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Trends and New Technologies of Hub Unit Bearings
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by J. Sakamoto

The development of hub unit bearings for motor vehicles has made rapid progress in the area of

unitization by integrating several axle components in order to meet the demand for automotive parts

that realize weight and size reductions, and improved performance. In this article, we will discuss the

latest trends and technologies that apply to hub unit bearings for the purpose of improving

performance, making weight reductions, lowering torque, and enhancing capabilities by incorporating

low flange run-out and integrated ABS sensors. We will also show how the hub unit bearings can

further promote the environmentally friendly goals of the automotive industry.
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Fig. 1 Transition of hub unit bearings for the non-driven wheel
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Table 2 Hub unit bearing seals
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Fig. 2 Structure of the inner ring clamping mechanism for non-driven wheels
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Fig. 3 Structure of the inner ring clamping mechanism for driven wheels
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Fig. 4 Weight reduction achieved by integration of bearings and peripheral components
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Fig.5 Sample of FEM analysis
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Fig. 6 Comparison of friction torque for each type of hub
unit bearings (straight travel at 500min" ')
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Fig.7 Example of a conventional axle structure
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Fig. 8 Example of HUBO and HUBO with a multipole magnetic encoder
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Fig. 9 Hub unit bearing with annular sensor
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Simulation Technology for Developing EPS
Brushless Motors
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by Y. Momol C. Jiangd S. Nakayama

In recent years, market share for electric power steering (EPS) systems has expanded from
compact and subcompact vehicles to include midsize vehicles. In this article, we will discuss the
development process of NSK's EPS brushless motor.

In order to meet the demands of our customers, we have had to shorten our development time to
correspond with the release of new vehicle models and have had to reduce prototype-manufacturing
costs. The necessity to make some design trade-offs in order to meet these requirements, while
ensuring an optimum quality design, has played an important role in our development process.
Consequently, we succeeded in applying these requirements towards the design of our EPS brushless

motor by applying the V-model for simulation modeling.

1. 0000
2. EPSOO0O0000ODOOO0O0ODOOOOODOO
21 EPSOOO0O000OOOOOOOO
22 vOooOooOoDoOoODOOOOOOOOOOO
oooood
3. 0000000000000000o00000o0oo
ooooooooo
3 00000000000000000000
od
32 00000000O0O0O0O0O0O0O0OOOO
coooooooood

1. 0000

OooeEpSODOOOCOOOOOOOODOODODO
coooooooooobocooboboooboooo
ooooo
coooooooooobocooboboooboooo

goboooooooooobooboooboooo

ONSKODOOOODOODOODODODODOODOODEPSODOD

4. 00000000000 00O0000bObo0oooaon
coooodgo
41 J000O00OO0OO0OCOO0O0COO0OO00O00
42 ECUO 00000000 OOOOOOO
43 0000000 OOOOOOOOODOO

od
5. J00000000o0oooooooo
6.0 O O

gbobooooooooboooooooOooon
goboooooooooooo
ooooooo
oooOoepSOOOOOOOOOOOOOOOOO
goboooooooboooooooooooboooon
goboooooooboooooooooooboooon
oobooooood
000000000000 O0O0ONSKOOOEPSOO
gobooooooooooocoooOooooobooboooon

NSK Technical Journal No. 677 (2004)

11



NSK

oooovooooooooooooooooooo
gooooo

oo0opoOoeEpPSOOOOOOOOOODOOOOO
goboooooogono

2. EPSOOO00O0OCODOOODODOCOOD
g

21 EPSO000000000000O0O

EPSOOO0O0O0O0OO0OOOO
gooooooo
goooooooon
gooooooo
oooO0oooooooOoEPSODOOOOOOOOOO
gobooooooooooooboooooogoo
gobooooooobooooobooooood
cooboooobooooboooooooOooooa
oooooooooooooooOoooooooos
gobooooooooooooboooooooo
ogoooooooOooopbCAODOOOOOOOOO
oo0oO0o0o0ooooooOo0ooooEPSODOOOOO
goboooooooooboooobooooooogono
goboooooooooboocoobooooooooo
gobooobooooboooboooooon
EPSOO0OO0O00O0OODOOODOO0ODOOOOO
oo
gooooooooooo
gooooooooooo
goooocooood
goooo
goboooooooooboocooboooooooo
goboooooooooboocooboooooooo
goboooooooooboooobooooooono

oooooood
ooo
oooooooo

ooooooo

ooooooo

o1ooo
ooooooooOoooboOooooooooog
oo0ooOoOooobooooooooboooobooooo
oo0ooOoOooobooooooooboooobooooo
oo0ooOoOooobooooooooboooobooooo
oo0ooOoOooobooooooooboooobooooo
cooooooobooooboooobooooooooo
coooooooooobooooooooooooo
coooooooooobooooooooooooo
coooooooooobooooooooooooo
oooooooooooooooooogon
oooeEpSOOOO0ODOOOOOOODOOOOOO
cooobooooboooobooooobooobooooo
cobooooooboobooooooooooogn
cooobooooboooobooooobooobooooo
cooobooooboooobooooobooobooooo
coooboooobooooboooobooooboooo
coooboooobooooboooobooooooooo
coooboooobooooboooobooooooooo
cooooooood
oboooooooooboooboooooood
obooooooooboooobbooooooooo
OOEPSOOOOODOODOUOOODO0OOOOODOOEPS
O000OO00EPSODOODOOOOOOOODOOO
cooobooooboooboooobooooobooooo
cooobooooboooboooobooooobooooo
cooobooooboooboooobooooobooooo
cbooooboooboooobooboboooobooooo
og
oboooooooooboooboooooooa
cooooooboooobooooooooobooooo
cooooooboooobooooooooobooooo
cooobooooboodoobooooobooooobooooo

