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Present and Future Technologies for Automobiles
— Resolving Problems Associated with Environment and Energy —
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Department of Mechanical Engineering

The motor vehicle is the major cause of both regional air pollution and global warming. Two approaches are delineated

to improve these two contradictory problems. The first approach is to enforce more stringent regulations on vehicle
emissions. Automakers are directed and obliged to improve upon existing vehicle technologies in gasoline and diesel
vehicles to comply with these regulations. Advanced engine technologies will be utilized in combination with
aftertreatment systems and reformulated fuels. Developing new alternative powerplants and fuels is the second
approach to further achieving oil conservation and improving regional air quality. The categories of the vehicles
involved also include electric and hybrid electric, natural gas, and fuel cell vehicles.
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Constant Velocity Joints (CVJ) are an essential part of front driveshafts in FWD vehicles. NTN first began production
of CVJ in Japan for the Suzuki “Suzulight” in 1963. In 1965, NTN produced the world’s first “DOJ” plunging joint. As
FWD and 4WD vehicle popularity grew, the production of CVJ greatly increased. As the leading CVJ producer, NTN

has made improvements to the original CVJ, supplying new, innovated CVJ to major automotive companies all over the

world.
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Summary of E Series, High Efficiency Constant Velocity Joints
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In order to meet societies’ greater requirements for safety and environmental preservation, automotive manufacturers
are trying to develop automobiles with better fuel efficiency, comfort and driveline stiffness. NTN has met the challenge
by developing and mass-producing the E series—high efficiency constant velocity joints for driveshafts. This paper
summarizes the E series products.
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Shudderless Constant Velocity Joints (PTJ)
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NTN has developed a new shudderless plunging joint for driveshaft applications. At high torque levels and large
operating angles, the induced cyclic axial load and static plunging resistance of this new “PTJ” are reduced compared
to the existing shudderless joints. The PTJ has the following features:

(1) The induced cyclic axial load and the static plunging resistance are almost constant and are not affected by

operating angle,

(2) The induced cyclic axial load and the static plunging resistance are about 50% less than that of a standard SFJ.
(3) The weight is 150 20% less than that of a standard SFJ.
(4) The number of components is reduced and assembly is easier compared to the SFJ. The components are outer

ring, inner ring, needle roller and snap ring.

The PTJ is expected to perform well in passenger cars at high torque levels and large operating angles.
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CFRP Hybrid Shaft for Propeller Shafts
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The CFRP hybrid shaft is produced by inserting a CFRP pipe into the inner surface of steel pipe. Lighter weight and
higher bending stiffness is achieved, consequently making a one-piece propeller shaft possible. Conventional steel
shafts require a two-piece or three-piece segmented construction.

The CFRP hybrid shaft advantages include 10% or more reduction in weight and fewer parts as compared with steel
shafts. The steel outer surface results in higher durability under harsh environments.
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Cross-section of CFRP shaft (t=4mm )
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Dynamic Analysis of Forces Generated on Internal Parts for Ball Type
Constant Velocity Joint

OO0000*  Yoshihiko Hayama
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A constant velocity joint (CVJ) can transmit torque while keeping rotation constant from the input shaft to the output
shaft while the two shaft axes are at any angle. CVJ’s are roughly divided into two types. The first is a fixed type that
can accept only bending movement between the input and the output shaft. The second is a plunging type, which also
permits telescopic movement. Each CVJ consists of several parts that move in 3 dimensions as it works. Analysis of
dynamic forces generated on these parts is important in the development of a CVJ. However, it is very difficult to
measure all these forces in experiments.

This paper describes multi-body dynamic models and analytical results of internal forces of two types of CVJ, DOJ
(plunging type) and BJ (non-plunging type). ADAMS, a dynamic modeling software package, is utilized to build these
models. Clearances between all components, 3D contact forces and friction forces are taken into consideration in
these models. 3D contact forces are calculated by using Hertzian contact theory. In addition, the dynamic CVJ models
have been verified by comparing the analytical results with experimental data. Two types of CVJ multi-body dynamic
model have been completed, with analysis. As the result, it is possible to predict CVJ assembly internal forces. In
these analyses we can get various characteristics of CVJ internal force. According to analytical results, there are some
balls on which no contact forces are generated in BJ and DOJ assemblies. As the operation angle is increased or the
friction coefficient is decreased, the peak contact force generated between the ball and the track is shifted to the
smaller phase angle side. Analytical results are similar to experimental results in the DOJ assembly model.
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Test Method to Evaluate Reciprocating-Motion Rolling-Sliding Strength
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When a constant velocity joint (CVJ) transmits the rotation of a shaft at an angle, its balls roll and reciprocate on the
inner and outer raceways. The reciprocating action produces sliding especially at both sides of the channel. Itis
difficult to quantify the precise life of a CVJ due to the fact that the occurrence of flaking failure causes little vibration in
reciprocating motion. A new test apparatus was developed to evaluate reciprocating motion rolling-sliding strength.

