 17 GB 3034

NN 3036 K 454 490 70 175 GB 3036

NN 3038 K 468 504 70 18 GB 3038

NN 3040 K 488 520 74 19 GB 3040

GB 4920 to GB 4938 GB 4940 to GB 4960
292

293
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Measuring

After the gauge has been inserted in the
roller and cage assembly, the adjustment
screw is loosened until the two gauging
surfaces are in contact with the roller set.

The indicator of the gauge is then set
to zero.

The measured diameter inside the roller
set is then taken by using a stirrup gauge
and the indicator of the stirrup gauge set to
zero. The inner ring is then driven up on its
seating, on the spindle, until the indicator of
the stirrup gauge, with which, the inner ring
raceway is measured, shows the deviation GB 4920 to GB 4938 GB 4940 to GB 4960
from zero corresponding to the desired
radial internal clearance or preload.

Bearing Gauge
Designation Dimensions Mass Designation
A H
- mm kg -
NNU 4920 BK 128 138 2,5 GB 4920
NNU 4921 BK 128 143 3 GB 4921
NNU 4922 BK 128 148 3 GB 4922 7
NNU 4924 BK 133 162 35 GB 4924
NNU 4926 BK 138 176 4 GB 4926
NNU 4928 BK 138 186 4,5 GB 4928
NNU 4930 BK 148 204 6 GB 4930
NNU 4932 BK 148 212 6,5 GB 4932
NNU 4934 BK 148 224 8 GB 4934
NNU 4936 BK 157 237 9,5 GB 4936
NNU 4938 BK 157 248 10,5 GB 4938
NNU 4940 BK 105 263 12 GB 4940
NNU 4944 BK 105 283 13 GB 4944
NNU 4948 BK 105 303 14 GB 4948
NNU 4952 BK 120 340 15 GB 4952
NNU 4956 BK 120 360 17 GB 4956
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Other products and services
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Machine tool precision bearing service centres
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SKF Bearings for general engineering applications
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Other products and services

Machine tool precision
bearing service centres

SKF can help you in reducing downtime
with three service centres located at Villar
Perosa, Italy; Bethlehem, Pennsylvania
(USA); Chino, Japan, to meet your precision
machine tool bearings needs. These service
centres provide custom preloaded and
matched sets of high precision bearings,
with very short turn-around. This translates
into quicker deliveries, shorter lead times
and reduced inventories.

Publication 4808 “SKF precision bearing
service centres”.

Precision spindles

With design and production in Italy,
Gamfior; Germany, SKF Spindles; USA,
Russel T. Gilman; and Japan, PSC Chino,
SKF is a worldwide supplier of a complete
range of spindles from externally driven to
high speed motorised units. SKF spindles
are mainly used in the metal cutting
machine tool and woodworking industries,
but applications are also found in printing,
medical and factory automation.

Publications 4990 “Grinding solutions”;
5346 “Compact spindle for milling”;
5348 “Woodworking spindle”

Spindle service

SKF is operating a worldwide network of
Spindle Service Centres, where
professional reconditioning of almost any
machine tools spindle are handled.
Service centres are presently located in
Austria, France, Germany, India, Italy,
Japan, Sweden, UK and the US.
Services offered include from complete
reconditioning, bearing replacement, shaft
and nose restoration to performance
upgrade and root cause analysis.

Publication 5352 “SKF spindle service”.

SKF Bearings for general
engineering applications
Deep groove ball bearings, angular contact

ball bearings, cylindrical roller bearings,
taper roller bearings, etc.

SKF General Catalogue; also SKF Interactive
Engineering Catalogue available on
CD-ROM or on-line under www.skf.com
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Linear motion products Bearing greases, mounting
SKF offers a wide range of rolled and tOOIS and COIldlthIl

ground ball screws for precision linear monitoring equipment
positioning systems and linear guides.
Rolling bearings are precision products,
Publication 4664/4 “Product range”, or with dimensions in the order of microns
on-line under www.linearmotion.skf.com (2/1 000 of a millimetre) are of importance.
Furthermore, they are reliable machine
parts having a long service life, provided
that mounting and maintenance are carried
out properly. In order to ensure expert
mounting and maintenance, SKF has
developed a wide range of mounting and
dismounting tools, measuring instruments,
lubricating greases and auxiliary products.
In special seminars, the users are made
familiar with the necessary expert
knowledge and receive training.

The range includes: mechanical tools,
heaters, hydraulic equipment, instruments,
bearing lubricants and lubricators.

Condition monitoring solutions for
measuring: temperature, speed and noise,
oil cleanliness, vibration and bearing
condition are also available.

Publication MP3000 “SKF maintenance
and lubrication products”.
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Product index

The product range shown in this catalogue
comprises of more than 900 bearings, lock
nuts and gauges. In order to enable the
user to quickly find the technical data for a
product known only by its designation, the
products are listed by designation in
alphanumerical order in this index. The
page on which the product will be found is
provided, as well as a code to identify the
product type. The codes are explained as
follows:

AT1 Single direction angular contact
thrust ball bearing
AT2 Double direction angular contact

thrust ball bearing

FBS
GBA
HAC
HC1

HT2
KMT
SAC
SC1

SC2

rgab.ru bepr Ab bergab@ya.ru Ten. (495)-228-06-21, doakc (495) 2:

Flanged cartridge unit

Gauges

Hybrid angular contact ball bearing
Hybrid single row cylindrical roller
bearings

Hybrid double direction angular
contact thrust ball bearing

Lock nut

All-steel angular contact ball bearing
All-steel single row cylindrical roller
bearings

