
SUPER PRECISION BEARINGS 
FOR MACHINE TOOL APPLICATIONS

STAY IN MOTION. STAY IN CONTROL.
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Machine tools are essential infrastructure to industry, providing critical 

components for countless manufacturing sectors. As such, optimization of 

precision and throughput are symbiotic: machining centers are required to 

minimize processing time and maximize output, all the while producing 

stringently high-quality finished parts. 

To meet these challenges, NSK applies our prowess with advanced material 

technologies and optimized product design to deliver bearings for machine 

tools that achieve:

› Superior running accuracy with reduced NRRO

› Ultra-high speeds with low temperature rise

› Higher capacity for machining versatility

› Exceptional wear resistance for longer spindle life 

With NSK Super Precision bearings, machine tool builders and operators 

can realize next-generation speed, capacity and reliability to accelerate 

throughput and efficiency. Precisely.

ENABLING  
NEXT-GENERATION 
MACHINING
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Fig.3: Comparison of friction loss

Fig.4: Comparison of temperature rise
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Fig.1: Seizure Limit - 4 balls test (oil bath)

Table 1: Characteristics and use of engineered polymer cages
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ACCELERATING PERFORMANCE - ADVANCED MATERIALS

HEAT-RESISTANT SHX STEEL

NSK Super Precision Bearings are manufactured with  

high-purity Z Steel to achieve a long operating life under 

normal conditions in wide ranging applications. For machine 

tools running at maximum capacity at ultra-high speeds 

under high temperatures, NSK offers NSKROBUST series 

bearings manufactured with special high-endurance SHX Steel 

with special heat treatment technology. Decisive performance 

advantages include:

›	 4 times longer fatigue life than SUJ2 Z Steel

›	 Considerably higher seizure resistance (Figure 1), exceeding 	

	that of heat-resistant M50 aerospace bearing steel

›  Higher wear resistance achieved with  

superior material hardness (Figure 2)

›  20% higher limiting speeds 

compared to SUJ2 steel
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CERAMIC BALLS

Ceramic hybrid bearings deliver advanced performance 

characteristics that can be transformational in machine tools. NSK 

offers silicon nitride (Si3N4) ceramic balls as a standard option 

for angular contact ball bearings to achieve ultra-high machining 

speeds, in addition to a considerable array of advantages:

›	 Higher rigidity and rotational accuracy, enabling high-accuracy 

machining

›	 Lower sliding friction in high-speed applications (Figure 3)

›	 Lower heat generation (Figure 4)

›	 Higher seizure resistance

›	 Longer grease life due to low heat generation

EQTF™ BALLS

Ultra-long life EQTF balls deliver superior wear and seizure 

resistance in NSKROBUST angular contact ball bearings, derived 

from advanced material composition and carbonitriding.

ENGINEERED POLYMER CAGES 

NSK engineered polymer cages are optimized to support the ultra-high speeds of next-gen machining requirements: they’re lighter 

(1/6 of the weight of brass cages), self-lubricating and have a low friction coefficient. NSK Super Precision machine tool bearings 

equipped with engineered polymer cages generate less heat at high-speed rotation. They are also engineered to deliver high 

strength and excellent wear resistance. 
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DESIGNATION DESIGNATION ATTRIBUTE

Dimension series 70

72

79 19 series

10 series

02 series

Contact angle A5

A

C 15° contact angle

25° contact angle

30° contact angle

Material
blank

SN24

SUJ2 steel balls

Si3N4 ceramic balls

Cage
TYN

TR

ball guided, polyamide resin

outer ring guided, phenolic resin

Closure
blank

V1V

open bearing

non-contact rubber seal

Arrangement *

SU

DU

single row, universal matching

double row, universal matching

DUD

QU

three row, universal matching

four row, universal matching

Bore reference no. multiply x 5 for bore diameter in mm

Accuracy

P2

P3

ISO class 2

dimensional accuracy ISO class 4, 
running accuracy ISO class 2

P4Y
special dimensional accuracy with
running accuracy ISO class 4

P4 ISO class 4

EL

L

extra-light preload

light preload

Preload
M

H

medium preload

heavy preload

CPXX

CAXX

special preload, in microns

special clearance, in microns

Dimension Series

Bore Reference No.

