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MOTION & CONTROL

NSK

BNR/BER ROBUST Series
High-Speed Precision
Angular Contact Ball Bearings
for Machine Tool Spindles

B Temperature tolerance and low heat generation
B Smooth running even during rapid acceleration
B Higher speed and longer life




features indispensable to motorized main spindles —temperature
nce, seizure resistance and low heat generation— have been improved
enable higher speeds with minimal thermal deformation.

A major trend in the machine tool industry is for higher maximum spindle speeds. In addition, machines are
being required to perform a wider variety of tasks and undergo frequent tool changes. Under such conditions,
excellent high-speed performance is imperative and spindles must accelerate and decelerate faster. During
periods of rapid acceleration or deceleration, spindle bearings are subjected to severe thermal load
conditions. These conditions are caused by drastic changes in the ambient environment that result from heat
generated by the motor, housing cooling and other factors. Performing well under such conditions and being
capable of higher speeds than conventional precision bearings, the ROBUST Series bearings provide
solutions for high-speed spindles of the 21st century.

S type (balls and rings: bearing steel)
H type (balls: silicon nitride, SizN4/rings: bearing steel)

These bearings are designed for motorized and non-motorized spindles and feature the
optimal internal structure for minimizing heat generation and improving seizure resistance.
The H type can be lubricated with grease at speeds where conventional bearings require
Oil-Air lubrication. Additionally, both the S type and H type are capable of speeds 20%
higher than conventional precision angular contact ball bearings.

X type (balls: silicon nitride, SisN,/rings: SHX steel)

While this hybrid ceramic bearing has the same design as the S and H types, its rings are
made of SHX steel, a new steel developed by NSK. SHX has excellent seizure and wear
resistance during critical lubrication shortages. Also, its heat resistance is nearly equal to
M50 steel, which is widely used in bearings for jet aircraft engines. With the X type, grease
lubrication is feasible at even higher speeds than the H type. In terms of both surface and
subsurface fatigue, SHX steel provides longer life.

XE type (balls: silicon nitride, SisN,/rings: SHX steel/Spinshot™ Technology)

XE bearings have the same specifications as the X type, but employ NSK'’s
exclusive

Spinshot™ lubrication system. While previously only oil jet lubrication has been
feasible at speeds exceeding 2,000,000 dmn, the Spinshot™ lubrication system
utilizes a mixture of oil and air to enable the XE type to sustain such speeds.

The use of Oil-Air instead of oil jets reduces overall costs by allowing the structure
of the spindle to be simplified and cutting down on the consumption of oil, an added
environmental benefit.

* Please note that the XE type is not dimensionally interchangeable
with conventional precision angular contact ball bearings.
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BNR/BER ROBUST Series

Designation System

65 BNR

Bore Size

Series Name:
BNR - 18° Contact Angle
BER - 25° Contact Angle

Dimension Series:
10 — Same bore, OD & width as
7000 series (ISO Series 10)
19 — Same bore, OD & width as
7900 series (ISO Series 19)

@ @ E DU EL m Precision Class:

P4:1SO Class 4 (AFBMA ABEC?7)
P4Y: 1SO Class 4 with special tolerancing
P3: Dimensions - ISO Class 4
Running Accuracy - ISO Class 2
P2: 1SO Class 2 (AFBMA ABEC9)

Preload:
EL: Extra Light
L: Light
M: Medium

Combination:
SU: Single Universal
DU: Duplex Universal
DB, DF, DT: Duplex Arrangement

Material Symbol:
S: Steel Ball
H: Ceramic Ball
X: Ceramic Ball and SHX Rings
XE: Ceramic Ball, SHX Rings and Spinshot™ Technology

DBB, DFD, DTD, DUD: Triplex Arrangement
DBB, DFF, DBT, DFT, DTT, QU: Quad Arrangement

Cage Material:
T: Phenolic Cage
TYN: Polyamide Cage

A High performance

ROBUST Series

- Steel balls

T42: PEEK Cage

Spinshot XE Type
Suitable for silent operation due to reduced air-noise
achieved through Oil-Air lubrication design.

+ Material of Inner/Outer Rings: Special High
speed Steel SHX

« Ceramic balls

+ Cage selection based on speed requirements — Outer
Ring Guided Phenolic cage: up to 2.5 million d.,n.;
Outer Ring Guided PEEK cage: over 2.5 million d,n.

ROBUST Series X Type

High performance bearings demonstrating high wear and seizure resistance
at ultra high speed operation.

+ Material of Inner/Outer Rings: Special High speed Steel SHX
+ Ceramic balls
+ Outer Ring Guided Phenolic cage

ROBUST Series H Type

High performance bearings that combine high speed operation with low heat generation.
+ Material of Inner/Outer Rings: SUJ2
+ Ceramic balls

+ Cage selection based on speed requirement — Ball Guided Polyamide cage:
up to 1.4 million dn.; Outer Ring Guided Phenolic cage: over 1.4 million d,,n.

S Type

Steel ball bearings for optimal cost.
+ Material of Inner/Outer Rings: SUJ2

+ Cage selection based on speed requirement — Ball Guided Polyamide cage:
up to 1.4 million d.,n.; Outer Ring Guided Phenolic cage: over 1.4 million d,n. High speed

>
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NSK’s Metallurgical Technology and Optimal Design

Features of SHX material Features of Optimal

SHX has similar heat-resistant performance to “M50,” which is Internal DeSIQn

used in bearings for jet engines and can operate at temperatures Today, machining involves various cutting

up to 300°C. However, SHX steel provides even better wear conditions within a wide range of speeds.

and seizure resistance and longer life than “M50.” Consequently, spindle temperatures vary

SHX is the most suitable material for high-speed bearings with EHL widely and cause changes in internal

lubrication, such as oil-air lubrication or grease lubrication. These bearing load. The unique design of the

conditions are typical of main shaft spindles in machine tools. ROBUST Series bearings minimizes the

adverse effect temperature variation has

Clean lubrication on internal bearing load.