Full all-steel double row cylindrical
roller bearings

rgab.f@3epr Ab bergab@ya.ru Ten. (495)-228-06-21, dhakeof495) 2:
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Designation Code Page Designation Code Page
234407 B. ... .o AT2. 226 7O05ACE/MHC ................... HAC . ... ... 172
234408B. ...... .. AT . 226 TOO5S ACX . oo SAC ... 144
234409B....... ... AT . 226 7005ACXHC . ... HAC ..................... 164
234410B. .. ... N 1 226 7OO5CE ... SAC .. 156
234411B. . ... AT . 226 7005CEMHC .................... HAC ........... ... ...... 172
234412 ... AT2 . 226 TOO5CX .ot SAC ... 144
234413 .. L 226 7OO5CXMHC . ... HAC ... ... 164
234414 ... N 226 TOOBACE . ..., SAC ... 156
234415B. . ... AT2. 226 7006 ACE/HC . .................. HAC ... ... . .. 172
234416 ... AT2. 226 TOOBACX ..o SAC ... 144
234417 ..o AT2. 226 7006 ACXMHC . ...t [ 164
234418 .. AT2. 226 TOO6CE .......coviiiiiiaann.. SAC ... 156
234419B. . ... AT2. 228 7006 CE/HC . ............coo.... HAC . ... ... 172
234420 ... AT2. 228 TOOBCX . ve e SAC ... 144
234422 B. . ... AT2. 228 TOO6CXMHC . ... HAC . ... ... 164
234424 ... AT2. 228 TOO7ACD . ..o SAC ... 144
234426 . ... AT2. 228 7007 ACD/HC .. ................. HAC . ... ... . 164
234428 B. .. ... AT . 228 7007ACE ....... .o SAC ... 156
234430B. . ... .. AT . 228 7007 ACE/HC . .................. HAC ..................... 172
234432B. ... N 1 228 TOO7CD . .voe i SAC .. 144
234434 B. .. ... AT . e 228 7007CD/HC . ........ ... HAC ........... ... ...... 164
234436B......... .. AT2 . 228 7007 CE ... SAC ... 156
234438B. . ... A 228 7007CE/MHC ..., HAC ... ... 172
234440B. .. ... AT2. 228 TOOBACD . ....coiiiiiieiaan. SAC ... 144
TOOOACX .ot e e SAC .o 142 7008 ACD/HC .. ................. HAC . ... ... 164
7O000ACXMHC . ...........oou... HAC . .. 162 TOOBACE ........civiiiiinn... SAC ... 156
TO0OCX .ttt SAC . 142 7008 ACE/HC . .................. HAC ... ... . . .. 172
7O00CX/MHC . ... HAC . .. 162 7OOBCD .. ..ioi e SAC ... 144
TOOLACX .o ie e SAC .o 142 7008CD/HC . ... HAC . ... ... 164
7O00LACXMHC ...t HAC . .. 162 TOOBCE . .....oiviiiiiiiannn. SAC ... 156
TOOLCX o ie i SAC .o 142 7008CE/MC ............covn... HAC ... ... . 172
7O0LCXMC ... ..o HAC . .. 162 TOO9ACD . ...t SAC ... 146
TO02ACX .o ii e SAC .o 142 7009ACD/HC . ...........covu... HAC . ... ... 166
7002 ACXHC ................... HAC ... . 162 T7009ACE . ... SAC ... 156
TO02CX .ottt SAC . 142 7009 ACE/HC . .................. HAC ..................... 172
7002CXMHC ... HAC . . 162 7009CD ...ttt SAC ... 146
TOOBACX .. v it SAC . 142 7009CD/HC ... HAC ... ... 166
7003ACXMHC . ... HAC . . 162 7009CE .......co i SAC ... 156
TOOBCX o iee e SAC .o 142 7009CE/MHC ..., HAC ... ... 172
7O03CX/MC ... ..o HAC . .. 162 7OI0OACD . ...t SAC ... 146
TOOAACE . ...t SAC .o 156 7010ACD/HC .. ...t HAC . ... ... 166
7004 ACEHC ................... HAC . .. 172 7O1I0ACE ... ..o SAC ... 156
TOOAACX .o io e SAC .o 144 7010ACE/HC ................... HAC . ... ... . . 172
7O04ACXMHC ...t HAC . .. 164 7OI0CD ..ot SAC ... 146
TOOACE .....oiiiiiiiiiien. SAC .o 156 7010CD/HC ... ..o HAC . ... ... 166
7004CE/MHC . ..., HAC . .. 172 7OI0CE .. ..ttt SAC ... 156
TOOACX oo SAC .o 144 7010CE/MC . ...t HAC . ... ... 172
TOOACXMC ... ..o HAC . .. 164 TOI1ACD . ..o SAC ... 146
TOO5ACE . ...t SAC .o 156 7011ACD/HC . ........ ... HAC . ... ... 166