Contact Angle

Material - Balls

Closure

Arrangement

Grease Type

Grease Fill

70 XMTEP4YELDUV1VTRSN24C14

Preload

Accuracy

Cage

Grease type
MTS

MTE

for ultra-high speeds

for high loads and high speeds

Grease fill

X

K

15% of internal space

20% of internal space

L 30% of internal space

* For additional information about bearing arrangements and possible combinations,

refer to “Angular Contact Ball Bearing Combinations” on page 26.

Fig.5: Range of availability
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NSKHPS ANGULAR CONTACT BALL BEARINGS
 

NSKHPS high-accuracy angular contact ball bearings deliver superlative performance for general machine tool applications. Internal 

design, component and materials optimization ensure efficiency and extended bearing life in high-speed and high-load applications.  

For reduced wear, contamination resistance and markedly improved grease life, our NSKHPS series are also available with a 

non-contact seal option.

DESIGN FEATURES

›	 Manufactured with improved steel purity, increasing 		

	 bearing fatigue life by as much as 15%

› 	High-performance cage design options - polyamide and 	

	 phenolic resin - to meet application requirements

› 	Available with ceramic balls for higher seizure resistance 	

	 and lower heat generation

› 	Non-contact sealed design option 

› 	Available with 15°, 25° and 30° contact angles

› 	Various preload and accuracy options

› 	Universal matching

SEALED DESIGN OPTION

NSKHPS sealed high-accuracy angular contact ball bearings 

deliver considerable operating benefits: 

›	 Prevents contamination and lubricant breakdown, with 	

	 grease life extended by as much as 50%

› 	Reduces wear to raceway and ball surfaces

› 	Zero speed loss from non-contact seal design

› 	Ease of handling - installation is 4 times faster, and risk of	

	 maintenance contamination is eliminated

› 	Simple adoption - dimensionally interchangeable with 	

	 open bearings

Left:  open-type bearing with phenolic 
resin cage (TR) and ceramic balls

Above:  sealed-type bearing with 		
polyamide resin cage (TYN) 		
and steel balls
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DESIGNATION DESIGNATION ATTRIBUTE
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* For additional information about bearing arrangements and possible combinations,

refer to “Angular Contact Ball Bearing Combinations” on page 26.
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DESIGNATION SYSTEM

NSKHPS HIGH-ACCURACY ANGULAR CONTACT BALL BEARINGS

7



Nominal bore dia. expressed in millimeters

Dimension series

19

29

BSR

BNR

BER

15° contact angle

19 series

29 series (wide)

10 10 series

20 20 series (wide)

02 02 series

Material -
rings / balls

S

E

SUJ2 steel rings and balls

SUJ2 steel rings / EQTF balls

H SUJ2 steel rings / Si3N4 ceramic balls

X SHX steel rings / Si3N4 ceramic balls

Cage

TYN

T,TA,TX

ball guided, polyamide resin

outer ring guided, phenolic resin

TSR outer ring guided, PPS resin

Closure
blank

V1V

open bearing

non-contact rubber seal

Arrangement *

SU

DU

single row, universal matching

double row, universal matching

DUD

QU

three row, universal matching

four row, universal matching

Type / contact
angle

25° contact angle

18° contact angle

Accuracy

P2

P3

ISO class 2

dimensional accuracy ISO class 4, 
running accuracy ISO class 2

P3W ISO class 3 with special inner /
outer ring width tolerances

P4Y
special dimensional accuracy with
running accuracy ISO class 4

P4 ISO class 4

EL

L

extra-light preload

light preload

Preload
M

H

medium preload

heavy preload

CPXX

CAXX

special preload, in microns

special clearance, in microns

Grease type
MTS

MTE

for ultra-high speeds

for high loads and high speeds

Grease fill

X

K

15% of internal space

20% of internal space

L 30% of internal space

70 XMTSP4YELSUV1VTH10BNR

Nominal Bore Diameter

Type / Contact Angle

Dimension Series

Material - Rings /  Balls

Closure

Arrangement

Grease Type

Grease Fill

Preload

Accuracy

Cage

* For additional information about bearing arrangements and possible combinations,