R . T To ensure the accuracy of spindles
i Jud by minimizing thermal displacement,
suppression of bearing dynamic

Improvement of
cleanliness

50

Bearing fatigue Test Conditions

Cumulative failure probability, %

life test Beating: 6206 1 frictional loss is vital. The ROBUST
" B e 160 series design controls dynamic frictional
O e aramator (3): 5 loss, reducing heat generation by
L — e approximately 20% when compared Special melting
Lite, h to conventional bearings at the
same speed.
@
2 1,600
&
£ 1,200 Temperature rise of outer ring- Measured values g r =
= w0 (bore diameter: 65 mm; grease Ilibrication) VIM-VAR for
4 -
‘135 800 w0l * Conventional bearings 1 aircraft and
[ ®- ROBUST Series . o
> 30 '
o 0 E 2100 Ms0 SHX P
20 | e
Material o 2" e
4-ball test Load r L e
| S 1
0
0 5 10 15 20
Seizure resistance Driven ball Speed, pm (x10%)
(4-ball test)
Fixed balls

e | imiting speed is 20% to 50% higher than 0
steel ball bearings' 50l g?:;::mﬂ;mizn (Isoflex NBU15)
® 40% lower density than steel balls provides ;;2323532: 65mm Outer diameter: 100mm
lower centrifugal force. © 40 o Ceramic balls
8 A Steel balls
e Ceramic balls provide reduced operating 2 g
preload due to lower thermal expansion g
and less ball slipping. g
e Ceramic balls are 50% more rigid than steel il
balls, which provides high-rigidity for main
shaft bearings. s 5 O R e Y

Speed min! (x1000)
e NSK’s improved ceramic ball material s PeEL,

. : o 4 iy 80 W 120 ot
provides high-accuracy.

Temperature rise of angular contact
ceramic ball bearings




BNR/BER ROBUST Series

‘Long Fatigue

asurface type fatig

Contaminated
lubricating environment

Clean lubricating environment

L -

aterial ’Eg 'Heat treatment

A .'_,“ Case'hardening steel

nliness

Special heat treatment | rol of retained Austen

Nitrogen reinforce

) >ealed-Clean® bearing
and melting prop

for transmissions

Mass
produced
- steel against
aminants

ealed-CIean tapered
spherical roller bearin
for steel mills

SK standard material

Tough bearings (N

a Tough bearings (H

RP) R oeringe i
: per Tough bearings (S

for B/S Used for

eries ROBUST series

Features of T Cage

e Ball guided polyamide cage e Phenolic material and
Polyamide cage reinforced with glass fiber. Phenolic cage design provide stable
operation at high speeds
(higher than 1.4 million
dmn).

e For Qil-Air and oil-mist
lubrication, an outer ring

million d.n). . o
: . guided cage enables
¢ Noise reduction (under grease better oil flow
lubrication).

e Potential for reduced run-in
procedure time (under grease
lubrication).

Space for Retaining Grease e Better for keeping grease on the
outer ring due to space between
the cage and outer ring.

e | ow temperature rise (up to 1.4

Guide Surface
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High Speed Precision Angular Contact Ball Bearings

Limiting Speed

The limiting speeds listed in the Bearing Dimensional Tables are guideline values. They are based on a single bearing that is
lightly preloaded by means of a spring and subjected to relatively light loads with good heat dissipation.

The limiting speeds with grease lubrication are determined using high-quality grease in appropriate amounts. Those listed for oil
lubrication are based on the use of Oil-Air (or oil mist) lubrication.

Note: When single bearings are used in duplex, triplex, and quad combinations, or the preload is increased to improve spindle
rigidity, limiting speeds will be lower than those listed.

Speed Factors (')
The limiting speed of a matched bearing set operating under position preload conditions is calculated by multiplying the limiting
speed of a single bearing in the set by the appropriate adjustment factor listed in the table below.

Sample Calculation Proload

A customer wants to use 70BNR10HTDBBP4Y (a quad Arrangement EL L M
set) at the spindle’s tool-side, grease lubrication, at 12000 DB . . 0.85 0.80 0.65
rpm. What is the approximate maximum limiting speed for

the bearing set with light preload? DBD (@ @ @| o075 0.70 0.55
Obtain the “single” bearing maximum speed (20000 rpm) DBB ' ' ‘ . 0.80 0.75 0.60
for grease from the bearing tables, page 13. Calculate

the approximate maximum limiting speed for the DBB set
with light preload using the speed factor (0.75) from the table above, by multiplying the single bearing speed times the speed
factor: 20000 x 0.75 = 15000 rpm. Since the customer’s spindle speed, 12000 rpm, is below the allowable 15000 rpm, the

customer’s choice of bearing and preload appears appropriate.

Increase Due to Centrifugal Force on Ball

ncrease Due to Inner/Outer Ring Temperature D’

Factors that Change Preload

ad Increase Due to Deformation of
Spacer Caused by Nut Clamping Fi

1
itial Preload o
ial Clearance

Change Due to Heat Expansion of Balls

p

’reload After Mounting

ecessary preload forc
or cutting in low speec
arget K,=100N/um
i Axial Stiffness)

V < Criteria
ontact Pressure Between Balls and Rac
yro Slip + Spin Slip Velocity
gue Life

oad Increase Due to Interfére
Between Inner Ring and Sha

)ad Increase Due to Expansion of Inner Ring
ay Due to Centrifugal Force

ad Decrease Due to a Decrease of Shaft Inte
he Expansion of Inner Ring Due to Centrifugal

load Decrease Due to
ormation of Outer Ring Sp
to Compression by Front C

(Y NOTICE: Preload means the preload values after the bearing has been mounted on the spindle. These after mounted
preload values will change as a result of the shaft fit requirement of high speed operation and spacer deformation due to nut
clamping force. In such case, particular in high speed applications, it is necessary to adjust the spacer lengths relative to
each other in order to compensate for the changes in preload after bearing mounting. Consult NSK for guidance.
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BNR/BER ROBUST Series

Fitting of Bearings

The recommended fits under normal operating conditions (inner ring rotation) for machine-tool spindles are shown in the tables below.

FITS (") ON SHAFTS

Bearing Type Shaft 0.D. Shaft 0.D. (%) Tolerance (mm) Target Interference (%)) (mm)
over incl minimum maximum minimum maximum

Main Spindle Bearings 10 18 - 0.003 0 0 0.002 T
18 50 - 0.004 0 0 0.0025T

50 80 - 0.005 0 0 0.003T

80 120 - 0.003 0.003 0 0.004T

120 180 - 0.004 0.004 0 0.004 T

180 250 - 0.005 0.005 0 0.005T

FITS (") ON HOUSING

Bearing Type Housing Bore Housing Bore () Tolerance (mm) Target Interference (%)(°) (mm)
over incl minimum maximum minimum maximum
Angular Contact Ball 18 50 - 0.002 0.002 0.002 L 0.006 L
Bearing (Fixed side) 50 80 - 0.0025 0.0025 0.002 L 0.006 L
80 120 - 0.003 0.003 0.003 L 0.008 L
120 180 - 0.004 0.004 0.003 L 0.008 L
180 250 - 0.005 0.005 0.005 L 0.010 L
Angular Contact Ball 18 50 0 0.004 0.006 L 0.011L
Bearing (Free side) 50 80 0 0.005 0.006 L 0.011L
80 120 0 0.006 0.009 L 0.015 L
120 180 0 0.008 0.009 L 0.015 L
180 250 0 0.010 0.015L 0.022 L

Notes () The “fits” data above are general recommendations for machine tool spindles operating under normal conditions (inner ring
rotation), and for d n values less than 800000. Where d_n = {[(Bearing ID+OD)/2]* RPM}.
For high-speeds, high loads, or outer ring rotation, consult NSK for fit recommendations.