302 303
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Designation Code Page Designation Code Page
TO11ACE . ... SAC .o 158 7017ACEMHC ................... HAC . ... ... 174
7011ACEMHC ................... HAC ... . . 174 T017CD ...t SAC ... 148
7011CD ...t SAC .. 146 7017CD/MHC .................. .. HAC ..................... 168
7011CD/HC . ........ ... HAC ... 166 TOL7CE ... SAC ... 158
TO11CE ... SAC . 158 7017CEMHC . ................... HAC ........... ... ...... 174
7011 CEMHC .................... HAC . ... 174 7O01BACD . ... SAC ... 148
7012ACD . ... SAC .. 146 7018 ACD/HC . .................. HAC ... .. .. ... 168
7012ACD/HC . ... HAC . .. 166 TOI8ACE . ...t SAC ... 160
TO12ACE . ... SAC .o 158 7018 ACE/HC . .................. HAC ... ... . .. 176
7012ACEHC ................... HAC . .. 174 TOI8CD ..ot SAC ... 148
TOI2CD ..ot SAC .o 146 7018CD/HC . ... HAC . ... ... . .. 168
7012CD/HC ... ..ot HAC . .. 166 TOI8CE ..ot SAC ... 160
TOI2CE ...t SAC .o 158 7O018CE/MC . ...t HAC . ... ... 176
7012CE/MHC . ... HAC . .. 174 TOI9ACD . ..o SAC ... 150
TOIBACD . ..ot SAC .o 146 7019ACD/HC . ........ ... HAC . ... ... 168
7013ACD/HC . .........ccovu... HAC . .. 166 TOI9ACE . ...t SAC ... 160
TOIBACE . ...t SAC .o 158 7019ACEHC ................... HAC . ... ... . 176
7013ACEMHC ................... HAC ... 174 7019CD ... SAC ... 150
7013CD ..ottt SAC .. 146 7019CD/HC ...t HAC ..................... 168
7013CD/HC ... HAC . . 166 TO19CE ...t SAC .. 160
7O13CE ... SAC . 158 7019CE/MHC . ................... HAC ........... ... ...... 176
7013CEMHC .................... HAC ... 174 7020ACD . ... SAC ... 150
TO14ACD ... SAC . 148 7020ACD/HC . . ................. HAC ... ... .. ... 168
7014ACD/HC . ..., HAC . .. 168 7O020ACE ... ..o SAC ... 160
TOLAACE . ... SAC .o 158 7020ACE/HC . .................. HAC . ... ... 176
7014ACEMHC ................... HAC . .. 174 7O20CD ..ot SAC ... 150
TOLACD ..ot SAC .o 148 7020CD/HC ... ..o HAC . ... ... . . 168
7014CD/HC . ... HAC . .. 168 7O20CE .. ...t SAC ... 160
TOLACE ..ot SAC .o 158 7020CE/MHC . ...t HAC . ... ... 176
7014CEMC . ... HAC . .. 174 TO2LACD . ..o SAC ... 150
TOISACD . ..o SAC . o 148 TO2LCD . .oe i SAC ... 150
7015ACD/HC .. ... HAC . .. 168 TO22ACD . ..o SAC ... 150
TOI5ACE . ... SAC . 158 TO22CD ..ot SAC ... 150
7015ACEHC ................... HAC ... 174 T024ACD ... SAC ... 150
7015CD ... SAC .. 148 7024CD ... SAC ... 150
7015CD/HC . ........ ... HAC ... 168 7026 ACD . ... SAC ... 152
7OI5CE .. ... SAC . 158 7026 CD ... oot SAC ... 152
7015CEMHC . ................... HAC ... 174 702BACD . ... SAC ... 152
TOL6ACD . ... SAC .o 148 TO28CD .. ooio i SAC .. 152
7016 ACD/HC .. ..........oiu... HAC . .. 168 7O30ACD . ..ot SAC ... 152
TOI6ACE . ...t SAC . 158 7O30CD ..ot SAC ... 152
7016 ACE/HC . .................. HAC . .. 174 TO32ACD ... oo SAC ... 152
TOL6CD .. .ii e SAC .o 148 7O32CD .. iei e SAC ... 152
7016 CD/HC . ...t HAC . .. 168 TO34ACD . ...t SAC ... 152
TOI6CE ...t SAC .o 158 TO34ACD ..ot SAC ... 152
7016 CE/MHC .......... ..., HAC . .. 174 TO36ACD . ...t SAC ... 152
TOL7ACD . ..ot SAC .o 148 TO36CD ..ot SAC ... 152
7017ACDHC . ........ ..., HAC . .. 168 TO3BACD . ...t SAC ... 152
TOL7ACE . ...t SAC .o 158 7O3BCD ..ot SAC ... 152
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TOA0ACD . ..o SAC .o 154 71906 CX/MHC .. ... HAC . ... ... . 164