oood
oooooooo

oobooooo gooooooo
oooo
ooooo
gopooo
ooooo

ooo

ooooooo

01 ODoOO0ODOO0O0ODOOoOoobOOoOoo

ooo

goooooo
gooooooo

ooomoooon

Fig. 1 The required performance for brushless motor
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The Trend and the Latest Technology of a Steering
Columns /Joints

o
by Y. Yamada, T. Yamada Hb o

Steering systems must be highly reliable. This is especially true for the steering mechanisms
incorporating a sliding shaft, which has become increasingly important due to its vibration absorbing
qualities and its ability to collapse in the event of a head-on collision. At NSK, we have focused our
attention on the influence the sliding shaft has on vehicle stability and control. We have thus
developed a hybrid sliding shaft that combines the strengths of turning and sliding functions.
Furthermore, our newly developed column-type EPS allows for the transfer of large torque. Our new
development provides drivers with more accurate steering response and contributes to straight

tracking at high speeds for overall precise and responsive steering.
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Fig. 7 Torsional rigidity of hybrid slider
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Fig. 8 Steering torque vs sliding force
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Fig. 9 Steering characteristic of hybrid slider

@»

0 0 :100km/h
Vehicle Speed:100km/h

g0oo0oOo, ONIm

04r¢

(il
(mmvy

gooo,ge

010 0O0O00oO0ooooooog
Fig. 10 Steering characteristic of rigid shaft

coooooooocoobooooboboooobooooo
coooooooocoobooooboboooobooooo
coooooooocoobooooboboooobooooo
coooocoooooooooboooon

gooo

1000 00000 DOO EPSOOOO"ONSK Technical Journall 676
[0 20030 550 60



NSK

bbb ouod

oo 0o R e
oo oo

Latest Trends and Technologies of Automotive Electrical

Component Bearings

by O . Iketani

This article discusses the latest trends and technologies of the automotive electrical accessory

bearings for alternators, air conditioner compressors, idle pulleys, water pumps, and electrical

accessory motors.
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Fig. 1 Cross-section view of alternator

01 ODO0OO0OOO

o001
Photo 1

ogoooooooooog
White structure flaking

Table 1 Grease characteristics
ooooo HAB HA1 MA7
goooo gooooo goooooo gooooono
goooo gooao oooo gooo
Ooo00o0oano 400 100 100 100
mm?/s 1000 13 13 13
gooooo 250 290 280 290
ooooo o300 O0d 300 330 300
mNOm oo 100 120 200
99.9
99 o 02000000000000000000000
90
5 e 00000oO0o0oooooooo
O 50 e d
a PPy 0>
g it 3. J000oogooo
>
O 10 -
(] -
o 5 31 000000000000000
1 . - 0000000000000 DO0OoOoDooooO
10’ 10 10 10*
0O0O000h 000000000000 0ooooOooooooon
gooo
e o VA7 0000000000000 00oO0oOooooooon
P X
P o ® HA1 000000000000 000000000000
000001740h ‘HAB

02 00OO0O0OOODOOOOOOOODOOoodg
Fig. 2 Alternator simulation test results
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Fig. 3 Axial-cylindrical pocket cage
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Low Frictional Torque Technology of Rolling Bearings

oo og=x

oo oo

by H. Aramaki

In recent years, low frictional torque technology of rolling bearings have had to meet increasingly

stricter requirements in response to growing concerns over environmental issues, such as the

reduction of green house gases and conservation of natural resources. In this article, we will briefly

discuss the basics of rolling friction and sliding friction of bearings. Then, we will cover details on how

bearing design, contact angle, seals, and surface roughness can influence the lowering of torque in

bearings. Lubricating methods and feeding rates are also critical factors that we will expand on. Finally,

examples will be given of the optimum selection of bearings for lowered frictional torque for ball

bearings and tapered roller bearings.

1. DOD0OO

2. 000000

3. boboooooo
310000000
32000000

1. 0000

00000000000000000000000
000000000000000000000000
000000000000000000000000
000O0000O0O0O00O0Cco,0000000000
000000000000000000000000
oooooooO

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ROODOOODODOODOOOODOOOOODODOO
000000000000 00000000000
000000000000000000000000
0000000000000 00000000000
00000000000000O00oooooo™o

gbooboooooooboooooo

NSK Technical Journal No. 677 (2004)

33 000000
34 00000
35 000000

4. 00O 0O0O0O0O0OODOODOoDOO
5. 0000

ooooooooo®ooooooo®ooooon
000000000oO0oooon
00000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000O0O0ooO
00000000000000000000000
000000000000000000000000

2. 000000

O000000000M1000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooooooo*o
02000000000000000000000
000000000000000000000000
000000000000000000000000



NSK

ooooo0oo0oooooooa
poooooooon

ooooooao
=T
\

/DDDDDDDDDDDDDDD

\DDDDDDDDDDDDDD

01 ODoOOOOOOO

Fig. 1 Friction areas of a ball bearing

pooooocoOoooooobooo
pooooooood

gooooooo
ooooooo

ooooooon

ooooooooocooooooooboo

/DDDDDDDDDDDD

1.5

1.0

O0000ONOm

0.5

0 1000 2000
00000min?!