() Use “Target” Interference when the bearings can be matched to the shaft or housing. Otherwise use Shaft OD and Housing Bore
min. & max. for random matching.
(%) T=Interference of tight fit; L=Clearance or loose fit.

Spindle Bearing Arrangement

&_Threaded Nut g

Q_Outer Spacer Q

d'lnner Spacery
/

' Housing

Shaft |
_ / X
EFront Cover p—
T L
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High Speed Precision Angular Contact Ball Bearings

Calculation of Radial Rigidity | TABLE A
For duplex pairs, multiply the B L M
. value of axial rigidity by the L 45
BNR19S, BNR19H, BNR19X Series factor in TABLE A, 2 2
Preloads and Axial Rigidity for Duplex Bearings
BNR19S BNR19H, BNR19X
(18°, steel ball) (18°, ceramic ball)
Bearing hore EL L M EL L M
diameter Preload  Axial Rigidity | Preload Axial Rigidity | Preload  Axial Rigidity Preload Axial Rigidity | Preload Axial Rigidity |Preload  Axial Rigidity
(N) (N/um) (N) (N/um) N (N/um) N (N/um) N (N/pm) N (N/um)
25 25 26 94 43 188 57 25 29 105 51 210 67
30 50 36 100 48 200 63 50 40 110 55 220 72
35 50 37 140 55 280 73 50 41 150 64 300 83
40 50 38 140 57 280 74 50 42 160 66 320 87
45 50 41 150 62 300 82 50 45 170 72 340 95
50 50 44 160 68 320 89 50 49 180 78 360 103
55 50 46 170 71 340 94 50 51 180 82 360 106
60 50 47 170 74 340 97 50 52 190 85 380 112
65 50 50 180 79 360 104 50 55 200 91 400 120
70 50 50 180 80 360 104 50 56 200 92 400 120
75 50 52 180 83 460 117 50 58 200 96 525 137
80 50 53 190 86 474 121 50 59 210 99 542 142
85 50 54 190 88 646 138 50 61 210 100 744 162
90 100 75 280 110 709 154 100 83 310 130 804 180
95 100 76 290 110 768 163 100 85 310 130 873 190
100 100 72 330 110 871 161 100 81 360 130 994 188
105 100 74 330 120 898 166 100 83 370 130 1026 194
110 100 76 400 130 925 172 100 85 450 150 1058 201
120 100 78 410 130 1275 198 100 87 460 150 1469 233
130 100 80 712 160 1408 209 100 90 809 158 1625 245
140 100 82 732 160 1508 220 100 92 833 195 1744 259
150 200 110 930 185 1894 242 200 120 1040 214 2166 284
Calculation for Multiple Bearing Sets TABLE B
For triplex or quad sets, multiply the value of preload or axial rigidity for duplex pairs by the factor in TABLE B. DBD_TDBB
For radial rigidity of triplex or quad sets, first multiply the value of axial rigidity for duplex pairs by the factor in TABLE A. Preload 1.36 2
Then multiply this value by the factor in TABLE B. Axial Rigidity 1.48 2
BER19S, BER19H, BER19X Seri e
; ; eries
BER19S BER19H, BER19X
(25°, steel ball) (25°, ceramic ball)
Bearing bore EL L M EL L M
diameter Preload Axial Rigidity | Preload Axial Rigidity |Preload  Axial Rigidity Preload  Axial Rigidity | Preload Axial Rigidity | Preload  Axial Rigidity
(N) (N/um) N) (N/um) N) (N/um) (N) (N/um) (N) (N/um) (N) (N/um)
25 25 42 150 80 300 105 25 47 172 96 342 124
30 50 58 160 90 320 116 50 65 180 100 360 134
85 50 61 210 100 420 132 50 68 240 120 480 153
40 50 63 220 110 440 137 50 70 250 120 500 160
45 50 67 240 120 480 152 50 75 260 140 520 174
50 50 72 250 130 500 164 50 80 280 150 560 190
55 50 75 260 140 520 174 50 84 300 160 600 203
60 50 78 270 140 540 181 50 87 300 160 600 209
65 50 82 290 150 580 196 50 92 320 180 640 225
70 50 83 290 150 598 198 50 93 330 180 689 233
75 50 86 300 160 619 206 50 96 340 190 713 243
80 50 88 310 170 639 214 50 98 350 190 738 252
85 50 90 310 170 889 245 50 100 360 200 1032 290
90 100 120 430 210 968 273 100 140 480 240 1110 321
95 100 130 440 210 996 282 100 140 490 250 1143 332
100 100 120 520 210 1131 279 100 130 580 250 1302 328
105 100 120 530 220 1169 290 100 140 600 260 1246 341
110 100 130 550 230 1206 301 100 140 620 260 1390 354
120 100 130 680 250 1743 351 100 150 780 300 2023 414
130 100 135 972 289 1880 368 100 150 1115 340 2185 434
140 100 135 1002 300 1944 381 100 150 1151 353 2261 450
150 200 175 1308 336 2555 428 200 198 1484 393 2948 504
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BNR/BER ROBUST Series

