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1. Introduction to NSK - Global Company Profile NSK

NSK Ltd., Japan (Nippon Seiko K.K.)

a

T— I fh.
:'tblgh:'g Group Companies

19 in Japan, 72 outside Japan

Sales of

~30,577* = h ~€63bn

Emplovees alobal [I 56% Automotive
ooy ) |:|E|[|[| 40% Industrial

* excl. temp. employees, Note: per March 2022 4%  Other Markets
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1. Introduction to NSK - Market Share — Products NSK

Japan No.1
B Global No.3 Electric Power
earings ‘ Steering Systems
Global No.2

Ball Screws

Global No.1

Source: NSK Annual Report
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2. Movement of automotive industry

ﬂilectricallv-powered vehicle

Plug-in Hybrid Electric Vehicle Fuel Cell Vehicle

\)e\é. CO, zero emission at pure EV mode CO, zero emission /Clean energy
é\\‘ A To avoid electricity shortage Alternative energy of fossil fuel
(,05 ‘C‘d by Motor+Fossil fuel driving
e\ dc(\ . - «Convert hydrogen fuel
q\(\ e\e -Eqmp_ped W|th_external to electricity
0?}:"\0‘\\ charging function to HEV
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Petrol car/Diesel car/LPG car ‘

Improvement of fuel economy

/

energy saving
«Improvement of combustion

Hybrid Electric Vehicle

Low fuel consumption,
Reduction of CO, emission

Electric Vehicle

CO, zero emission /
Alternative energy of fossil fuel
-Power generation by engine
and regeneration
-Motor drive and assist

-Driving with electricity only
(external charging)

N

Reduction or no CO, emission
Depletion of fossil fuels

Development and production of
electrically- powered vehicles

>
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MOTION & CONTROL

3. Required functions for Electric Vehicles

Improved Efficiency & Power

Electric Vehicle Requirements

Consumption

Countermeasures for depletion of fossil fuels

Extended Range

e

Adequate battery mounting space

Improved Comfort
Larger Vehicle Cabin

o e
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Electric Motor Requirements ‘ { Required Bearing Functions ‘.
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Lightweight Rotation ! Rotation :
I I
I I
| |
| |

_______________________________________________ A l\—————————————————'

Motor Power = [Angular Velocity] N x [Torque] T

« [Rotation Speed] N x [Rotor diameter]?

Increasing the rotation speed reduces the required rotor diameter for the same

motor power output = Motor size and weight can be reduced
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4. Trend of high speed rotation

High Speed Rotation Index

Raceway(Outer)
Ball

Raceway(lnner) £

Cage

d,N = Pitch Circle Diameter(d,) x Maximum Rotation Speed (N)

160

£ NSK.->
S 10 | Y& —30000
£ (o)
€ 0t o — 25000
g o
o
g 100 o — 20000
% L
80 F
© —15000
60

Timing of Press release, Year

Rotation speed in case of brg
with I.D. ®35mm*’ rpm

2014 2015 2016 2017 2018 2019 2020 2021 2022  >X)Motor for electric vehicles mainly
use bearings with .D. 25 to 40 mm.

MOTION & CONTROL

Merit / Demerit of grease lubrication

5 I

Bearing in oil lubrication Bearing in grease lubrication
Grease lubrication has a merit motor structure can make easier
because lubrication unit and oil passage structure are not needed.
However it has also a demerit for high speed rotation compared to
oil lubrication because cooling ability is lower for heat generation
of bearing internal area.

grease

NSK developed high speed bearing
(Gen.2) allowed dmN=1.4M at grease
lubrication

¥

Higher speed bearing allowed more than
dmN= 1.5M for future EV uses is needed
to develop.