In this apparatus, three balls have reciprocating contact with a test specimen. Pure rolling occurs at the center portion
of the reciprocating span on the test specimen, whereas rolling accompanied by a certain amount of sliding occurs on
either end of the center portion due to interference between the balls and the retainer. Induction-heat-treated JIS-
S53C was evaluated in this testing. Flaking failures were induced at an end of the reciprocating scar in sliding, which
were shown to originate from the contact surface. These results paralleled the observed flaking failures occurring in

CVJs.
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History of Hub Bearings and Recent Technology

0 0O 0O O* Eiji Funahashi

198000000000 O0DOOOOOOOOOOO
oboooooooboobOooocooobooooon
00000000000 ONTNOODOOOOOOoOO

oo

In recent years and in light of global environmental regulation surrounding the automotive industry, every component
and part assembled in vehicles have been closely examined to reduce weight, friction loss, and carbon dioxide (CO2)
emission. Hub bearings are, obviously, not exempt from this critical examination. Hub bearings have also contributed
to the safety of vehicles as a component of ABS (anti-lock brake system) and ABS sensor integrated hub bearings
have now been adapted to ensure the reliable and precise transmission of the wheel speed signals.

This article features the transition of continuous improvements in hub bearing design and the technologies recently

introduced to meet the aforementioned trend.
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NTN's “Hub Bearing with Wireless ABS Sensor” needs no external power supply or electrical wire connections because
a small multi-pole generator and radio transmitter are built right into the hub bearing. The multi-pole generator
provides both the electrical power and the rotational speed signal to the radio transmitter. This high performance axle
module eliminates the labor involved in connecting the ABS speed sensor wiring harness and prevents the risk of

wiring harness damage. In addition, the axle and ABS system components are designed to be simpler and more

compact.
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NTN GEN 2 Tapered Roller Hub Bearing for Large Commercial Vehicles
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This article introduces design characteristics and evaluation results of NTN GEN 2 Tapered Roller Hub Bearing (HUR)
for large commercial vehicles. Under severe operating conditions, reliability and serviceability of NTN HUR are
significantly better than those for the conventional bearing arrangement, which uses two tapered roller bearings.
Excellent durability is achieved through intensive development of high performance grease, high pack seals, and
bearing raceway profile optimization. NTN also developed new test equipment to simulate actual vehicle operation
specifically for the NTN HUR product line.
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Development time, cost reduction, and quality improvement are important considerations in new product development

for the automotive industry. Computer analysis is an indispensable tool used to achieve these goals. Finite element

analysis is extremely useful for preliminary study of a new product design. This paper introduces the utilization of finite

element analysis for hub bearings.
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Evaluation Bench Tests for Hub Bearings
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Automotive hub bearings are considered to be very important components for vehicle safety. The hub bearings are

important elements that affect all aspects of vehicle performance including normal forward motion, turning, and

stopping. Therefore, the evaluation test is very important. It is used to verify the function and reliability of hub bearings

and to ensure the safety of the vehicle. This article outlines bench tests used to evaluate automotive hub bearings.
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There has always been a demand for lighter and more compact wheel bearings. A new retaining method has been

developed and applied to NTN Generation 4 Hub joints (GEN4 H/J), which are utilized on drive axle applications. NTN

GEN4 H/J is not only lighter weight and more compact, but also improve serviceability. NTN GEN4 H/J can be

employed in a vehicle of any size.