02 0O0O0O0OO0OO0OOOoO0O
Fig. 2 Friction areas of a tapered roller bearing

coooooooocmooooooooooboOooon
coooooooocooboocoobobocooboooo
cooooooooooooocooooono
gobooooooobooboooloscpaononod
coooooooeHLOOODOOCOCOOOO0000
cbooooboooboooobooboboooooooboo
EHLOOOOOOO0OOO0OOoOOoOOO0O00000000
coooooooocoobocoobobocooboooo
coooooooocoobocoobobocooboooo
oo
goboooooooooboooobooooooo
coooomooooboooboooooooboooom
cooooooooooboocoooboooboooo

000000000000000000000000
000000000000000000000000
000000000000000000000000
oo’o

00000000 000000000000000
000000000000000000000000
0000000000000 0000000000O
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000

000000000 00000000000000

NSK Technical Journal No. 677 (2004)

33



34

NSK

gooboooooobooo

1.4 0.05
_— =000
J — =000
1.2 // \\\ oooooo - 0.04
/ AT T~ oooooo
_ S N
S 7 4 SN 1 0.03
/ , \

0
O |z 08F / 1002 2
0|3 / \ E
e / \ o

006 / \ 41001 o

/ O
1 y \ :

a1 >z
O 2+ _/ i
0 0 00.01
O
- 0 1 1 1 1 1 1 00.02

0012 0009 0006 00.03 0 0.03 0.06 0.09 0.12

ooooooooobooO0Od, mm

03 ODoOOO0OoOOOOOOOOOOOOOO0

Fig. 3 Contact pressure and slip velocity distribution in the contact ellipse area of a ball bearing

ooooooooooOoooooooooos300o0
goboooooooooocooboooooooono
goboooooooooboocoobooooooogoo
goboooooooooocooboooooooono
goboooooooooocooboooooooono
goboooooooooocooboooooooono
goboooooooooocooboooooooono
gobooooooooobooooboOooooooo
goboooooOoooooocoobooooooono
gobooooooooooooboooooooo
gbooooocoobooooboobOooboooooooon
goboooooooooboooobooooooa

3. bgooooooo

31 0000000

4000000 oooobObObObOOOoOonoOon
Oo0ooooo0o0oo0o0OoooHR30306COO
072mm0O 0 0 30mm0O 020.7mmO0 000000

NSK Technical Journal No. 677 (2004)

10000000000000000000000
0000000000000 0000010kNO0 O
6 000min"' 0000000000000 O0O0O00O
00000o0o00o0oo0oo0oo0000000000PCDO
00000o0o000oo0ooo0o00000000o0onon
gooopPCcCODOOOOOOOOOOOOOOOOOO
00000o0o0o0o0ooo0oo0o00000000oonon
00000o0o0o0o0ooo0oo0o00000000oonon
00000o0o0o0o0oo0oo0oo0o0o00000oonoonon
00000o0o0o0o0oo0oo0oo0o0o00000oonoonon
00000o0o0o0o0oo0oo0oo0o0o00000oonoonon
oo0o0o0oooooooooooPCobOOOOOO
00000o0o0o0o0oo0oo0oo0o0o00000oonoonon
oo0oooooooooooPCbOOOOOOO
0000o0o0o00o0oo0oo0oo0o00000o0oonoonon
gopPCOOOOOODOODDOOOODOOOODOOO
00000o0o0o0o0oo0oo0oo0oo0o00o0oooooooo
goPCDOOOOOOOODOODOOOOOOOOOO
aag



NSK

oopoooooo

gooooooo

oooooooo

25
—0o0oo
—0ag
2.0 —_—00n
15
1.0
05
00 | | |
0.0 0.5 1.0 1.5 2.0 25
ooood
25
—[0000
— 000
2.0 —
1.5
1.0
05
OO ] | |
0.0 0.5 1.0 1.5 2.0 25
oooo

Fig. 4 Frictional torque comparison for various parameters of a tapered roller bearing

goooooodmin®

oooooo

2500

2 000

1500

1000

500

—oag o°

0.0 05 1.0 15 2.0 25
oooo
2.5
—0gog
— oo
20 F —— 00
[}
m L
o156
(]
O
210
O
O
05
00 | | |
0.0 0.5 1.0 1.5 2.0 25
oooo
04 00O0O0DDOODOODOODOODOODO
350
300
250
=
O
5 200
O
O
O 150
100
50
0 1 1 1 1
0 2 4 6 8 10

Fa /Fr (Fr=500N)

05 D0000O00O0ooOooooooo
Fig.5 Frictional loss of a ball bearing for varying contact

angles

Fa /Fr (Fr=500N)

06 ODoOOOOOOO

Fig. 6 Gyroscopic slip of a ball

NSK Technical Journal No. 677 (2004)

35



NSK

32 000000

00000000000000000000000
000000000000000000500N000
oos8ooomin”'D0000D0O00ODOOOOOOOO
000000000000000000s500000
000075mm00033mm0 0 20mmO000000
000000000015030045060° 00000
000000000000000000000000
000000000000000000000000
00000000F0F0204000000060°
000000000000000000000000
000000000000000000000000
000000000ooo0oo0oo0o0o0eNnOoOoOoOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooo

33 000000

cooobooooooooboooooooOooooa
goboooooooooboocooboooooooo
gboooooobodooorobooboOooooooono
goboooooooobooooboooooooo
0000000000000 25mm0O0062mmO0
175mm00000000000VG32000000
oooooooooooooo0Oo0o0D3soo005000

x 10[3
140 —
120 ooooo
g
5 100 |
Z
O
2 st ooooo
O
= L
0 6o
O
40 T
20 - VG32
Fal Fa=300,500,700N
O 1 1 1
0 2 000 4000 6000 8 000

00000min”"

07 00DO0DOO0OO0OOOODOOO
Fig. 7 Comparison of bearing torque for bearings with and
without seals

36  NSK Techwical Journal No. 677 (2004)

ooNOD00O0O00D0O0O0O0DOooOooOOooo0oooon
OoooOoDObo0oo0OoOoooooOoz2o006s0000
cooobooooboooobooooboobooobooooo
cooobooooboooobooooboobooobooooo
cooobooooboooobooooboobooobooooo
coooooobooooboooooooooon