7040CD ... SAC . 154 71907 ACD ... SAC ... 144
TO44ACD . ... SAC . 154 71907 ACD/HC . . ...l HAC ..................... 164
TO44CD ... SAC . 154 71907 ACE . ... SAC ... 156
TOABACD . ... SAC . 154 71907ACEMHC . ................. HAC ........... ... .. .... 172
704BCD ... SAC .. 154 71907 CD .. ..o SAC ... 144
TOBCX .t SAC .. 142 71907CD/HC .. ................. HAC . ... ... .. .. ... 164
TOBCXMHC ... ..o HAC . .. 162 71907 CE ... .ot SAC ... 156
TOOCX .ot SAC .o 142 71907 CEMHC ...t HAC . .. ... . 172
TOOCXMHC ... HAC . .. 162 7190BACD . ... .ot SAC ... 144
71900 ACX ..ot SAC .o 142 71908 ACD/HC . ................. HAC . ... ... . .. 164
71900 ACX/HC ... ... HAC . .. 162 71908ACE ...t SAC ... 156
71900 CX . ovve e SAC .o 142 71908 ACE/HC . ................. HAC . ... ... .. 172
71900 CX/MHC .. ... HAC . .. 162 71908 CD . ..o ii i SAC ... 144
71901 ACX ..o SAC .o 142 71908CD/HC .. ................. HAC . ... ... 164
71901 ACX/HC ... ... HAC . .. 162 71908CE . ..... ..o SAC ... 156
TI90LCX .ot SAC .o 142 71908 CE/MHC .. ................. HAC . ... ... . 172
71901 CX/HC . ...t HAC ... . 162 71909ACD ... SAC ... 146
71902 ACX ..o SAC .. 142 71909 ACD/HC . . ...t HAC ..................... 166
71902 ACXMHC . ................. HAC . . 162 71909ACE . ...t SAC ... 156
71902 CX .ot SAC . 142 71909ACEMHC .................. HAC ........... ... ...... 172
71902CX/HC .. ... HAC . .. 162 71909CD . ...t SAC ... 146
71903 ACX . oot SAC o 142 71909CD/HC ... HAC ... ... 166
71903 ACX/MHC ... ... HAC . .. 162 71909CE ...t SAC ... 156
71903 CX . oviee e SAC . 142 71909 CE/HC .............oou... HAC . .. ... . 172
71903CX/MHC .. ... HAC . .. 162 71910ACD . . ..o oi e SAC ... 146
71904 ACE . ... SAC .o 156 71910 ACD/HC . .. ...t HAC . ... ... . . 166
71904 ACE/HC . ...t HAC . .. 172 71910 ACE . ... ..ot SAC ... 156
TI904ACX .ot SAC .o 144 71910 ACE/HC . ...t HAC . ... ... . 172
71904 ACX/HC . .. ..o HAC . .. 164 71910CD ... oo SAC ... 146
71904 CE . ...t SAC . o 156 71910CD/HC .. ... HAC . ... ... 166
71904 CEMHC ...t HAC . . 172 71910CE . ... SAC ... 156
T1904 CX . ooie e SAC . o 144 71910CEMHC . ............oo.... HAC ... ... . 172
71904 CX/HC . ...t HAC . ... 164 71911ACD . ... SAC ... 146
71905ACE . ... SAC .. 156 71911 ACD/HC . .. ... HAC ..................... 166
71905ACEHC . ................. HAC ... . 172 71911 ACE . ... i SAC ... 158
71905 ACX ..o SAC . 144 71911 ACEHC . ................. HAC ............. ... ..... 174
71905ACXMHC . ................. HAC ... 164 71911CD ... .o SAC ... 146
71905CE . ... SAC .. 156 71911CDMHC ................... HAC ... .. .. ... 166
71905CEMHC ................... HAC ... 172 71911 CE . ... ..o SAC ... 158
71905 CX .ot SAC . 144 71911 CEMHC ...t HAC ... ... . 174
71905CX/HC .. ... HAC . .. 164 71912ACD . ..o SAC ... 146
71906 ACE . ...t SAC .o 156 71912 ACD/HC . ................. HAC . ... ... . 166
71906 ACE/HC ... ............... HAC . .. 172 71912 ACE .. ... SAC ... 158
71906 ACX ..ot SAC .o 144 71912 ACE/HC ... ... HAC . ... ... 174
71906 ACX/HC ... ...t HAC . .. 164 71912CD ..o SAC ... 146
71906 CE . ... SAC .o 156 71912CD/HC . ... ... HAC ... ... . 166
71906 CE/HC .. ...t HAC . .. 172 T1912CE ... ..ot SAC ... 158
71906 CX .ot SAC . o 144 71912 CEMHC ......... ... HAC ... ... . 174
306 307