1. 0dgo

oooooobDoboboooooogoisoonono
gbooooboobooboooooboooooboo
gooobOoooobooboooobrobOooOn
oooooooooboooboooobboooboog.

ooboooocobooobooboboobooboooog
gbocoooboooobooooobooooboo
oobooooooobsobobOoOooboOoagoDOO
O0D0O00ODOOGENLI H/BOODOOOOOODOO
gboz00000000000000000000
oboooooooooboobooooooooooboo
000o0o00ooo0O0oO0b0O0GEN20GEN30O0O0O0O0
O0O0H/BOOOOOOOODOOOOOOOmMOO
oooooboooooobboooboboOoooooobooo

ooboooooboooobobooboobobooboo
ONTNOOOOODODO40000000000GEN4
H/AIOODUOOOOOGEN4 H/OOOODOOOOO
0000000000 CVIOOGEN3 H/BODODOOO
gboboooboocoooooboboboooooo
oooooooooooooooogodH/BOCVY
O00OOONTNOOOOOOOOooOoooooooo

2. 40000000000 GEN4 H/J0

400000000000000Cva0bOoooo
O00010000ONTNOOOOOODOOOooooo

oobooobomoan

ooao

cvjooo

Noooooo
& L]

oooo
00—Ccvioooooon
O0O0OO0ONTNODOOOO
0ooooooooooo
ooooooo

ooooooo

oooooooooo

01 00000000000 GEN4 H/J
Tube formed Gen 4 H/J

*MOobO0b0b0 ooooodg

-80-



e 40 pooooooo

gboooooooooboogono
i00o0o0ooO0o0ooOo0oooooooooboooooo
ooo
0000000000000 ooooooooo
igcvyooooooooooooooooooogo
oboboobO0ooboobOooDbOooDbOo0DbOoDn
gobooomo?2d
gboocoboooobooboooobooooo
oboboobobobOoboo3gooooooog
oobooooooooooboooooo

2.1 000000
cviooodH/BOODOOOODOODOODOODODO

O00CVIOEBJOOODODOOODDOOGEN4 H/J

ooboooDooooooobooboooon

0i1g0o0o0ooogoood
uboobOoobOoobOoobOoobOooDbOon
ooboooDoooo

02000000000000
uboooobooobocviooooooooooon
oooooboobOoOO0oooooooooboboonooog
obOoooOoooOoobOoobOoobOOooonooo
uboobOoobOoobOoobOoobOooDbOon
oood

o30ooooogoood
GEN4 H/J0DOO0O0OOO0OO0OO0OO00O0DOO00O
H/ IO OODOOOOOODOOoO0oOOooOooooo
oboooobOoobOoobOoobOoobOooDbon
ubobmo4b00000000000000
oobooooooog

02 O0OodOooog
Tube forming method

03 ODooooooooad
Knurl appearance

04 00OOOOOOOO
Easy assembly and improved serviceability

-81-



22000000

gboobooboooboboooboobooboon
gbooooooooooooooooocecvaonooo
gbooobooesunoesnounooonooooonoon
gos3pooooboboboorFFODOO0DODO0OD
gboooodoogooag

oi10oooood 0200000000
o3goooooooon 040000000

0i10o0o00ood
o0o0O0bD0o000db0DGEN4 H/ODOODOO
gocvioooooooooooboooooon
goooooooooooooboooooooo
gooooooboobooboon
gogoooobboooooooobobobooooa
goooosbooon

oooooo [
= p0pooooo |
oooood

oooo

0 50 100 150 200 250 300
OO00O0OkNDOO

05 O00O00oooao
Pull force test result

gogoooobbboooooooboooboooo
gbooooooooboooboooboboobo

(20000000

O00000O0O00O0GEN4 H/JOOOOOO
00Ccvioo00oO0000ooooooooog
0000000000000000000000
00000000 e6m
0000000000O000O0O0l1000000
0000000000000000000000
osodOs500030000000000000
00000000000000000950000
0000000000000000000000
oooooo

-82-

|E|100I:IDDEI| |I:I104I:IDEIEI|

N-m

oooooo
=)

< .
gesuonoog

5000 8000 10000
ooooo ooooo ooooo

06 ODOOOoDOOoOoog
Static torsional strength test result

o3goooooooon

goooono

OO0000D0OO0O0O0OD0GEN4 H/AOOODOO
gocvijoooooooobobobbooooooo
oboboooooooooooooobormo
gboocooOobooobooooosooooooon
goobooooooosouboooooooboobo
cvioooooooboooooooogono

gbooobOobooobooboooesbouonooon
goz20000b0bgobooooboboooo

1
b g ooooooo
", || 00000000
H'\.