refer to “Angular Contact Ball Bearing Combinations” on page 26.
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Fig.6: Relative limiting speeds by series

DESIGNATION DESIGNATION ATTRIBUTEATTRIBUTE

NSKROBUST™ ANGULAR CONTACT BALL BEARINGS
FOR ULTRA HIGH-SPEED MACHINING

In order to meet accelerating production requirements, machining centers must minimize processing time. As a result, machine tool 

spindles have to operate at increasingly high speeds. For spindle bearings, rising to challenges in the form of seizure resistance and 

fatigue life are critical. NSKROBUST angular contact ball bearings are designed precisely to support ultra high-speed rotation,  

achieving precision-machined surfaces with exceptional reliability.

DESIGN FEATURES

›	 Special design series equipped with a larger complement 	

	 of smaller balls to support higher limiting speeds than 	

	 conventional high-accuracy series bearings (Figure 6)

› 	Dimensionally interchangeable with conventional bearings

› 	Available in four design series with alternative material	

	 configurations for inner / outer rings and balls (see Table 2)

› 	High-performance polyamide, phenolic and engineered PPS 	

	 resin cage design options available to meet specific 		

	 application requirements

› 	With contact angles of 15° (BSR), 18° (BNR) and 25° (BER)

› 	Non-contact sealed design option 

› 	Various preload and accuracy options

› 	Universal matching, supporting multiple combined 		

	 arrangements

Table 2: NSKROBUST series and construction

Left:  ”SURSAVE™” bearing with PPS resin 
cage (TSR) and ceramic balls

Above:  NSKROBUST bearing with  
phenolic resin cage (T) and ceramic balls
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Nominal bore dia. expressed in millimeters

Dimension series

19

29

BSR

BNR

BER

15° contact angle

19 series

29 series (wide)

10 10 series

20 20 series (wide)

02 02 series

Material -
rings / balls

S

E

SUJ2 steel rings and balls

SUJ2 steel rings / EQTF balls

H SUJ2 steel rings / Si3N4 ceramic balls

X SHX steel rings / Si3N4 ceramic balls

Cage

TYN

T,TA,TX

ball guided, polyamide resin

outer ring guided, phenolic resin

TSR outer ring guided, PPS resin

Closure
blank

V1V

open bearing

non-contact rubber seal

Arrangement *

SU

DU

single row, universal matching

double row, universal matching

DUD

QU

three row, universal matching

four row, universal matching

Type / contact
angle

25° contact angle

18° contact angle

Accuracy

P2

P3

ISO class 2

dimensional accuracy ISO class 4, 
running accuracy ISO class 2

P3W ISO class 3 with special inner /
outer ring width tolerances

P4Y
special dimensional accuracy with
running accuracy ISO class 4

P4 ISO class 4

EL

L

extra-light preload

light preload

Preload
M

H

medium preload

heavy preload

CPXX

CAXX

special preload, in microns

special clearance, in microns

Grease type
MTS

MTE

for ultra-high speeds

for high loads and high speeds

Grease fill

X

K

15% of internal space

20% of internal space

L 30% of internal space

70 XMTSP4YELSUV1VTH10BNR

Nominal Bore Diameter

Type / Contact Angle

Dimension Series

Material - Rings /  Balls

Closure

Arrangement

Grease Type

Grease Fill

Preload

Accuracy

Cage

* For additional information about bearing arrangements and possible combinations,

refer to “Angular Contact Ball Bearing Combinations” on page 26.
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DESIGNATION DESIGNATION ATTRIBUTEATTRIBUTE