www.bergab.ru bepr Ab bergabB@¥a.ru Ten. (438$8228-06-21, pakc (495) 223-3071




9 Products index

www.bergab.ru bepr Ab bergab@ya.ru Ten. (495)-228-06-21, cakc (495) 223-3071

Designation Code Page Designation Code Page
71913ACD .. ..ot SAC .o 146 71919 ACD/HC . .. ............... HAC . ... ... 168
71913ACD/HC . . ... .o HAC ... . 166 71919ACE ...... ... SAC ... 160
71913ACE . ... SAC .. 158 71919 ACE/HC . ................. HAC ..................... 176
71913ACEHC . ................. HAC ... . 174 71919CD .. ... SAC ... 150
71913CD . ... SAC . 146 71919CD/HC . .................. HAC ............ ... ...... 168
71913CD/HC .. ... HAC . .. 166 71919CE ... ..ot SAC ... 160
71913CE . ... i SAC .. 158 71919CEMHC . .................. HAC . ... ... .. .. ... 176
71913CEMHC . .................. HAC ... 174 71920ACD ... .. SAC ... 150
71914 ACD . ..o SAC . 148 71920 ACD/HC . .. ...t HAC . ... ... 168
71914 ACD/HC . .. ...t HAC . .. 168 71920 ACE .. ... SAC ... 160
71914 ACE ... ..o SAC .o 158 71920 ACE/HC . ................. HAC . ... ... . .. 176
71914 ACEHC . .. ... ... HAC . .. 174 71920CD . ..ot SAC ... 150
71914 CD ..o oo SAC .o 148 71920CD/HC .. ... HAC . ... ... 168
71914CD/MHC .. ... HAC . .. 168 71920CE . .....ciiiiii SAC ... 160
T1914CE . ...t SAC .o 158 71920CE/MHC . ... HAC . ... ... 176
71914 CEMHC .. ... HAC . .. 174 71921ACD . ..ot SAC ... 150
71915ACD . ..o SAC .o 148 71921 ACD/HC . ................. HAC . ... ... 170
71915ACD/HC . .. ... .o HAC ... . 168 71921 ACE ...... .. i SAC ... 160
71915ACE .. ... SAC .. 158 71921 ACEHC . ................. HAC ..................... 176
71915ACEHC . ................. HAC ... 174 71921CD . ... SAC ... 150
71915CD .. ... SAC . 148 71921 CDHC . .................. HAC ..................... 170
71915CD/HC .. ................. HAC ... 168 71921 CE . ... .. SAC ... 160
71915CE . ... i SAC . 158 71921 CEMHC ................... HAC ... .. .. ... 176
71915CEMHC ................... HAC ... 174 71922 ACD ... .. SAC ... 150
71916 ACD . ..o SAC . 148 71922 ACD/HC . ................. HAC . ... ... .. 170
71916 ACD/HC . .. ............... HAC . .. 168 71922 ACE .. ... SAC ... 160
71916 ACE . ... SAC .o 158 71922 ACE/HC . ................. HAC . ... ... . . 176
71916 ACE/HC . .. ............... HAC . .. 174 71922CD ..ot SAC ... 150
71916 CD ... oo SAC .o 148 71922CD/HC .. ... HAC . ... ... 170
71916 CD/HC .. ................. HAC . .. 168 71922 CE . ... SAC ... 160
71916 CE . ...t SAC . o 158 71922 CEMHC ...t HAC . ... ... 176
71916 CE/HC .. ................. HAC . . 174 T1924ACD .. ..ot SAC ... 150
71917 ACD . ..o SAC . o 148 71924 ACD/HC . .. ............... HAC . ... ... 170
71917 ACD/HC . . ......... .. ..., HAC ... . . 168 71924 ACE ...... .. i SAC ... 160
71917 ACE . ... SAC .. 158 71924 ACEHC . ................. HAC ..................... 176
71917ACEMHC . ................. HAC ... . 174 71924 CD .. ... SAC ... 150
71917CD ... oo SAC . 148 71924CD/HC . .................. HAC ............ ... ...... 170
71917CDHC .. ......... ... ... HAC ... 168 71924 CE .. ... .. i SAC ... 160
71917 CE .. ... SAC .. 158 71924CEMHC ................... HAC ... .. .. ... 176
71917 CEMC ................... HAC ... 174 71926 ACD . ... ... SAC ... 152
71918 ACD . ..o SAC . 148 71926 ACD/HC . .. ............... HAC ... ... . 170
71918 ACD/HC ... ............... HAC . .. 168 71926 CD ... oot SAC ... 152
71918 ACE ... ..o SAC .o 160 71926 CD/HC .. ............. ... HAC . ... ... . . 170
71918 ACE/HC . .. ............... HAC . .. 176 71928ACD .. ..ot SAC ... 152
71918CD . ..ot SAC . o 148 71928 ACD/HC . ................. HAC . ... ... 170
71918CD/HC .. ....... ... HAC . .. 168 71928CD . ..ot SAC ... 152
71918CE . ...t SAC .o 160 71928CD/HC .. ....... ... HAC ... ... . 170
71918 CE/MHC .. ...t HAC . .. 176 71930ACD .. ..ot SAC ... 152
T1919ACD .. ..ot SAC . o 150 71930CD . ..o SAC ... 152
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T71932ACD . ..ot SAC .o 152 7209 ACD/HC .. ..........covun.. HAC . ... ... 166
71932CD ... SAC . 152 7209CD ... SAC ... 146
71934 ACD . ... SAC . 152 7209CD/HC . ... HAC ..................... 166
71934CD . ... SAC .. 152 7210ACD .. ... SAC ... 146
71936 ACD . ... SAC . 152 7210ACD/HC . . ................. HAC ..................... 166
71936 CD . .....oi i SAC . 152 7210CD .. ..o SAC ... 146