34 00000

00000000000000000000000
00000000 00oooooooo®oooon
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000080
000000000000000000000000
00000000068mmO 00 25mm0 O 19mm0
000000000001 000NODODOODOOOO
1 000NO OO D2 000min” 00000000000
00000000000 000000000AD20
0000250000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
0000000000

00MO00000000000000000000

20 Oooooo
18k OooooD
EO0O00
16 - EoO0O00O0
14 +
=
o 12k
O
o 10+
O
8k
6k
4 -
2 -
0
0.25 2.0

AOOOOO/000

08 O00O0O0O0O0OoOoDOooOoooodg
Fig. 8 Comparison of frictional loss of ball bearings based on
surface roughness



NSK

090000000 0HR30306CH OO 72mm0 O O
30mmO0020.7mm000000000000000
00000000000000000003 000N
00000003 000NOO 0002 000min” '000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

90 Oooo

80 Oooooo
Boooo
Booooo

70

Z 60

0 50

O

0 40
30
20

10

2

9 0.7
AOOOooo/000

09 D0000ooO0o0oooOooooOoooo
Fig. 9 Comparison of frictional loss of tapered roller bearings
based on surface roughness

60

—@— [J 0 0 Fa=3920N0
---©---0 000 Fa=3920N0
50 F —A— O 00 Fa=1960NO
~--A---0000Fa=1960N0

oooo

40

30

gooooo,o

20

OO0000O0ONOm

10 [

0
0.0001 0.001 0.01 0.1 1 10 100 1000

00 0 0O mL/min

010 00OODOODODODODODOOooooDoo
Fig. 10 Qil feed rate, frictional torquel] and temperature
rise of a ball bearing

goboooooooooboooobodgno
35 000000

000000000000 0000000000
000000000000000000000000
000000000000000000000000
ooooooooooooooooooo®ooon
OoOO0O0O0100000000000000000
0000000000000006208000000
00000001 960NO3920N0 200000000
01 0000min” ' 0000VG320000000000
000000000000000000000000
O00000O000O0O0O0o10000000000
0000000000000 00000000000
00000000100mL/mind 000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000

4. JO0O0DbOoobobooobooon

gbooooooooobodoboobooooooond
gnmMboooooooooooooobooooooo
000000000 0HR30306CHO63060 0000
00000000000000072mm0O 00 32mmO

500

—— 00 0 Fr=500N
—— [ 0 0 Fr=3 000N

400 - —— 000000 0Fr=500N
=00 00000Fr=3 000N

450

360

300

250

gooo,w

200

1560

100

50

Fa/Fr

011 0000O0DOO0DOOoogoooooo
Fig. 11 Comparison of frictional loss for a ball bearing and a
tapered roller bearing

NSK Technical Journal No. 677 (2004)

37



NSK

O000O0000HR30306COODOO0OOO0ODOO
O000000000000500NO3 000NOOOO
gbooooooooooboobooboooooooon
goboooboooobooooooooooooon
goboooboooobooooooooooooon
goooooobooooobooooooboooo
OF0b500NO 0000000000000 O00OO
gobooooooooobooooboooooogoo
oooooorF=3000NOOODOOOCOOOOO0OO
goboooooooobooooboooooogoo
goboooooooobooooboooooogoo
gobooooooooobooooboooooogo
goboooboooobooooooooooooon
goboooboooobooooooooooooon
gbooooocoooooboboobooooooon
goboooboooobooooooooooooon
goboooboooobooooooooooooon
gobooooooooobooooboooo

5. OO0

cooboooooooobooooooooooog
gobooooooooobooooboooooogon
gobooooooooobooooboooooooo

38  NSK Technical Journal No. 677 (2004)

gooboobboooboobbooboooboon
gooboobboooboobbooboooboon
gobooobboooboobbooboon
gogboooboobbooobooboboooboo
gooboobboooboobbooboooboon
gooboobboooboobbooboooboon
gobodboboobooooboo

ooood

1)0D0O0 000 00000000000000D00000D0"0NSK
Technical Journal, 646(1986), 32-46.

2)00 00O OD00OO0O00O0OO"ONSK Technical Journal, 676(2003), 11-
15.

3)00 00000 OO DooU0U0OoOoOoUUoOoooUOooooooo
0000 NSK Technical Journal, 676(2003),16-25.

4) S.Aiharal A New Running Formula for Tapered Roller Bearings Under
Axial Load” Trans., ASME, JOT, 109(1987), 471-478.

5)00 0000 OO EHLOODOODODODOODOODOODODOODO
0Oo"oooo31-11(1986), 805-811.



NSK

bbb ouod

oo o*oo oo*odb oox

Latest Technologies Applied to AT Maji-Band®

by T. Fujiid X. Gu H. Takabayahi 0o oo

Various products with paper-based wet-friction material have been developed for smoother shifting

of automatic transmissions (AT). Band brakes have been featured as the friction engagement elements

for planetary gears, which provide higher holding-torque capacity than same-size multiple disc brake

caused by a self-energizing mechanism. The advantages that should be focused on are better shift

quality for the release element for upshifting because of the different torque capacity in the drum

rotating direction. In 1988, Borg-Warner developed the Maji-Band® product (coiled-steel straps joined

into bands) that is lightweight and compact for by higher torque capacity (approximately 3.5 times

more) and lower drag torque. However, it is difficult to control shift quality as the engaging element for

upshifting is caused by instability in attaining the required torque to dynamically follow the servo-

applied force. This article describes a more robust Maji-Band® that is controlled mainly by servo-

applied force in comparison with multiple disc brake.