Calculation of Radial Rigidity =~ TABLE A
For duplex pairs, multiply the B L M
value of axial rigidity by the ;gﬂ 4é5
BNR10S, BNR10H, BNR10X Series =~ "wrmmas 5
’ )
Preloads and Axial Rigidity for Duplex Bearings
BNR10S BNR10H, BNR10X
(18°, steel ball) (18", ceramic ball)
Bearing bore EL L M EL L M
diameter Preload  Axial Rigidity | Preload Axial Rigidity | Preload  Axial Rigidity Preload Axial Rigidity | Preload Axial Rigidity | Preload  Axial Rigidity
N (N/pm) N (N/pm) N (N/pm) (N) (N/pm) N) (N/um) N) (N/pm)
30 50 39 110 52 220 69 50 43 110 59 220 79
85 50 41 110 55 220 73 50 46 120 63 240 83
40 50 44 110 60 220 7 50 49 120 68 240 88
45 50 44 110 60 220 7 50 49 120 69 240 88
50 50 47 120 64 249 85 50 52 130 73 279 99
55 50 48 120 67 302 95 50 54 130 76 341 110
60 50 51 130 71 345 104 50 57 140 82 391 121
65 50 58 130 75 364 111 50 60 140 87 413 130
70 50 53 230 93 505 125 50 59 260 110 578 147
75 50 54 240 96 520 129 50 61 270 110 597 151
80 100 71 330 110 606 141 100 80 360 130 684 164
85 100 73 330 110 622 145 100 82 370 130 703 169
90 100 74 340 120 823 163 100 83 370 130 938 191
05 100 76 350 120 846 168 100 85 380 140 965 197
100 100 78 350 120 870 174 100 87 390 140 993 204
105 100 80 420 130 1054 195 100 89 470 160 1209 229
110 100 81 540 150 1144 200 100 91 600 170 1315 235
120 100 85 560 160 1208 213 100 95 630 180 1391 250
130 100 85 732 166 1508 220 100 95 833 195 1745 260
140 200 105 775 178 1606 236 200 125 860 206 1829 276
150 200 110 916 190 1917 253 200 125 1025 221 2194 297
Calculation for Multiple Bearing Sets TABLE B
For triplex or quad sets, multiply the value of preload or axial rigidity for duplex pairs by the factor in TABLE B. DBD_ 1DBB
For radial rigidity of triplex or quad sets, first multiply the value of axial rigidity for duplex pairs by the factor in TABLE A. Preload 136 | 2
Then multiply this value by the factor in TABLE B. Axial Rigidity | 148 | 2
Radial Rigidity | 1.54 2
BER10S, BER10H, BER10X Series
BER10S BER10H, BER10X
(25°, steel ball) (25°, ceramic ball)
Bearing bore EL L M EL L M
diameter Preload Axial Rigidity | Preload Axial Rigidity | Preload  Axial Rigidity Preload  Axial Rigidity | Preload Axial Rigidity | Preload  Axial Rigidity
(N) (N/pm) (N) (N/um) N) (N/pm) (N) (N/um) (N) (N/pm) (N) (N/pm)
30 50 63 220 110 440 140 50 71 250 130 500 163
35 50 67 240 120 480 153 50 75 260 140 520 175
40 50 72 250 130 500 165 50 80 280 150 560 191
45 50 73 250 130 500 166 50 81 280 150 560 192
50 50 77 270 140 540 180 50 86 300 160 600 208
59 50 80 350 160 700 205 50 89 400 190 800 240
60 50 84 380 170 760 222 50 94 430 200 860 260
65 50 88 400 180 800 235 50 99 450 210 900 275
70 50 88 400 180 800 235 50 98 450 210 900 275
75 50 90 510 200 1020 263 50 100 580 240 1160 306
80 100 120 620 220 1240 290 100 130 700 260 1400 336
85 100 120 640 230 1280 300 100 130 720 270 1440 347
90 100 120 650 240 1300 305 100 140 740 280 1480 355
95 100 130 670 240 1340 316 100 140 760 290 1520 367
100 100 130 690 250 1380 327 100 150 780 300 1560 381
105 100 130 910 290 1820 369 100 150 1040 330 2080 430
110 100 130 930 290 1860 379 100 150 1060 340 2120 440
120 100 140 980 310 1960 403 100 160 1120 370 2240 469
130 100 140 1002 310 2004 389 100 160 1150 370 2302 469
140 200 180 1098 325 2196 421 200 200 1240 380 2476 489
150 200 180 1274 345 2562 444 200 200 1444 403 2957 552
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Tolerances and Permissible Values for Angular Contact Ball Bearings

Inner Rings (Class 4) Units : pm
Vdp Aps
d Admp Ads BlriEar SaiEs Vdmp Kia Sq Sia Combined Sinle Br Combined VBs
(i) 9 | oe single Brgs "9 °I9 Brgs®!
over incl high low high low max max max max max high low max
25 10 0 -4 0 -4 4 3 2 25 3 3 0 - 40 —250 25
10 18 0 -4 0 -4 4 3 2 25 3 8 0 -80 - 250 25
18 30 0 -5 0 -5 S 4 25 3 4 4 0 -120 - 250 25
30 50 0 -6 0 -6 6 5 8 4 4 4 0 -120 - 250 3
50 80 0 -7 0 -7 7 5 35 4 5 5 0 - 150 - 250 4
80 120 0 -8 0 -8 8 6 4 5 5 5 0 - 200 - 380 4
120 180 0 -10 0 -10 10 8 5 6 6 7 0 - 250 - 380 5
180 250 0 -12 0 -12 12 9 6 8 7 8 0 -300 - 500 6
Inner Rings (Special Class 4Y)® Units : pm
Vap ABs
B Admp Ads Diameter Series | Vdmp Kia Sq Sia Combined Single Brg | Combined VBs
() 9 | 082 Single Brgs gle 59 Brgs"
over incl high low high low max max max max max high low max
30 50 -1 -3 -1 -3 6 5 3 4 4 4 0 -120 - 250 3
50 80 -2 -5 -2 -5 7 5 315 4 5 8 0 —150 —250 4
80 120 -3 -6 -3 -6 8 6 4 5 5 5 0 - 200 - 380 4
120 150 -3 -7 -3 -7 10 8 5 6 6 7 0 - 250 - 380 ®
Inner Rings (Special Class 3)© Units : pm
ABs
d Admp Ads Vdp Vdmp Kia Sd Sia Combined Sinle Br Combined VBs
(Im) Single Brgs ge brg Brgs"
over incl high low high low max max max max max high low max
25 10 0 -4 0 -4 25 15 15 15 15 0 -40 - 250 15
10 18 0 -4 0 -4 25 15 15 15 15 0 -80 - 250 15
18 30 0 -5 0 -5 25 15 25 15 25 0 -120 - 250 15
30 50 0 -6 0 -6 25 15 25 15 25 0 -120 - 250 15
50 80 0 -7 0 -7 4 2 25 15 25 0 - 150 - 250 15
80 120 0 -8 0 -8 5 25 25 25 25 0 - 200 —380 25
120 150 0 -10 0 -10 7 8IS 25 25 25 0 - 250 - 380 25
150 180 0 -10 0 -10 7 Bl5 5 4 5 0 - 250 - 380 4
180 250 0 -12 0 -12 8 4 5 5 5 0 -300 - 500 5
Inner Rings (Class 2) Units : pm
ABs
d Admp Ads Vdp Vdmp Kia Sq Sia Combined Sinle Br Combined VBs
s Single Brgs gie Brg Brgs®
over incl high low high low max max max max max high low max
25 10 0 -25 0 -25 25 15 15 15 15 0 -40 - 250 15
10 18 0 -25 0 -25 25 15 15 15 15 0 -80 - 250 15
18 30 0 -25 0 -25 25 15 25 15 25 0 -120 - 250 15
30 50 0 -25 0 -25 25 15 25 15 25 0 -120 - 250 15
50 80 0 -4 0 -4 4 2 25 15 25 0 - 150 - 250 15
80 120 0 -5 0 -5 5 25 25 25 25 0 - 200 - 380 25
120 150 0 -7 0 -7 7 35 25 25 25 0 - 250 - 380 25
150 180 0 -7 0 -7 7 315 5 4 5 0 - 250 - 380 4
180 250 0 -8 0 -8 8 4 5 5 5 0 - 300 - 500 5
Notes ') Applicable to single bearings manufactured for combined bearings.