DESIGNATION SYSTEM

NSKROBUST ANGULAR CONTACT BALL BEARINGS
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Arrangement *

SU

DU

single row, universal matching

double row, universal matching

DUD

QU

three row, universal matching

four row, universal matching

Nominal bore dia. expressed in millimeters

Dimension series
19

10

BNR

BER

19 series

10 series

Material -
rings / balls

H

XE

SUJ2 steel rings / Si3N4 ceramic balls

SHX steel rings / Si3N4 ceramic balls

Cage T outer ring guided, phenolic resin

Lubrication feature

E34
outer ring lubrication groove, holes
and 2 O-ring grooves, oil
lubrication

E55
outer ring lubrication groove, holes and
2 O-ring grooves, grease lubrication

Type / contact
angle

25° contact angle

18° contact angle

Accuracy

P2

P3

ISO class 2

dimensional accuracy ISO class 4, 
running accuracy ISO class 2

EL

L

extra-light preload

light preload
Preload

M medium preload

CAXX special clearance, in microns

Accessories
+Y3 2 x O-rings mounted on the outer ring

P4 ISO class 4

+KLXX spacer, width in millimeters

Nominal Bore Diameter

Type / Contact Angle

80 +Y3P3ELDBE34TH10BNR

Arrangement

Preload

Cage

Lubrication Feature

Dimension Series

Material - Rings, Balls

Accuracy

Accessories - O-rings

indicates features and designations specific to Spinshot II 

* For additional information about bearing arrangements and possible combinations,

refer to “Angular Contact Ball Bearing Combinations” on page 26.

air pressure
decreases at groove
on circumference

oil particle
separation point

centrifugal
force

air flow

surface
tension

oil particle

Fig.7: Spinshot ll structure

DESIGNATION DESIGNATION ATTRIBUTEATTRIBUTE

SPINSHOT™ II AND ROBUSTSHOT
ADVANCED SOLUTIONS FOR OIL-AIR LUBRICATION

A reliable, continuous supply of lubrication to the working surfaces of spindle bearings is a particular challenge. Conventional oil-air  

lubrication injection methods - injecting lubricant into the side of the bearing using a nozzle - can be ineffective due to the air  

vortex generated around the rotating bearing. NSK SPINSHOT II and ROBUSTSHOT bearings deliver two decidedly different but  

efficient approaches to guaranteeing a reliable, even supply of lubricant to bearings operating at ultra-high speeds.

SPINSHOT II PERFORMANCE FEATURES

›	 Heat and seizure resistance - with SHX steel inner and 	

	 outer rings

› 	High-speed performance - in position preload up to 2.5 	

	 million dmn with jacket cooling (maximum 2.7 million dmn 	

	 without jacket cooling)

› 	Silent operation - 3 to 5 dB quieter than conventional oil-air 	

	 lubrication

› 	Orientation - remains stable in either vertical or horizontal 	

	 spindle orientation

› 	Reduced air consumption - as low as 1/3 of that in 

	 conventional oil-air lubrication

› 	Low heat generation - with ceramic balls

ROBUSTSHOT DESIGN FEATURES

›	 Available in NSKROBUST series BNR (18° contact angle) 	

	 and BER (25° contact angle)

› 	With an outer ring lubrication groove and 2 through-holes

› 	Additional outer ring grooves (2) with O-rings to facilitate 	

	 fit and sealing

› 	High-performance outer ring guided phenolic resin cage

› 	Equipped with ceramic balls as standard

› 	Various preload and accuracy options

› 	Universal matching and combination arrangements

Left:  ROBUSTSHOT direct lubrication  
angular contact ball bearing

Above:  Spinshot II advanced oil-air 
lubrication design
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