7193BACD .. ..ot SAC .o 152 7210CD/HC ... .o HAC ... ... 166
71938CD . ... SAC .. 152 7211ACD . ... SAC ... 146
71940ACD . . ..ot SAC . 154 7211ACD/HC . ... ..o HAC ... ... . .. 166
71940CD ... oot SAC . 154 T211CD .o SAC ... 146
T1944ACD .. ..o SAC .o 154 7211CDHC ... .o HAC . ... ... . .. 166
T1944CD ..ot SAC .o 154 T212ACD . ..o SAC ... 146
T200 ACX .o i e SAC .o 142 7212ACDHC .. ...t HAC . ... ... 166
7200ACXMHC .. ...t HAC . .. 162 T212CD ..o SAC ... 146
T200CX oot SAC .o 142 7212CDHC ... ..o HAC . ... ... 166
7200CX/MHC ... ..o HAC . .. 162 T21B3ACD . ..o SAC ... 146
T20LACX . oo SAC .o 142 T213CD .o SAC ... 146
720LACXHC . ... HAC ... 162 T214ACD . ... SAC ... 148
T201CX .o SAC .. 142 T214CD ... SAC ... 148
7200CX/MHC . ....... ... HAC ... 162 7215ACD .. ... SAC ... 148
7202 ACX . oot SAC . 142 7215CD ..o SAC ... 148
7202 ACXMHC .. ... HAC . . 162 7216 ACD . ...t SAC ... 148
T202CX ot SAC o 142 T216CD ..ot SAC .. 148
7202CXMHC . ... . HAC ... 162 T217ACD . ... SAC ... 148
T203ACX .ot SAC .o 142 T217CD .o SAC ... 148
7203 ACXMHC ................... HAC . .. 162 7218 ACD ... oo SAC ... 148
T203CX ot SAC .o 142 T218CD ..o SAC ... 148
7203CXMC . ... HAC . .. 162 T219ACD . ..o SAC ... 150
T204ACX .ot SAC .o 144 T219CD .. oi i SAC ... 150
7204 ACXMHC .. ...t HAC . .. 164 T220ACD . ..o SAC ... 150
T204ACX oo SAC .o 144 T220CD ..ot SAC ... 150
T204CXMHC ... ..o HAC . . 164 T221ACD ..o SAC ... 150
T205ACX . oo SAC . 144 T221CD ..o SAC ... 150
7205 ACXHC ................... HAC ... 164 T222ACD . ... SAC ... 150
T205CX .o SAC .. 144 T222CD ..o SAC ... 150
T205CXMHC . ........ ... HAC ... 164 7224 ACD .. ... SAC ... 150
7206 ACD . ...t SAC . 144 T224CD ... SAC ... 150
7206 ACD/HC . .................. HAC ... 164 BSA201C ........... ... . ... AT, ... 252
T206CD . ..ot SAC .o 144 BSA202C ... ATL. .. o 252
7206 CD/HC ... ... HAC . .. 164 BSA203C ... A N 252
7207 ACD . ... SAC . 144 BSA204C ... ATL. ... 252
7207 ACD/HC . . ..........oiu... HAC . .. 164 BSA205C ... A 252
T207CD ..ot SAC .o 144 BSA206C ... ATL. ... 252
7207CD/HC . ... HAC . .. 164 BSA207C ...... .. A 252
T208ACD . ...cioiiii SAC . o 144 BSA212C ... ATL. . .. 252
7208 ACD/HC . . ................. HAC . .. 164 BSA215C ...... . ATL. .. o 252
T208CD ...t SAC .o 144 BSA305C ...t ATL. .. o 252
7208CD/HC . ... HAC . .. 164 BSA306C ...........civiiin.. ATL. .. o 252
T209ACD . ... SAC . o 146 BSA308C ...........iiii ATL. ..o 252
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BSD2047C ... ATL. 252
BSD2562C .................... AT L. 252
BSD3062C .................... ATL . 252
BSD3572C ... ... ... ATL . 252
BSD4072C ... ... .. ATL . 252
BSD4090C .............cov.n.. N 252
BSD45100C ................... ATl . 252
BSD4575C ... ... ... .. .. ATl . . 252
BSD50100C ................... ATL. 252
BSD55100C ..............o.... ATL. 252
BSD55120C ...t ATL. 252
BSD60120C ................... ATL. 252
BTM100A ... ..., AT2. 228
BTM100A/MHC . ................. HT2. . 230
BTM100B ..................... AT2. 228
BTM100B/HC . ................. HT2. . 230
BTM110A ...... ..., AT2. 228
BTM110A/HC .................. HT2. . . 230
BTM110B ..................... AT . e 228
BTM110B/HC .................. HT2. .. 230
BTM120A ... ... .. i AT . 228
BTM120A/HC .................. HT2. .. 230
BTM120B ..................... AT2 . 228
BTM120B/HC .................. HT2. . 230
BTM130A ... ..., AT2. 228
BTM130A/MHC . ................. HT2. . 230
BTM130B ..................... AT2. 228
BTM130B/HC . ................. HT2. . 230
BTMGB0A ..., AT2. 226
BTMG60AMHC ................... HT2. . 230
BTMG60B ...................... AT2. 226
BTMG60B/HC ................... HT2. . 230
BTMB5A . ... .o AT2. 226
BTMG65A/MHC ................... HT2. . . 230
BTM65B ...................... AT . e 226
BTMG65B/HC ................... HT2. .. 230
BTM70A ... ... . AT . e 226
BTM70A/HC ................... HT2. .. 230
BTM70B ...................... AT2 . 226
BTM70B/HC ................... HT2. . . 230
BTMB8OA ..., AT2. 226
BTM80AMHC ................... HT2. . 230
BTM80B ...................... AT2. 226
BTM80B/HC ................... HT2. . 230
BTM85A ... ... ... AT2. 226
BTM85A/MHC ................... HT2. . 230
BTM85B ............covvvnn.. A 226
BTM85B/HC ................... HT2. . 230
BTMO0OA . ... ... AT2. 226