(

(?) Class P4Y is an NSK standard with tolerances tighter than class 4.

(®) Class P3 is an NSK standard. Dimensional tolerances are class P4 and running accuracies are Class P2.

Remarks 1. The high tolerances for the bores of cylindrical-bore bearings and the low tolerances for the outside diameter are not applicable
within a distance of 1.2 times the chamfer dimension r (max.) from the side of a ring.

2. The tolerances and permissible values of ABMA Standard, ABEC 7 and 9 are identical to JIS (ISO) Classes 4 and 2
9 ‘NSK respectively. The ABMA standard is applicable to angular contact ball bearings.



BNR/BER ROBUST Series

Outer Rings (Class 4) Units : pm
VDp Y, K S S Vv
(mm) Apmp Aps Diameter Series Dmp ea D ea Acs Cs
9 0&2
over incl high low high low max max max max max max
6 18 0 -4 0 -4 4 3 2 8 4 B 25
18 30 0 -5 0 -5 5 4 25 4 4 5 25
30 50 0 -6 0 -6 6 5 3 5 4 5 Same as the value 25
50 80 0 -7 0 -7 7 5 35 5 4 5 of Apg for the 3
80 120 0 -8 0 -8 8 6 4 6 5) 6 inner ring of the 4
same bearing.
120 150 0 -9 0 -9 9 7 5 7 5 7 5
150 180 0 -10 0 -10 10 8 5 8 5 8 5
180 250 0 -11 0 -11 11 8 6 10 7 10 7
250 Bilb 0 -13 0 -13 13 10 7 11 8 10 7
315 400 0 -15 0 -15 15 11 8 13 10 i3 8
Outer Rings (Special Class 4Y)® Units : pm
VDp Y, K S S Y,
(mm) Apmp Aps Diameter Series Dmp ea D ea Acs Cs
9 0&2
over incl high low high low max max max max max max
50 80 -2 -6 -2 -6 7 5 &b 5 4 5 3
80 120 -2 -6 -2 -6 8 6 4 6 5 6 4
Same as the value
120 150 -3 -7 -3 -7 9 7 5 7 5 7 of Agg for the 5
150 180 -3 -7 -3 -7 10 8 5 8 5 8 inner ring of the 5
180 200 -4 -9 -4 -9 11 8 6 10 7 10 same bearing. 7
200 =215 -2 -9 -2 -9 11 8 6 10 7 10 7
Outer Rings (Special Class 3)© Units : pm
(mm) ADmp Aps VDp VDmp Kea Sp Sea Acs Ves
over incl high low high low max max max max max max
6 18 0 -4 0 -4 25 15 15 15 15 15
18 30 0 -5 0 -5 4 2 25 15 25 15
30 50 0 -6 0 -6 4 2 25 15 25 Same as the value 15
50 80 0 -7 0 -7 4 2 4 15 4 of Agg for the 15
80 120 0 -8 0 -8 5 25 5 25 5 inner ring of the 25
same bearing.
120 150 0 -9 0 -9 5 25 5 25 5 25
150 180 0 -10 0 -10 7 85 5 25 5 25
180 250 0 -11 0 -11 8 4 7 4 7 4
250 il 0 -13 0 -13 8 4 7 5 7 5
315 400 0 -15 0 -15 10 5 8 7 8 7
Outer Rings (Class 2) Units : yum
i) ADmp Aps VDp VDmp Kea Sp Sea Acs Ves
over incl high low high low max max max max max max
6 18 0 -25 0 -25 25 15 15 15 15 15
18 30 0 -4 0 -4 4 2 25 15 25 15
30 50 0 -4 0 -4 4 2 25 15 25 Same as the value 15
50 80 0 -4 0 -4 4 2 4 15 4 of Agg for the 15
80 120 0 -5 0 -5 5 25 5 2.5 9 inner ring of the 25
same bearing.
120 150 0 -5 0 -5 B 25 5 25 5 25
150 180 0 -7 0 -7 7 35 5 25 5 25
180 250 0 -8 0 -8 8 4 7 4 7 4
250 8il5 0 -8 0 -8 8 4 7 5 7 5
315 400 0 -10 0 -10 10 5 8 7 8 7
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High Speed Precision Angular Contact Ball Bearings

BNR19S, BNR19H, BNR19X

]

B

]

Q © &
- © g
ISO 19 series, 18" Contact Angle a

i q ; Basic Load — Nozzle Aim Point | Recommended | Effective Load Abutment Fillet Mass

szfrir:ll?egr Boundary Dimensions (mm) Ratsings (?\l) Limiting Speed (rpm) (mm) Grease Quantity®| Centers (mm) | Dimensions (mm) |  (kg)

r r Diameter Distance dy Dy rg

d D B (min) (min) Cr Cor Grease  Oil-Air (A (b) (cc/row) a (min) (max) (max)| approx.