1. 0000
2. 00000000000
21 00000000
22 0000000
3. booooooooooooooon
31 00000000000
gobooooood
32 0000000000POTOOO

1. 0000

O0o0o0O0ooOoO0ooO0OO0O0OO00o0OoooOoATOoO
cooooooooooboocoobobocooboooo
coooooooboobooooobooooooogon
OOoDoOO0oO0OO00000o00oATOOOO0OO0OO0D0OO
coooooooocooboocoobobocooboooo
coooooooocooboocoobobocooboooo
coooooooocooboocoobobocooboooo
coooooooocooboocoobobocooboooo
coooooooocooboocoobobocooboooo

ONSKOOOOOOO obOoOoo0OO0oOo0oo0on

4 J00OO0OO0O0OoO0Ogo

41 0000pOOO

42 0000000

43 00O0OooOoOooobooooo
5. DOoOooooono
6.0 O O

0019880 0000000000000000000
000000000000000000000000
00000000000000000000000
35000000000000000000ATO0
0000000000000000000000000
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
ooooooooooooooooooooon ™
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000

NSK Technical Journal No. 677 (2004)

39



NSK

2. 000000bOooog

21 00000000

gobooboboooboobobooobooboooo
goboooobooboobbooboobboboo
1mdddgoooobobbbooooooooboooo
goboooobooboobobooboobobooo
goboooobooboobobooboobobooo

cooobooooooooboooobooooboooo
cooobooooooooboooobooooboooo
cooobooooooooboooobooooboooo
gooooooobooooooooopOoOoOoooo
ooooogo

22 00000000

oOoboooogressoooooooooooon
cbooooboooboooooooboooooooo

‘ oooo ‘ ooog
‘4 }‘4 >
—F = —at
1
01 O0O0OOO0O0OO0OOOOOOobOoOooo
Fig. 1 Construction of a Maji-Band® and drum set
01 0O0DOO0O0DOOoOooDOoOooooo

Table 1

—
ooo oooooo
000000 || 0000000
ooo o O
0o o 0
ooooooo o 0
ooo o 0
000o0Do000oo o 0
000000000 o o

40 NSK Technical Journal No. 677 (2004)

Comparison of a multiple disc brake and Maji-Band®
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Fig. 2 Drag torque of the multiple disc brake and Maji-Band®
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Trends and New Technologies of Automatic Transmission
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by T. Ootsubo, S. Kadokawa

Greater efficiency is required of automatic transmissions, which have become the mainstream

transmission of modern vehicles in Japanese and North American markets. This trend is in response to

automakers placing more emphasis on developing vehicles with better fuel economy and lower

exhaust emissions. The bearings used in automatic transmissions of these vehicles, including six-

speed automatic transmissions, must meet stringent requirements for low frictional torque, high-speed

performance, compact size, and long life. In this article, we will introduce the latest in NSK bearing

technologies that respond to these very needs.

1. 0000
2. ATOOODOOOOOOOODOOOOO
3. ATOOOOOOoOOoOoood

31 0000000boboo

1. 0000

cooboooobooooboooooooOooooa
gobooooooooobooooboooooooo
gooooooobOboboboooooooooooao
MTOOOOOOOOOOOOOOoOOoOooOoOooO
gobooobooooboooooooooooooon
gobooobooooboooooooooooooon
goboooooooooboooobboooooooo
gobooobooooboooooooooooooon
gooooooobOboboboooooooooooao
ATOO0O0O0OOO0OOO0O0mMoOooOobooOoooooo
ooboooooooOoooATOOOOOOOO0O0O0
gobooobooooOoooobooobocooocbooooo
g

OOooOOoATOOOOOCOOOOOOOOOOO0O0
bobooobooooboooooooooon

gbooobooooboobooobooooob
gbooboooobooobooobooboo

NSK Technical Journal No. 677 (2004)

320000000000
33 00000b00nboonoo
4. 0000

2. ATUO0ODOOOOODOODbDObObOOD

oomoooooooooooobooooooog

coboooobodoboboooocoboooooboooboo

cooobooooboocooboocoooboocoobooooo
OOoooO0ODOO00O0000D0C0O0D0OO0000ATO
coooboodoooboboooooonolgoon

01 ATOUDOODODOODO0OO00OO00O0O0O0OOooOon
Table 1 Bearing performance requirements

ATOOO0OOO0O0ODOO ooo0oooooooo

gooooooooooooooo

O00000000000 - 0000000
00ooo0o0o0ooDoon
oooooo e L.y~ 0000000
0000 s
000000000000 - ~p00000000




NSK

ooooooooooooo

goooooooooooo20000
goooooooooooo
oooooo

goooooooooooo

gooooocooooooo

goooooooooooo

gooooooooooon

goooooooo

oooooooooo
oooooooooo

01 ATooog?
Fig. 1 Cross-section view of an ATV

02 ATOODOOOOOO
Table2 Physical location of bearings in an AT

0OO0o0ao 0oo0oao ooo
0 00000000 00D000D0OO0 480490
—] oooooooo
0 oDooDOooooo 490
0 ooooooooo oD0ooD0Oooooon 490510
ni 0Do0oo0O0O0o0ooooooo
—1{a 0D0o00O0oooo 510
O B gooooooooo
0|0 0o0ooooooooon 000000000020000 510 520
— O
0|Q 0Doo0ooooooo oooooooono 700 710
— O
0o
— 0 0oooooooon ooooooo 510 520
0

ooo
gooooo

oooo
200 30%

cooooooboobocoooo
oO0o0ooO0oO0O0O1M0FFOO0D0OCOO0D0B0ATOODNO
coboboz20000c000obO0b0O0oOoboooooOon
OoooATOOO0O0000000000000
O0200ATODOO0OO0OO0COOOOO0OOCOO