Designation Code Page
BTMOOAMHC ................... HT2. ... 230
BTM90B ...................... AT2. . 226
BTMO90B/HC ................... HT2. ... . 230
FBSA 204/QBCA. .. .............. FBS ............ ... .. ... 254
FBSA 204/QFCA. . ............... FBS ............ ... .. ... 254
FBSD 25/QBCA ................. FBS ...... ... ... ... 254
FBSD 25/QFCA. . ................ FBS .............. . ... 254
FBSD 30/QBCA ................. FBS ...... ... 254
FBSD 30/QFCA. .. ............... FBS ... . . 254
FBSD35/QBCA ................. FBS ... .. . 254
FBSD35/QFCA. .. ............... FBS ... .. 254
FBSD40/QBCA ................. FBS . ... . 254
FBSD 40/QFCA. .. ............... FBS ... 254
FBSD45/QBCA ................. FBS ... 254
FBSD 45/QFCA. .. .........co.... FBS ... 254
FBSD50/QBCA ................. FBS ... . 254
FBSD 50/QFCA. .. ............... FBS ... 254
FBSD 55/QBCA .. ............... FBS ..... .. ... ... 256
FBSD 55/QFCA. . .. .............. FBS ..................... 256
FBSD 60/QBCA ................. FBS ... .. 256
FBSD 60/QFCA. .. ............... FBS ... ... 256
GB3006 ........vvviiiiiin. GBA ... ... 291
GB3007 ......ooiiiiiiii GBA . ... 291
GB3008 ............ciiiiii.. GBA . ... 291
GB3009 ..........coiiiii.. GBA . ... 291
GB3010 ..........cciiiiii. GBA . ... 291
GB3011 ...........ciiiiinin... GBA ... ... 291
GB3012 ..., GBA ... ... 291
GB3013 ........ ... GBA ... .. 291
GB3014 ... GBA ... .. 291
GB3015 ...... ... GBA ... .. 291
GB3016 ..........coiiiii... GBA . ... 291
GB3017 ... . GBA ... ... 291
GB3018 .......... ... .. GBA ... . 291
GB3019 ................. . GBA ...... ... .. 291
GB3020 ...... ..o iiiiii GBA .. ... ... 291
GB3021 ........o it GBA .. ... ... 292
GB3022 ...t GBA ... ... . 292
GB3024 ......... .. ... GBA ... .. 292
GB3026 ................ ... GBA . ... 292
GB3028 ............... .. GBA . ... 292
GB3030 ........coiiiiiii GBA . ... 292
GB3032 ...t GBA . ... 292
GB3034 ... GBA ... ... 292
GB3036 ........coiiiiiii GBA . ... 292
GB3038 ..........oiiiiii GBA ... .. 292
GB3040 ... GBA ... .. 292
GB4920 ......... ... .. GBA ... .. 295
GB4921 ........ ... .. ... ... GBA ... ... 295
313
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GBA4922 ... GBA . o 295 KMT 25 . oo oo KMT oo 266
GBA924 ...\ GBA ..ot 295 KMT 26 . oo oo KMT e 266
GBA4926 ..\t GBA . ot 295 KMT 27 o oo oo KMT o e 266
GBA928 ...\ GBA . o 295 KMT 28 . o e oo KMT oo 266
GBA4930 ...ttt GBA . o 295 KMT 29 . ot KMT © e 266
GBA4932 ... GBA . o 295 KMT 2 . oo KMT © e 266
GBA4934 ...\ GBA . o 295 KMT 20 . oo oo KMT oo 266
GBA4936 ..ot GBA . oo 295 KMT 21 0 oo oo oo KMT © e 266
GBA4938 . ..o GBA . oo 295 KMT 22 . 0o KMT © e 266
GB4940 . ... GBA . . 295 KMT24 . ... ... ... ... ... ... ... KMT .o 266
GBA94AA . .. GBA . o 295 KMT 26 . ..o KMT o 266
GBA948 . .. GBA . o 295 KMT28 ... ... ......cooiinn... KMT . 268
GB4952 .. .. ... GBA . oo 295 KT Bccoconoacannonacaancaacac KMl ccacooncaaconncacaonoaacannaaa 266
GBA4956 ... ..ot GBA . .o 295 KV &0 coccnoacacnonacaancoacac [KMII ccocooncaaconncacaononacacnaaa 268
GRAB005. .. ..., GBA . o 288 KMIE320. KMIT . 268
GRAB006. .. .ovveeennn.. GBA 288 KMT34....................0 0 KMT .o 268
GRAB007 . ..o, GBA . o oo 288 KMT36..............oint KMT ..o 268
GRAB008 ... oo, GBA . oo 288 KMT38............oooiiin KMT .o 268
GRA3009 . ... .o, GBA .o 288 KMT 4. ..o KMT o 266
GRA3010. . ..o, GBA . o 288 KMT40. ... KMT . 268
GRABOLL. .o \o oo GBA . oo 288 KMTS .o KMT o 266
GRAB01I2. ..o, GBA . oo 288 KMT6E ..o KMT o 266
GRAB0IZ. ..o GBA .o 288 KMT 7. KMT e 266
GRAB0LA. ... oo, GBA . oo 288 Em g ------------------------- Em ------------------------------ ggg
GRA3015. ..o, GBA ..o 288 KMTA LG RMT 570
GRA3016 . ..o, GBA .ot 288 KMTA L1 KMT 570
GRAB0LT . .o ovoee oo GBA . oo 288 KMTA 12 KMT 570
GRASB018 . ..o, GBA . o 288 e KMT o
GRASB019 . ..o oo, GBA . o 288 A oo oeeseasnsseasouos M JSoseeEenseeaseaianseesion e
GRASOZ0. ... ... oo GBA ..o 288 KMTA 15 1L T oo
GRAZ021............cvvvenen GBA....ovvvvi 288 KMTA L6 . oo KMT oo 270
GRA3022..................hnn. GBA ... 288 KMTA L7 oo Y 270
GRASB024 . ...\ GBA . o 289 KMTA 16 e e 270
o 2oLLCRRELCLREELLTRELLLEE AR R LR R LT EEELXRRELLIE G KMTALO ..ot KMT ©oee e 270
CIRNGAD, y s o vcovv0000000ua00s A Rk 289 KMTA20 ... KMT Lo 270
GRAS030.............ccvuene GBA....oovvvvi 289 KMTA2L .ot KMT e 270
GRAS032...............cvnnn GBA.....ooiviiii 289 KMTA22 ..o KMT et 270
GRA3Z034..........ooviinnn GBA ... 289 KMTA24 ..o KMT e 270
GRAB036................vn GBA ... 289 KMTA26 . ..o KMT o 270
GRAB038...................... GBA ... 289 KMTA28 ... KMT o e 270
GRA3040...................... GBA......... 289 KMTAB0 . ..ottt KMT oo 270
KMTO................ooooinn KMT .o 266 KMTA32 ... ... ... KMT . 270