25BNR19S 41800 59800 0.042
25BNR19H 25 42 9 0.3 0.15 | 5.95 Si5) 53800 83600 31 0.5 0.27 9.9 275 395 0.3 0.038
25BNR19X 62700 98600 0.038
30BNR19S 36400 52000 0.048
30BNR19H 30 47 9 0.3 0.15 | 6250 4050 46800 72800 8515 0.5 0.31 10.8 325 445 03 0.043
30BNR19X 54600 85800 0.043
35BNR19S 31200 44500 0.072
35BNR19H 35 55 10 0.6 0.3 9200 6000 40000 62300 42 0.5 0.48 12.3 40 50 0.6 0.063
35BNR19X 46700 73400 0.063
40BNR19S 27500 39300 0.105
40BNR19H 40 62 12 0.6 0.3 | 11500 7650 35300 55000 48 0.5 0.75 14.3 45 57 06 0.092
40BNR19X 41200 64800 0.092
45BNR19S 24800 35400 0.125
45BNR19H 45 68 12 0.6 0.3 | 12100 8700 31900 49600 58 0.5 0.83 15.2 50 63 06 0.111
45BNR19X 37200 58500 0.111
50BNR19S 23000 32800 0.127
50BNR19H 50 72 12 0.6 0.3 | 12800 9750 29600 46000 57.5 0.5 0.91 15.9 55 67 1 0.111
50BNR19X 34500 54100 0.111
55BNR19S 20800 29700 0.178
55BNR19H 55 80 13 1 0.6 | 14400 11400 26700 41500 63.5 0.5 11 175 61 74 1 0.158
55BNR19X 31200 48900 0.158
60BNR19S 19400 27600 0.190
60BNR19H 60 85 13 1 0.6 | 14600 12000 24900 38700 68.5 0.5 1.2 18.3 66 79 1 0.170
60BNR19X 29000 45600 0.170
65BNR19S 18100 25900 0.204
65BNR19H 65 90 13 1 0.6 | 15200 13200 23300 36200 785 0.5 1.3 19.1 71 84 1 0.181
65BNR19X 27100 42600 0.181
70BNR19S 16500 23600 0.328
70BNR19H 70 100 16 1 0.6 | 21300 18100 21200 33000 80.5 0.7 21 21.8 76 94 1 0.292
70BNR19X 24800 38900 0.292
75BNR19S 15600 22300 0.348
75BNR19H 75 105 16 1 0.6 | 21600 19000 20000 31200 85 0.7 2.3 22.6 81 99 1 0.310
75BNR19X 23400 36700 0.310
80BNR19S 14800 21100 0.366
80BNR19H 80 110 16 1 0.6 | 22000 19900 19000 29500 90.5 0.7 24 23.4 86 104 1 0.326
80BNR19X 22200 34800 0.326
85BNR19S 13700 19600 0.527
85BNR19H 85 120 18 11 0.6 | 29400 26300 17600 27400 98.5 0.7 8IS 25.7 92 113 1 0.456
85BNR19X 20500 32200 0.456
90BNR19S 13100 18700 0.552
90BNR19H 90 125 18 1.1 0.6 | 31500 29700 16800 26100 102 0.7 3.6 26.5 97 118 1 0.480
90BNR19X 19600 30700 0.480
95BNR19S 12500 17800 0.571
95BNR19H 95 130 18 11 0.6 | 32000 31000 16000 24900 107 0.7 3.6 28.3 102 123 1 0.497
95BNR19X 18700 29400 0.497
100BNR19S 11700 16700 0.770
100BNR19H | 100 140 20 11 0.6 | 38000 35000 15000 23400 1135 0.7 49 29.5 107 133 1 0.673
100BNR19X 17500 27500 0.673
105BNR19S 11200 16000 0.795
105BNR19H | 105 145 20 11 0.6 | 38500 36500 14400 22400 119 0.7 5.1 SilN5! 112 138 1 0.693
105BNR19X 16800 26400 0.693
110BNR19S 10800 15400 0.838
110BNR19H | 110 150 20 11 0.6 | 39000 38000 13900 21600 124 0.7 52 31.1 117 143 1 0.733
110BNR19X 16200 25400 0.733
120BNR19S 9900 14100 1.240
120BNR19H | 120 165 22 11 0.6 | 54000 52000 12700 19700 136 0.7 7.9 34.2 127 158 1 0.949
120BNR19X 14800 23200 0.949

11 NSK

(") NSK recommends a 15% grease fill. The values provided reflect this recommendation.



BNR/BER ROBUST Series

BER19S, BER19H, BER19X

ISO 19 series, 25° Contact Angle

9D,

Ta

g

od.

Dynamic Equivalent Load

P=XF+YF,

Nominal

Single, DT

DB or DT

Contact | == | e | FyF.<e

FyF>e | FF.<e | Fy/F:>e

Angle | iFa
x|yl x|[rv[x[rv]x]|vy
182 | — o057 1| o fo43| 1 [ 1 [1.09]070[1.63
25° | — |oes| 1 | o [o41]o87| 1 [0.92]0.67[1.41
*For i, use 2 for DB and DF and 1 for DT.
Static Equivalent Load Py =XoFr+YoFa
Norminal le,DT | DBorDF
ominel | _Singe o Single or DT mounting
Ange | Xo | Yo | Xo | Yo
9 0 0 0 ° Fy>05F + YoF,
18° |05 [042| 1 [o084 use Po=F;

25° 05 | 0.38 1

0.76

i . . Basic Load A Nozzle Aim Point | Recommended | Effective Load | Abutment Fillet Mass
ssﬂg'e% Boundary Dimensions (mm) Rafings N) Limiting Speed (rpm) Grease Quantity®| Centers (mm) | Dimensions (mm) | (kg)
r r Diameter Distance dy Dy fa

d D B (min) (min) Cr Cor Grease  Oil-Air (A (b) (cc/row) a (min) (max) (max)| approx.