March 2020
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MOTION & CONTROL

5. Technical challenges for high speed and development

Issue for High Speed Rotation
f <Sei > ( @ <Cage deformation> )
@ <Seizure ball\. oil film J -

% > I
e— ring E

As rotation speed increases,
internal heat generation increases !

reducing oil film and leading to I

Cage tip (@) deforms due to centrifugal

the risk of seizure. Before Deformation . cformation fOrCe and contacts outer ring and seal
Higher anti-seizure performance Challenges are Cage design and production
-] by high speed grease J \ to prevent too much deformation I
NSK Development for High Speed Capability
Standard spec. High speed spec. Genl High speed spec. Gen2
Grease Standard type High speed type High speed type High speed type F=mxv2/r
F : Centrifugal Force
m: Mass
RV 4 » v : Rotating Velocity
o = == ¥ .
8 i Camnter e D
centrifugal force
: OV
) | - New plastic
Material Steel Standard plastic Standard plastic material
Stiffness
—] Max. dmN 0.55M 0.80M (1.3M) 1.4M R
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MOTION & CONTROL

6. Design method for new cage shape

Issue Topology ~ Working Shape Simulation Final Shape

imizati Technique
Deformation due to Optlmlzatmn Reduced weight ; Production design

centrifugal force to limit Q

Spreadlng to
outside

Removed portlons not relevant g=-
to suppressing deformation

Balanced design with
ease of production

- Simulation technique N

Example of functional confirmation : Grease flow analysis Example of massproductivity .
confirmation : Ball inserting analysis

The Real The Digital The Real The Digital

MI@WMH
M $33%) |
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1. Features of developed cage (Gen3)

MOTION & CONTROL

High Speed (Gen1) | High Speed (Gen2)

Development Gen3

Adopted high stiffness
(undeformable) material
as same as Gen2

Reduced centrifugal force

to save weight of cage outer
Diameter side

(Designed by topology)

Approximately
70%
Lighter

&AM
[
Iy

Weight of cage

Genl Gen2 Gen3
Ratio of weight reduction

Deformation
at high speed rotation

Approximately
PY g 70% Smaller
% “'é ',\\,‘\ ;\\\
(5} E \/\*».:\’\f\,
£ >
s i B
Genl Gen2 Gen3

Cage deformation analysis results under high speed rotation
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8. Performance of developed cage (Gen3)

Test condition Test result
160
Cage spec. Gen2 Gen3 p\ Gen2 Abndmal heating
dmN 1.4M 1.6M 1.8M g 140 (dmN=1.6M)
Q
Temp. 120°C o 120
. © No abnormal heating
Time 20hr & 100 (dmN=1.4M)
_ 0 5 10 15 20 25
Test rig setup Running time, hr
Radial Load
Support o 160 G 3
Bearing - en
g 140
. ﬁ L
F | (e} 120 va
- ® g N e % No abnormal heating
] 2 (dmN=1.8M)
100, 5 10 15 20 25
n , ing ti
\VZ4 . Running time, hr

TestBeans | No abnormal heat generation & Achievement of high
| speed cpability dmN = 1.8M
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MOTION & CONTROL

9. Further development (Gend)

Test condition Test result
140 A 2y ] 40000
Cage spec. Gen4 —
o 120 ——f 37500 &
dmN 2.1M 3 100 35000 E
g 80 2
Temp. 120°C 2 60 32500 &
g 40 30000 §
Time 1hr after reaching 2.1M dmN 5 L B — 27500 3
. 0 25000
Test rig setup 0.0 05 1.0 15

Radial Load

Test time, hr

Support
Bearing

Test Bearing
of high speed cpability dmN = 2.1M
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10. Summary NSK

High speed rotation DGBB Gen3 for EV motors:
» has achieved high speed rotation of dmN= over 1.8M

» utilizing topology technique and designing optimised cage shape with reducing deformation due to centrifugal
force.

» Gend improved approx. 1.3 times higher allowable rotation speed than Gen2. and approx. 3 times higher
allowable rotation speed than standard bearing

» The adoption of this bearing makes it possible to reduce the size of the drive motor unit.

> It contributes to improve fuel and electric efficiency of electric vehicles, to extend cruising range, and to
improve comfort.

» NSKiis also developing the Gen4 bearing for further high-speed rotation
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