KMIT 4 cccoooonnonnosncaaaacanas KM 2 ccocacnnnnncaoaaaaacacaaaaaas 266 KMTAB4 ... KMT oo e 272
KMT20. ... KMT o 266 KMTA 36 . o oeoee e KMT @ e 272
KMT 2L . ot KMT © e 266 KMTA B8 . oo KMT @ oo 272
KMT 22 . 0ot KMT o 266 KMTAA0 . oo KMT @ oo 272
KMT 23 .ot KMT o e e 266 KMTAS oo KMT @ e 270
KMT 24 . oo oo KMT oo 266 KMTA B .o eoee e Y 270
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KMTA7 .. KMT . 270 NN3012 ........ ..., SC2 . 196
KMTA8 ... e KMT .. 270 NN3012K......... ... SC2 . 196
KMTAO . ... KMT .. 270 NN3013 ..........ciiiiiiinn. SC2 196
NIOOBK. ... ..ot SCL .o 204 NN3013K........covviii .. SC2 . 196
N1008K/HC5. ...t HCL .. 208 NN3014 ..., SC2 . 196
NIOOOK. ... ... SCL . 204 NN3014K.........ooviiii.. SC2 . 196
N1009K/HC5................... HCL ... 208 NN3015 ..., SC2 196
N1010OK. ... ..., SCL . 204 NN3015K. ... SC2 196
N1010K/HC5................... HCL . .. 208 NN3016 ........ovivieieien... SC2 196
N1011K... ... SCL . 204 NN3016K. .......c.oviiie... SC2 . 196
N1011K/MHC5................... HCL ... 208 NN3017 ... ..o SC2 198
N1012K.. ..., SCL .o 204 NN3017K. ..., SC2 . 198
N1012K/HC5................... HCL ... 208 NN3018 .........coviviiienen.. SC2 . 198
NI0I3K... ..., SCL . 204 NN3018K. .......covieiiiee., SC2 . 198
N1013K/MHC5................... HCL . .. 208 NN3019 ...........iviiieen.. SC2 . 198
NI014K.. ... SCL . 204 NN3019K. ..., SC2 . 198
N1014K/MHC5................... HCL . .o 208 NN3020 ........ccvvvvinnennn.. SC2 . 198
NI1OISK. ... SCL . 204 NN3020K. ......... ... SC2 . 198
N10I5K/HC5. ... ................ HCL1 ... . 208 NN3021 ......... ..., SC2 198
NIOI6K.....ooviiiie i SCL . 204 NN3021K........ccovieinn.. SC2 . 198
N1016K/MHC5. ...t HCL .. 208 NN3022 ..........cocviiinnnn.. SC2 . 198
NI1OI7 K. ..o SCL . 204 NN3022K.............ovin.. SC2 . 198
N1017K/MHC5................... HCL ... 208 NN3024 ...........coviiiennn.. SC2 198
N1018K. ... ..., SCL . 204 NN3024K..........ioiiieo... SC2 198
N1018K/HC5................... HCL . .. 208 NN3026 .........covivininnn... SC2 198
N1019K.. ..., SCL . 204 NN3026 K. ...........covivno... SC2 . 198
N1019K/HC5................... HCL . .. 208 NN3028K. .......coiviiien... SC2 . 200
N1020K........coovviiiinn... SCL .o 206 NN3030K. .......covvviviee... SC2 200
N1020K/HC5. . ................. HCL .. 210 NN3032K........coviviiiea... SC2 200
N1021K.. ...t SCL .o 206 NN3034K........covivivieo... SC2 200
N1021K/MHC5................... HCL . .o 210 NN3036K........covvvvvien... SC2 . 200
N1022K.. ... SCL . 206 NN3038K........covvvivienn.. SC2 . 200
N1022K/HC5................... HCL . .. 210 NN3040K. .......c.vvivine... SC2 . 200
N1024K. .. ... ... SCL . 206 NN3044 K. ........ ... SC2 . 200
N1024 K/HCS5. ... ............... HCL1 ... . 210 NN3048K.........coviiiiiinn. SC2 200
NN3005 ..........cvvvivinnnn.. SC2 . 196 NN3052K..........ooviviin.. SC2 . 202
NN3005K...........cviviin.. SC2 . 196 NN3056K............ooviv... SC2 . 202
NN3006 .........covvvivninenn.. SC2 . 196 NNU 4920 BK/W33. .. ............ SC2 . 198
NN 3006 K. .........ovvvien... SC2 196 NNU 4920B/W33 . ............... SC2 198
NN 3007 ........oviiieiiann.. SC2 196 NNU 4921 BK/W33. ... ........... SC2 . 198
NN3007 K. .......cooieiiie... SC2 196 NNU4921B/W33................ SC2 198
NN3008 ..........cocvvvvienn... SC2 . 196 NNU 4922 BK/W33............... SC2 . 198
NN3008K...........ocvvien... SC2 . 196 NNU 4922B/W33................ SC2 . 198
NN3009 .........coviviviene... SC2 196 NNU 4924 BK/W33. . ............. SC2 . 198
NN3009K. .......c.vviiie... SC2 . 196 NNU4924B/W33................ SC2 . 198
NN3010 .......covviieieiennnn, SC2 . 196 NNU 4926 BK/W33. . ............. SC2 . 198
NN3010K. ..., SC2 . 196 NNU 4926 B/W33 . ............... SC2 . 198
NN3011 ........coviiieieienen., SC2 . 196 NNU 4928 BK/W33. . ............. SC2 . 200
NN3011K. ... SC2 196 NNU4928B/W33................ SC2 200
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NNU 4930 BK/W33............... SC2 . 200
NNU4930B/W33................ SC2 . 200
NNU 4932 BK/W33............... SC2 . 200
NNU4932B/W33 . ............... SC2 . 200
NNU 4934 BK/W33............... SC2 . 200
NNU4934B/W33................ SC2 . 200
NNU 4936 BK/W33............... SC2 200
NNU 4936 B/W33 . ............... SC2 200
NNU 4938 BK/W33............... SC2 . 200
NNU 4938B/W33................ SC2 . 200
NNU 4940 BK/W33. . ............. SC2 . 200
NNU4940B/W33 . ............... SC2 200
NNU 4944 BK/W33. . ............. SC2 . 200
NNU4944B/W33 . ............... SC2 . 200
NNU 4948 BK/W33. . ............. SC2 200
NNU4948B/W33................ SC2 . 200
NNU 4952 BK/W33............... SC2 . 202
NNU4952B/W33................ SC2 . 202
NNU 4956 BK/W33............... SC2 . 202
NNU 4956 B/W33 . ............... SC2 . 202
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