25BER19S 35900 50800 0.042
25BER19H | 25 42 9 03 015 5.7 34 47800 74700 gill 0.5 0.27 123 275 395 0.3 | 0.038
25BER19X 56800 89600 0.038
30BER19S 31200 44200 0.048
30BERI9H | 30 47 9 03 0.15 | 6000 3900 41600 65000 35 0.5 0.31 135 325 445 0.3 | 0.043
30BER19X 49400 78000 0.043
35BER19S 26700 37800 0.072
35BERI9H | 35 55 10 0.6 0.3 | 8800 5750 35600 55600 42 0.5 0.48 155 40 50 0.6 | 0.063
35BER19X 42300 66700 0.063
40BER19S 23600 33400 0.105
40BER19H | 40 62 12 0.6 0.3 | 11000 7350 31400 49100 48 0.5 0.75 17.9 45 57 06 [ 0.092
40BER19X 37300 58900 0.092
45BER19S 21300 30100 0.125
45BERI9H | 45 68 12 0.6 0.3 | 11600 8350 28400 44300 53 0.5 0.83 19.2 50 63 06| 0111
45BER19X 33700 53100 0.111
50BER19S 19700 27900 0.127
50BERI9H | 50 72 12 06 0.3 | 12300 9350 26300 41000 57.5 0.5 0.91 20.2 55 67 1 0.111
50BER19X 31200 49200 0.111
55BER19S 17800 25200 0.178
55BER19H | 55 80 13 1 0.6 | 13800 10900 | 23800 37100 63.5 0.5 11 222 61 74 1 0.158
55BER19X 28200 44500 0.158
60BER19S 16600 23500 0.190
60BER19H | 60 85 13 1 0.6 | 14000 11500 | 22100 34500 68.5 0.5 1.2 23.4 66 79 1 0.170
60BER19X 26300 41400 0.170
65BER19S 15500 22000 0.204
65BER19H | 65 90 13 1 0.6 | 14500 12600 | 20700 32300 735 0.5 1.3 24.6 71 84 1 0.181
65BER19X 24600 38800 0.181
70BER19S 14200 20000 0.328
70BER19H | 70 100 16 1 0.6 | 20400 17300 | 18900 29500 80.5 0.7 21 27.8 7% 94 1 0.292
70BER19X 22400 35300 0.292
75BER19S 13400 18900 0.348
75BER19H | 75 105 16 1 0.6 | 20700 18200 | 17800 27800 85 0.7 2.3 29 81 99 1 0.310
75BER19X 21200 33400 0.310
80BER19S 12700 17900 0.366
80BER19H | 80 110 16 1 0.6 | 21000 19100 | 16900 26400 90.5 0.7 24 30.1 86 104 1 0.326
80BER19X 20000 31600 0.326
85BER19S 11800 16600 0.527
85BER19H | 85 120 18 1.1 0.6 | 28100 25200 | 15700 24400 98.5 0.7 &5 329 92 113 1 0.456
85BER19X 18600 29300 0.456
90BER19S 11200 15900 0.552
90BER19H | 90 125 18 1.1 0.6 | 30000 28500 | 14900 23300 102 0.7 3.6 34.1 97 118 1 0.480
90BER19X 17700 28000 0.480
95BER19S 10700 15200 0.571
95BER19H | 95 130 18 1.1 0.6 | 30500 29700 | 14300 22300 107 0.7 3.6 36.7 102 123 1 0.497
95BER19X 16900 26700 0.497
100BER19S 10000 14200 0.770
100BERI9H | 100 140 20 1.1 0.6 | 36000 33500 | 13400 20900 113.5 0.7 4.9 38 107 133 1 0.673
100BER19X 15900 25000 0.673
105BER19S 9600 13600 0.795
105BER19H | 105 145 20 1.1 0.6 | 37000 35000 | 12800 20000 119 0.7 5.1 40.9 112 138 1 0.693
105BER19X 15200 24000 0.693
110BER19S 9300 13100 0.838
110BERI9H | 110 150 20 1.1 0.6 | 37500 36500 | 12400 19300 124 0.7 5.2 40.3 117 143 1 0.733
110BER19X 14700 23100 0.733
120BER19S 8500 12000 1.240
120BER19H | 120 165 22 1.1 0.6 |51500 50000 [ 11300 17600 136 0.7 7.9 44.2 127 158 1 0.949
120BER19X 13400 21100 0.949
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High Speed Precision Angular Contact Ball Bearings

BNR10S, BNR10H, BNR10X

]

]

Q °
© ©
PA J
_ a
ISO 10 series, 18° Contact Angle
i ; : Basic Load P Nozzle Aim Point | Recommended | Effective Load | Abutment Fillet Mass
Sﬁzg]egr Boundary Dimensions (mm) Ratings (N) Limiting Speed (rpm) (mm) Grease Quantity®| Centers (mm) | Dimensions (mm) | (kg)
r re Diameter Distance dy Dy 14

d D B (min) (min) Cr Cor Grease  Oil-Air (A (b) (cc/row) a (min) (max) (max)| approx.
30BNR10S 33000 47100 0.124
30BNR10H BON 55 NS 1 0.6 8650 5750 42400 65900 39 1 0.58 13.3 36 49 1 0.116
30BNR10X 49500 77700 0.116
35BNR10S 28900 41300 0.164
35BNR10H 3B 62 14 1 0.6 | 10100 7100 37200 57800 445 1.2 0.78 14.8 41 56 1 0.154
35BNR10X 43300 68100 0.154
40BNR10S 26000 37100 0.204
40BNR10H 40 68 15 1 0.6 | 10600 7950 33400 51900 50 15 0.92 16.2 46 62 1 0.193
40BNR10X 38900 61200 0.193
45BNR10S 23400 33400 0.259
45BNR10H 45 75 16 1 0.6 | 11700 9000 30000 46700 5515 1.7 12 17.6 51 69 1 0.246
45BNR10X 35000 55000 0.246
50BNR10S 21600 30800 0.281
50BNR10H 50 80 16 1 0.6 | 12200 9900 27700 43100 60.5 1.7 12 18.4 56 74 1 0.266
50BNR10X 32400 50800 0.266
55BNR10S 19400 27600 0.414
55BNR10H 55 90 18 11 0.6 | 15100 12500 24900 38700 67.5 15 1.7 20.6 62 83 1 0.393
55BNR10X 29000 45600 0.393
60BNR10S 18100 25900 0.443
60BNR10H 60 95 18 1.1 0.6 | 15600 13700 23300 36200 73 15 1.8 215 67 88 1 0.419
60BNR10X 27100 42600 0.419
65BNR10S 17000 24300 0.472
65BNR10H 65 100 18 11 0.6 | 16200 14800 21900 34000 771.5 15 19 22.3 42 93 1 0.447
65BNR10X 25500 40000 0.447
70BNR10S 15600 22300 0.645
70BNR10H 70 110 20 1.1 0.6 | 22300 19800 20000 31200 84 1.7 2.8 24.5 77 103 1 0.605
70BNR10X 23400 36700 0.605
75BNR10S 14800 21100 0.679
75BNR10H 75 115 20 11 0.6 | 22600 20700 19000 29500 89 1.7 29 253 82 108 1 0.638
75BNR10X 22200 34800 0.638
80BNR10S 13700 19600 0.921
80BNR10H 80 125 22 1.1 0.6 | 26500 24500 17600 27400 96 1.7 3.8 27.5 87 118 1 0.867
80BNR10X 20500 32200 0.867
85BNR10S 13100 18700 0.962
85BNR10H 85 130 22 11 0.6 | 26800 25700 16800 26100 102 1.7 4.0 28.4 92 123 1 0.906
85BNR10X 19600 30700 0.906
90BNR10S 12200 17400 1.241
90BNR10H 90 140 24 15 1 35000 33000 15700 24400 109 1.7 59 30.7 99 131 15 1.155
90BNR10X 18300 28700 1.155
95BNR10S 11700 16700 1.298
95BNR10H 95 145 24 15 1 35500 34500 15000 23400 112 1.7 5.7 313 104 136 15 1.209
95BNR10X 17500 27500 1.209
100BNR10S 11200 16000 1.245
100BNR1OH | 100 150 24 15 1 36000 36000 14400 22400 118.5 25 6.1 32.3 109 141 15 1.253
100BNR10X 16800 26400 1.253
105BNR10S 10600 15100 1.698
105BNR10H | 105 160 26 2 1 41000 41000 13600 21200 125 1.7 7.6 34.5 115 150 2 1.585
105BNR10X 15900 25000 1.585
110BNR10S 10000 14300 2.133
110BNR1OH | 110 170 28 2 1 46000 47000 12900 20000 1325 1.7 9.1 36.7 120 160 2 1.996
110BNR10X 15000 23600 1.996
120BNR10S 9400 13400 2.286
120BNR10OH | 120 180 28 2 1 47500 50500 12000 18700 143 1.7 9.8 38.4 130 170 2 2.139
120BNR10X 14000 22000 2.139