ATODDOOOO ATOOOOO

ogodooooooboooooooooboooboo 0ooooooo
ogodooooooboooooooooboooboo 02 ATOOOOOOOOO0OOO0O00
JdododoooiDogooooooooogogod Fig. 2 Frictional loss rate of AT bearings

NSK Technical Journal No. 677 (2004)

47



NSK

OATO 0000

20020 00060ATOOOOOOOOATOOOO
goboooooooooooobooooooon
Lepelleter0 00000000000 O0OOOOOO
goboooooooooooobooooooon
gobooooooooooooboooooooo
gobooooooooooooboooooogoo
oooeOATODOOOOOOOOOOODODOO
goboooooooooon

ATODODO0ODOOO0OOO00O00O0O0O0DOOO0O000O0
gobooooooooooooboooooogoo
gbooooooooooboboobooooooon
ATDODO0D0OO0OO0O0O00O0O0O0O0O0ODOOO0O00000
gobooooooooooooboooooogoo
gobooooooooooooboooooogo
o0oooooATODOOO0OO0OO0OO0OOOO0OOO0O0O0O0O0
goboooooooooboocooboooooooo
gooooo

OO00O000O00o000ob0O0oo0oocOooOoOoOooATo
goboooooooooo

o1nooooood

020000000

os30o000oo0ooo
goboomo1oon

O000ATO0O0D0000D000O00O000ONSK
oboobooooz20o0DOO0D0O00000000O0O0

3. ATUOODOOOoogoooo

31 000000000000

311 000000000000 00D00O0000 &
gooo

ATOOOODOOOOO0O0O0O0OC0O0ODOCOO0OO00O0
gboboooocobooooboobOobooooooon
Oo30ATOOODOOOOOO0O0O0OOOOOO0O00O0
goboooooooooboocooboooooooo
goboooooooooboocooboooooooo
ooooooooooOoOoooooooOoOOoeOAT
O30ATOOOO0O0700000000C00O0C0O0O
g

cooooooboooobooocoOooboOooooboo
gobooobooooOoooooobobooocobooooo

obo40000000000C0CO0DO0O0O0S00000A0
ooo
giooooooooocoooboooo
cooobooooooooooooooooog
goboooooooooboooobboooooooo

48 NSK Technical Journal No. 677 (2004)

19700 19800 19900 20000
8 —

O

= 60 AT

O

g /

O A//

D | |

O |

O 4 — 50 AT

O 40 AT

O

O ¢/7

O

O /

O

O -

O U3 ogog&O OO

03 ATDUOD00D0O0DO0O000DO0O00O0oOoooooogg
Fig. 3 Severity index of needle roller bearings in multi step
ATs

04 OODOODOO

05 ODOoOo&oooooo
Fig. 4 Full-complementroller Fig.5 Cage and roller assem-
bearings bly

ooo
0oooo

80| | goooarr

7.0/ |ooosoo

60| [ 00000030min

—=[000
—— C&R

0 1000 2000 3000 4000 5000 6000 7000
00000000000 min®!

000000NIm
(AR
o o o

06 0000000000 OOO0O0OO0OO0O0O0OOnOoO
Fig. 6 Frictional torque comparison of full-complement roller
bearings and cage-and-roller assemblies

00000o0o0o0o0ooo0oo0o0o000000onoonoon
Jo000o00o0oo0ooooooooooooon
02000000000000&000000
00000o0o0oo0oo0o0000000000000On
000000000000000000000060
0000000000000 0000000000
1000min"'00000000O00O00O0O0O0OO0



NSK

gOO0O0000D400000000000000
oo0000oo0ooo&O0O0oooooooooo
oooooooooooboocooboboooboooo
ooooooooon

312 000000O0O0O0O0O0O0O0O00O0

O0Do0oDooooooooooooD&Q o000
O00o0Do00oooooooooooooooon
O0o00oo0ooDoDoooooooooooon
0000000000000 00O0O0ONSKOOOO
O00o00o00ooooooooooomoooon
O00oo0ooooooDooooooo&OIOOOnO
O00o0Do00ooooooDooooooooooon
O00D0D0D0000FFEOATODOODOOOO
RavigneauxxO O OO OOODODOOOOOOODOOO
O00o00o00oooooooooooooooon
0000002000 00000000000000
O00o0Do00ooooooDooooooooooon
O00o0Do00oooooDoooooooooooon
O00o0Do00ooooooDooooooooooon
O00o0Do00ooooooDooooooooooon
OO0ATOO0OODODO0OOODODO0OODOOoOOoOO
oooooooooog

00oooooooooooooooooooodg
O00oDoo00oooooDoooooooooDoooon
O00oDoo00oooooDoooooooooDoooon
o0o0ooooDOoDoooooooooooon
0o0o0oDooo0oooooDoooooooooooon
0o0o0oDooooooooooooooooooon
O00ooooooo700000000000000
o8iooooooUoooDoooooooooon
Oo00oooooooooooooooooooon
O00oDoo0ooooooooooooooooon
O00oDoo0ooooooooooooooooon
O00oDoo0ooooooooooooooooon
oooooooooooon

goobooooooooooo
ooooooooooo

go0ooooooooooo
ooooooo
-gbooooooooooo
gooboooooooboonb

oooooooooooonD
-000oooooo

07 00O0OOO0OO0OOOOOOOOODOOODOOO
Fig.7 Features of special induction heat treatment for
planetary shafts