——pgo50000000 |
01000000000 [~ -
01040000000, =

—— 50000000 1

—- 80000000

L S o

[2x 106000000

(0] 10t 102 103 104 105 108 107 108

ooooo

O7 DOOOOODOOODODO
Dynamic torsional fatigue test result

u4b0o0o0o4aod

obOoobOoos3booooooonoOoFrFDO
O00O0O0O0OOGEN3 H/BOODOOODOOODO
gboooooo

obO0ooob0ooooboo20000000
gogoobobbbooooooobbbboooon
ugbobooooobooooooooooboana



2.3 0000
ggooboboooooobbooooobbooo
oobobooomoooooooboooooooooo
goobObOO0ooooocobobooooooooboooa
GEN4 H/JOOUOOoOoOoOopoooooooooooo
gbobobobooobooboobooboboobaonn
GEN4 H/JO0OO0OOoOoOoooooooooooDboo
OO00O0O0O0O0O0ODDODDOOO0O0O0000OGEN4 H/J
gbboobooboobooboobooboobon
ubboilimooooboooboobooobooboboobooon
gooooooooon
poOoOooooboooa
goocoooboooo
gooooooooon
goboooooooon
oooOoOD0OD00GEN4
H/0O0O0O0O0O0OOO
ugboboobooood
goocoooboooo
gooooooooon
gbooooaoaon

001 0D00ooOoooooo
Actual vehicle test set-up

2.4 J0OO00o0oooooo
23000000000000GEN4 H/JO OO
gboocoooooobooooboobooboooog
gboocobOoooooboooobooobooboooag
gooobooooobooooboobooboooog
OO0DO0OO0OO0OGEN4 H/ODODOOOOODODO
oobooboooboooboooooooo
ooooboooobooboooooboooooo
OOGEN4 HAOOOOOOO0O0O0O0O00000oo
goboz2o00oocbooooooocboooboooon
o000 oobooooboooooooboooo
gboocoooooobooooboobooboooog
gobobooooooooooooooooooooboog

i

A

002 000OO0OO0OOO
Complex condition durability test machine

4000000000

2.5 GENA H/JOOODOOO

000000000000 GEN4 H/QDODOOO
ubooboobooboboobooboooan
ooooboooOobo30ooooooboboOorFOO
gbobooobooboboboooobobon

gboooboogoborFFOO0OOOOOOOOOO
GEN4 H/JO0DOOOO0OO0OO0OO0DODO0O001MmOooo
GEN3 H/BOCVIOOOOOOOOOOOOOOO
OOD0OD0O0OC0OO0OGEN4 H/AOOOOOODOODOO
oooobooobOobooobobooiabooosoond
oooo00ooboOOooboOooooboobo2z2z200000
obooooood

01 40000000000O0bOd
GEN4 H/J design comparison

oo Dooofooooooood

oooo

ooooo
GEN3 H/B[I ]

w0 |

CVvJ

oooog oOoDooo

ooooog
oooo
GEN4 H/J

gosooof O022mm

0o0oo0o0oo0docvioooooooonoooonooooo

3. 0gnog

oooobooooboboobooooooooboo
oooooobooooobobobooooboEesBdd
GEN3 H/BOOODODOGEN4A H/AOOOOOOOOOO
OO00OH/BOCVIODOOOOOODOD1I00O0OODO
oboooobooooobooooboooboobooog
OONTNOOGEN4 H/OOOODOOODOOOOOoOO
oobooooboooobooooogooooboooooo
oobooboobooboocobooobooooog

goooo

& &
o0 aoag o0 oad
ooooooa goooooo
gooooa goobooa

-83-



NTN TECHNICAL REVIEW No.700 20020

[0O000O ]

SR S FEECET T LT P EE R EREE E

gobbooobobooobooobbooobbooobooon
uooboobooobobooobbooobbooobobood

oooo oooo ooooo
goog oo
1000oo elJ000OO0O0OOOOOOOOOOOOO
el00O0OOOOOOOOO elJ00O0ODOOODLOOODO
elJ0000O0OO0OOOOOOOOODOOO elJ00O00O0OODOOODOOODOOOO
gbooooooood elJ0000D00OODOOODOOODOODOOOO
200000

elJ00OOOOOOOOODO
eJ000O0O0OOOOOOOOOOODOOO
goooooogn

30boggn
eJ00O0O0O00OO0OOOOOOOOOODOOO
oboooooooog
elJ00O00O0OODOOODOOODOOO
oobooooooooo