13 NSK

(") NSK recommends a 15% grease fill. The values provided reflect this recommendation.



BNR/BER ROBUST Series

BER10S, BER10H, BER10X |

v

Dynamic Equivalent Load

P=XF.+YF,

Nominal

Ia

Contact
Angle

Single, DT

DB or DT

Fy/F<e

Fy/Fi>e | Fy/F<e

F.JF,>e

X| Y| X|Y|X|Y

X| Y

18° — | 057 0 [043] 1 1 ]1.09|0.70| 1.63
25° — | 0.68 0 [0.41]0.87| 1 |0.92]|0.67|1.41
Q“’ ~5 *For i, use 2 for DB and DF and 1 for DT.
RN A=
Static Equivalent Load Py =XoF+ YoF,
’\(‘32':‘::: Single, DT DB or DF Single or DT mounting
Angle | Xo Yo | Xo | Yo g,hfgsp Yo,
y 18° 0.5 0.42 1 0.84 use Py =F,
% 25° 0.5 0.38 1 0.76
ISO 10 series, 25° Contact Angle
i q ] Basic Load o Nozzle Aim Point | Recommended | Effective Load | Abutment Fillet Mass
Eszqrg]egr Boundary Dimensions (mm) Ratings (N) Limiting Speed (rom) (mm) Grease Quantity®”| Centers (mm) | Dimensions (mm) | (kg)
r rl Diameter Diameter dy Dy fa

d D B (min) (min) Cr Cor Grease  Oil-Air (A (b) (cc/row) a (min) (max) (max)| approx.

30BER10S 28300 40000 0.124
30BERIOH | 30 55 13 1 0.6 | 8300 5500 37700 58900 39 1 0.58 16.3 36 49 1 0.116
30BER10X 44800 70600 0.116
35BER10S 24800 35100 0.164
35BERIOH | 35 62 14 1 0.6 | 9700 6850 33000 51600 445 1.2 0.78 18.2 41 56 1 0.154
35BER10X 39200 61900 0.154
40BER10S 22300 31500 0.204
40BER1OH | 40 68 15 1 0.6 | 10100 7650 29700 46300 50 15 0.92 19.9 46 62 1 0.193
40BER10X 35200 55600 0.193
45BER10S 20000 28400 0.259
45BERIOH | 45 75 16 1 0.6 | 11200 8600 26700 41700 5515 1.7 1.2 21.8 51 69 1 0.246
45BER10X 31700 50000 0.246
50BER10S 18500 26200 0.281
50BERIOH | 50 80 16 1 0.6 | 11600 9500 24700 38500 60.5 1.7 1.2 23 56 74 1 0.266
50BER10X 29300 46200 0.266
55BER10S 16600 23500 0.414
55BER10H | 55 90 18 1.1 0.6 | 14400 12000 | 22100 34500 67.5 15 1.7 25.7 62 83 1 0.393
55BER10X 26300 41400 0.393
60BER10S 15500 22000 0.443
60BERIOH | 60 95 18 1.1 0.6 | 15000 13100 [ 20700 32300 73 15 1.8 26.9 67 88 1 0.419
60BER10X 24600 38800 0.419
65BER10S 14600 20700 0.472
65BER1OH | 65 100 18 1.1 0.6 | 15500 14200 [ 19400 30400 715 15 1.9 28 42 93 1 0.447
65BER10X 23100 36400 0.447
70BER10S 13400 18900 0.645
70BERIOH | 70 110 20 11 0.6 |21300 18900 [ 17800 27800 84 1.7 2.8 30.8 77 103 1 0.605
70BER10X 21200 33400 0.605
75BER10S 12700 17900 0.679
75BER10OH | 75 115 20 1.1 0.6 |21600 19800 [ 16900 26400 89 1.7 29 31.9 82 108 1 0.638
75BER10X 20000 31600 0.638
80BER10S 11800 16600 0.921
80BERIOH | 80 125 22 11 0.6 | 25300 23500 [ 15700 24400 96 1.7 3.8 34.6 87 118 1 0.867
80BER10X 18600 29300 0.867
85BER10S 11200 15900 0.962
85BERIOH | 85 130 22 11 0.6 | 25600 24600 | 14900 23300 102 1.7 4.0 36.1 92 123 1 0.906
85BER10X 17700 28000 0.906
90BER10S 10500 14800 1.241
90BERIOH | 90 140 24 15 1 33500 31500 | 14000 21800 109 1.7 5.5 38.8 99 131 15| 1155
90BER10X 16600 26100 1.155
95BER10S 10000 14200 1.298
95BERIOH | 95 145 24 15 1 34000 33000 | 13400 20900 112 1.7 5.7 39.7 104 136 1.5 | 1.209
95BER10X 15900 25000 1.209
100BER10S 9600 13600 1.245
100BERIOH [ 100 150 24 15 1 34500 34500 | 12800 20000 118.5 2.5 6.1 41.2 109 141 15| 1253
100BER10X 15200 24000 1.253
105BER10S 9100 12900 1.698
105BER10H | 105 160 26 2 1 39000 39500 | 12100 18900 125 1.7 7.6 43.9 115 150 2 1.585
105BER10X 14400 22700 1.585
110BER10S 8600 12200 2.133
110BERIOH | 110 170 28 2 1 44000 45000 | 11500 17900 132.5 1.7 9.1 46.7 120 160 2 1.996
110BER10X 13600 21500 1.996
120BER10S 8000 11400 2.286
120BERIOH | 120 180 28 2 1 45500 48500 | 10700 16700 143 1.7 9.8 49 130 170 2 2.139
120BER10X 12700 20000 2.139
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