000000 Oo9800N 00000 20rs.

35
30 1 - 000000
—— 000

—S-000000

25

T

20

T

10 -

s o

1

140 160 180 200 220
gooooo

opbooooogOpm

08 OD0UUoOoOoooOoUooDoOoOoooOo
Fig. 8 Relationship between the amount of shaft deformation
and heat treatment

320000000000

goooboboooooooooocoooooooon
gbooooooobooooooooo,coooan
goboooooooooooooboooooooon
goboooooooloo40o0o00a

o1ioooogoo,oobocooon

coboboboooooooooooooooooon
goboooboooobooboboooooooooon
g.00o0o0ooocoboooooooboooogo
goboooooooooooooooooooon
ATDO0DO0ODOOO0OO0OO0O0O0O0O0O0O0DOOO0ODOO0000
omoeonono

50

IN
o
T

E

=]

Z

S 30

X

O

[}

020

[}

O o 00DDO2
O 000 044

—
o
T

- 00003
000 022

O Il Il Il Il
0 1000 2 000 3000 4000

00 0 min”’

5000

09 0O000DO0OO0O00DOOO0O0OUOOOUDOOOODO
oo
Fig. 9 Relationship between frictional torque and roller
specifications

NSK Technical Journal No. 677 (2004)

49



NSK

60

|
é 50 0\‘\’ f
SZ 012 100002000000000000000
© 40 Fig.12 Thrust needle bearing with two rollers per pocket
ESO .\I\.
O
SZO A— 3 s 0o0oo0o0o0o0oo0o0oo0oo0ooooooooao
- 10 ——-[0000o0o0o Joddd0ooooOoOoooooooooboooon
= -~ 00000000
——00ooooo Jdo0oo0oOo0oooooooooooboboooon
96 1000 2000 3000 4000 000000000001300M00000000
00 O min®! 00D00mO01000
010 O0OO0O00o0Do0ooooooooooooooooo
0oQ JdddooooOooooooooooboooon
Fig. 10 Relationship between frictional torque and roller Jo0doooooooUoooooooooooooo

crowning

coooooooboobooobooooboooobooooo

gooooooooboomosg1400o
0z2000000000000A0

cooooooboooooooooooooooo
goboooooooooboocooboooooogono ‘
O0o000.000ATOOCOCOOOO00O00000O0 \
ooooooooomo1e000 :
\

ooo

os0oo0oO0100o00z200000
coooboooooooobooocooooOooooa <«—0000000
goboooooooooboocoobooooooogono ooooao X O0Dooooooooooc
goboooooooboooboocoooocoooo :
goboooooooooboocooboooooooono i
i
i

Uooooooooooooooooooooooo
HoooRnonononoananononD 013 00000000000D00DOO0DOO0ODOODODO
pubooogooooooodnooodoogn Fig. 13 Contact point of conventional cage and the improved-
Uooooooooooooooooooooooo contact type cage
ooooodoooooooooooooooood
ooooooooooooooooo, 1 googo
Uooooooooooooooooooooooo
2002000000000000000000O0A0
ooooobomonoo12000

100

0F |DO0D00O0O0
80 0 0 O 100cc/min

70+
60

30+ —— 00 000289.6N
—a— 00000482.7N
—A— 200 0000289.6N

*

00o0ooox 10"°NOm
a1
o
T

10+ —— 2000000482.7N
0 1 1 1
0 1000 2000 3 000 4000
000 min™"

0MM100dd200000000000000000000
ooooooooooo
Fig. 11 Frictional torque comparison of cages for conventional

thrust needle bearings, and bearings with two rollers otz oDooooooooooooon
per pocket Photo 2 Improved contact-type cage

50 NSK Technical Journal No. 677 (2004)



NSK

oooo
00000018 000min? !
00 0200N

ooooo oooo

|
200h

400h

014 00OO00OO0OO0OO0OO0OO0OO0O0OO0OOOOd
Fig. 14 Comparison of seizure test results of the conventional
cage and the improved contact-point cage

33 00000000000

331 0000000000

ATODOO0O0OO00O00O0OO0OO0ODOO0O0O0O0000DO
oooooooooooboocooboboooboooo
coooooooooobocoobooboooboooo
OOooOoOooOoo0ooOoooopPOOOOOOOOO
cooooooooooboooboboooboooo
coooooooboobooooooooooogn
coooooooooobocoobooboooboooo
O000DO0ONSKODOp 1000000000000
coooooooooobocooboobocooboooo
oooooooooooooooooooboboooos
coooooooooobocoobobocooboooo
ooo1suuoooogooooooogon

50

- 00000
40 =~ 0000000000

30 '\-/_

O0000D00x 10”°NIm

0 L L L L
0 2 000 4 000 6 000 8000 10000
00 0 min™’

015 00000000 000O00OO0DOODOOooOoooodg
Fig. 15 Frictional torque comparison of bushings and drawn
cup needle roller bearings

003 ODO0oooooooooooooon
Photo 3 Bushing and drawn cup needle roller bearing

332 0000000000000

coobooooooooobooobooooooon
ATD0OO0O0OO0OO0OOO00O0OO00O000C0O0DOOO0O00
goboooooooobooooooooooooon
grooocoooooooogoon

TOTrO Ts

mbooboooooooooooboooooooo

rsUb0oodooooooooooood

016000000000 O0O0ODOOOOOO TsO
gooooooooooo rrogoobdoon
oioo1goooooooooooogon

ooboo 7soooobbocooooobooood
goboooooooooocooobooooobooooon
uobooooooooooono rOoooboooooao
goboooooooooocoobooooobooOooon
oO0oooooooO0oo0o0ooo20000000000
goomaoi7o
02002000000000000000

gioooooboooocoooboboocoooona
goboooooooooooooooooooon
goboooooooooboooobooooooa

oodo0200000000000D00000O0CC
gbod7rrooboobobobooboboobooobon
gobooooooooboocoobooooooooo
goboooboooooooooooooooooon
oooO0o2010o0o000o00O00bOb0O00O0DOoon
oo0oooz0000000000C00000000
OO00ooo0ooO0o0oDb0200000000000000
oooooOooooooooooOosooooono
gooooooooooboobooooboooOTr
oO01ooo0oooO0o0o0o20000000000000
0170