-84-



Eco

ULTAGE [ WU FEFEPEL D EE TEF TR R AR e =8 R

guodooobbooogooood

ooooao

HRERN good
el 00D00D0DOOODODOODO

0oooo0000150000 booooh
0oo0o00001/600000000
e00000D0DO0DDODDmMOIDODDONOODO T Y
ooo

elJ00OOOOOODOO .
7
el000OO3OOOOOODOOODOO
oobooboOodHsSEDODOOO ——

oobOO0oO0obOO0O0OHSEADOO

U 000oodHseEBOOO

oo

oooooo
HSEB OOOO

ooood
HSEOOOOODO

ooooao

goooooooo
HSEADOOOO

oo

oo oooo oo

-85-



NTN TECHNICAL REVIEW No.7000 20020

Eco

g OOOODOOODOODOOOOO

guobobobudooooobbgooooobbouooooobbd

HSLO O 0O N1OHSLO O O

oo goon

ed00DOOOOOOOOOD
0000000000000 00000000 poooop[ooooooood

eI 0IODOODODODLOODO 8 1
@; L[ 7 y
_

ooooooooiasooon
HSLOO OO

cooooooba/se0nonon
oooodHsSLOOOOoono

el 00OO0O0OOOOOOMHSLOOOOOO
e JO00OOOOOOOODO ‘ noooo
oobooooooog

[boooob [oooooooop

ji=cs
|| o

N1OHSLO O 00

T

‘ ooooo

-86-



ooooao

163 0 :Xes o | (1 LT [ A TR TR A I ARRARE (TR BINLSS [T [ [

000000000000 dmn 14000000

oo oo

eJJ000OOOOOOODOOOO
oobooobooasgooog
gooddooboa/ec0ggoononO

elJ000O00ODOOOCOODOOOODOOOODO
gooooo

e[J00OOODOODODO

elJ000O00ODOOOCOODOOOODOOOODO
gbooooooooooooooooon

eJ000O00ODODOOODOODOODOOOOD ‘
oboooooooooooo

eI DOOLOODODOOOODODbOODOO
gooooogoooooogoo

-87-



NTN TECHNICAL REVIEW No.7000 20020

S ERTECE AL L EEFEE FEE EEPE EEEF L A

gobobooooooobbuooobboobbooobboon

goog oo

e J0DOOO
gboooooooos3sooon
gooooo2s50000

oooo

el DUODDOOODO
gboooooooooooooooooooo
obooooooooooooooDn

gooooo

el ][
googoz2s000000

B—BO OO

eI 00D

oooo2000
ERERN

eIJ0OO0OOOOOOOO
eIJI0OO0OO0OOODOOOO
elJ000O0O0O0OOOOOOOOO

-88-



ooooao

OO00O0O00O0oooosMDO O

uobooooobbdbboooo
bodrLepgboobodboobododgnd

gon

e 0O OM0
gbO0LEDl16O8S8OOOO0OO15000 000000000000 O0O00DOO

eNGUOUOUOUOOOOOOODOO4OOO
goboooboooONGOOOOO0O0ooOoooobooobooboobooon

e 100U
gbooooooboobobooooooboooobooooboooboooboooboOoOoDn

eI DOO
ooo03/400000000000000

ggd

oooooo oooooooo

oooooo OO00LED1OOSO 1608021250 00000000000000O000

oomoao o0di,5000/00000LED16080OO

oooooo 00 100v0O50/60HzO

oooooo 0.2MPall

Ooooaoao 440mmx 260mmx 190mm

-89-



NTN TECHNICAL REVIEW No.7000 20020

SR S FEECET T LT P EE R EREE E

oomoooboooooobooooobooooobooLbuboooLboUbLOoUbLobo
ogoooooooooooooooooooooooobooooooon

gooooogd

e 00O O0ODLDOODDOOODO
gbooooooeounn

e DO OODDOOO
gboooosoonoooooOo4s50000

e 0D UUO0ODLDOODDOO

ggd

e[ ID0IOO3m20UIbO7Oo0DOODLO
00 2m=20d

eI ODODOODODODODODODODODO

e DU UODDUOOODLbLOObODLOO
ggoboooood

-90-

oo

eI00ID0I11t/0

o[ [Imml0O1900x U0 1030x
001502

eI 01.2t



NTN TECHNICAL REVIEW No.70

0000 0020020 120200

noood O O O
oooo[] O O MO

Ooogoodang

0O0O000000000010030170 00O00O00O0000O0O0oO0O0s
NTNO OODO Oooooooooo