NSK Technical Journal No. 677 (2004)

51



52

NSK

= 70 Te0 Ts
O
|
- Tr
O
O
O
Ts
0000, min?!
016 7TrO0T7sO OO
Fig. 16 Correlation between Tr and T's
3.0

000000@ 40x @ 90x 35.25 .l
= L 00000O0Fa=5000N  ___.-==""""
O
Z.
O
|
O
|
O
|

2000

0 1000
gooOd, mn'

3 000

017 00O0ODOODOODOOOOOODOODODODOODOOOO
Fig. 17 Frictional torque comparison of low-friction tapered
roller bearings and conventional tapered roller bearings

D0 000000 ObOOO0OOD0OO0OO0DDOOODO

018 000000000 E@OOODDOODOOOOOOOOO()
Fig. 18 Cross-section views of (a)conventional design and
(b)low frictional torque design

333 000D O0O0O0OO0ODbDOoOoOoobDbooooo
ug

cooooooboooobooocoOooboOooooa
gobooobooooboooooooooooooon
gobmoooooooocooboocoooboocooono

NSK Technical Journal No. 677 (2004)

0.6
05l | *—O0pooooo
£ =000
—_
Z 04
m|
m|
O 03r
[}
o 02r
m|
0.1 r_’_"_____————‘
0 Il Il
0 2000 4000 6 000

00 00 min”’

019 0000DO0oOoooOooooood
Fig. 19 Frictional torque comparison of tapered roller
bearings and ball bearings

NSKOOOOODOOOOOODOBRAINGODOODO
coooooobooooboooobobooobooooo
OO000O0o00o0O0D0OO0O00O00O0O0b01%000O
cboooooobooooboobobooooboooo
o

334 U0 0O00O0OOODOODO

00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 00000000O000n
2000000* 0000000-00000 00
0000000 -00000000-0000” 00
00000000 OATFOOOOOMIOODOOOO
0000000000000 0000O00O00O0n
ATOODOO0OOO000OoOoOoOO0oooooooo’oo
O0O0OMTOODOOOO0OO0OOO00O0OO0O000000
0000210ATO000000000000000
oooooQ

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O0O00O0ONSKDOOOOOOOOOoOOoooo
000000000000000000000000
Dooooo0®000000000000SACOO
0000000000000000000004000
O0000000000sS000000000000
000000000000 0000000O00OTF
0000000002200 00000000000
000000000000000000000000
ATOOO0000O0O0

00000000000000000000000
000000000000000000000000



0o0ooo0oooooo
ooooooooo

0o0o0oo0o0ooooo

T JuﬂmﬁagﬁyF

oooooooo oooo-000

020 JO00O0ODODOOOOODODOOODOO
Fig. 20 Process of surface originated flaking

ooooooooo gooooooong

ooooooooo

0
0.0 02 0.4 0.6 08
00000000mm

0.5mm

021 ATOODODOODOOODO OOOOO0O
Fig. 21 Fatigue analysis of bearing endurance test for an AT

90
50 —
10 [ E 0000
5 A TR
® Hi-TF
O ooogoTF

| |
1 10 102 103
O0O0h

ooooooono

oooo
OP/C=0.4300000
N=4 000min""
oooood | oo 870HV
{ 00 740147y m
00O 150ppm

022 000000000000 000000000000
Fig. 22 Life test results of bearings contaminated lubrication

5y 1
004 SACODODUOOOOD pops OODOODOOOOOO
oooogd Photo 5 Microstructure of
Photo 4 Microstructure of carburized conventional
carbonitrided SAC steel steel

goboooooooooooooooooooon
goboooooooooooooooooooon
goboooooooobooooooooooooon
goooo

4. 0000

OO0oOoO0o0O0OO00OO00O0oATOODOOODOOOO
Oo0o0oooooooooOoOOoOOoOOoOATODOOOOO
cvibooooooooooooooooooooo
oooocovioooooooooooooo

cooboboooooooooocoooboOooooo
gobooobooooooocooooooooboooon
goboooooooooooo

oood

1000000000000 000000000 No.7A02510"0000
ACV3#0 [0 (2003)

2000000 0U00D000DD0D0O0DDOO0OO0DO0O0ODO0OO0OOOO0OBRAINTD
NSK Technical J.00 633(1997)1-7

30000000 0000000000000 0MNSK Technical J.0
646(1986)18-25

400000 DO000OO0ODOOO0OODOOOONSK Technical J.O
673(2002)3-6

NSK Technical Journal No. 677 (2004)

53



54

NSK

Doo0dooouooonooodevTd

oot

Efficiency Analysis of Half-Toroidal CVT Considering

Deformation of Pivot Shaft
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by M. Ochiai

This article describes efficiency analysis of a half-toroidal continuous variable transmission (CVT)

that takes into consideration deformation of the pivot shaft. Recent advancements made in automotive

transmissions require the development of a high-performance half-toroidal CVT that is compact, highly

efficient, and provides high-torque capability. In order to develop such a high-performance CVT, CVT

efficiency must be predicted accurately. In CVTs, a large load is applied to a traction contact point to

obtain traction force, which may cause deformation and displacement of some CVT components. Until

now, conventional analysis failed to consider the deformation of CVT components. NSK has developed

a new calculation method for predicting half-toroidal CVT efficiency with greater precision.
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Fig. 2 Cross-section view of the HUBK hub unit bearing for minivehicles
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