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Development of the Next-Generation Toroidal
CVvT

0 Geared Neutral and Power-Split System
for 450 NOUm Engines [

by T. Shinojimal T. Toyodal T. Imanishild E. Inoue

The world's first vehicle with a half-toroidal CVTO POWERTOROS Unitd has been manufactured
since November 1999. In recent years, demand for a next-generation half-toroidal CVT that provides
better fuel economy and ease of assembly and mounting has been growing in response to global
environmental issues. The authors developed a new half-toroidal CVT that offers a wider ratio range, a
more compact size, higher torque capacity, and higher efficiency. Major features of this new half-
toroidal CVT include a geared-neutral system and a power-split system. We mounted both systems to
a test vehicle equipped with 4.3L V8 gasoline engine, and demonstrated the effectiveness of our
unique control concept for accelerating the vehicle from a stop, and mode changing between low- and
high-speed driving. Bench test results and an evaluation of the driver's operation and performance feel

of the vehicle are also reported.
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Fig. 1 Next generation half-toroidal CVT
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Fig. 2 Main parts of variator for current half-toroidal CVT
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Table 1 Main specifications

Vehicle RWD luxury sedari] 1 800 kgl
Engine 4 292cc V8 Gasoling] 430 N-m[] 206 kW[
Torque capacity 450 N-m

Maximum input rev. 6 600 min” "

Transmission size Compatible size and interface as 6AT

T/M Reduction ratio
O T/M Speed ratiold

[06.25t0 » t0 0.52
000.16to 0to 1.920

Launch device None[ geared-neutral system

T/M mass (dry) 98 kg

Oil pump type External gear pump

Traction fluid Idemitsu TDF 2210

gobooooooooboocoobooooooogono
gobooooooooboocoobooooooogono
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Planetary gear
Hydraulic loader Ve

Variator assembly ‘ Clutch for high mode

Clutch for low mode

Oil pump Valve assembly for

hydraulic pressure control

03 ODOoOooooooceviooooo
Fig. 3 Basic structure for next generation half-toroidal CVT

Variator at front side

Size reduction

No launch device
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Fig. 4 Coaxial structure and geared neutral system
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Fig. 5 Torque flow in the next generation half-toroidal CVT
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Fig. 6 High mode and low mode schemes
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T/M ratio (Reduction ratio)
Next generation half-troidal CVT (Ratio range:Infinite)

Si‘x—speed AT A761E (Ratio range:5.66)
Current half-troidal CVT in the market
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Fig. 7 Comparison of variator ratio for low and high modes
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Fig. 8 Optimal clamping force by variator ratio and oil temperature
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Photo 1 Modularized variator
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Fig. 9 Circuit diagram for oil pressure control
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Fig. 10 Electronic system diagram
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Start and Stop Feeling for Forward Gear (General)
( Start and Acceleration Feeling , Mode change Control , Stop Feeling )
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~—MODE [Low/High]

2000 || — Selector Position /\—_/_\ LOW MODE

1000
LOW MODE

250
200 — Accel Pedal [%]

150 b N\ Foot Brake [ON/OFF]
100 | Foot Brake Reléase Foot Brake Active | — Vehicle Speed [km/h]
Accel pedal — Engine Torque [NOm]
50 (about 10% )\
0 foas

vy
50 Venide Start} w 4} vetice stop
-100
175
15
1.25
1
0.75 — Variator Speed Ratio
05 — Vehicle Acceleration
0.25 s x 9.8m/s2]
0 v R N~
025 . . . , ; ; : !
2500
2000 — Low Clutch Pressure [kPal
1500 — High Clutch Pressure [kPal
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0
500 . . . . . . . . . .
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Fig. 12 Test data 20 Launchingd stopping and mode changingl
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Geared Neutral Control on Standstill condition
( Shifting from N to D and N to R with braking )
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1500
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Fig. 11 Test data 10 N - D/N - R during standstill conditions[]

Start and Stop Feeling for Forward Gear (Full Accel Pedal)
000 ( Full Acceleration 0 - 100 km/h )

5000 _N’ >

4000
3000k — Input Disc Rev. [min-1]
— Selector Position

— MODE [Low/High]

2000
1000

LOW MODE

250 Foot Brake Rlease — Accel Pedal (%]
ﬁgg / ~Foot Brake Active Foot Brake [ON/OFF]
100 Accel pedal (100%) — — Vehicle Speed [km/h]
50 — Engine Torque [NOm]
0

o0 Vehicle Start1 W f Vehicle stop
-150

-200
2
15
1
05
o [ = Variator Speed Ratio v
0.5 || — Vehicle Acceleration S —
* 9.8[m/s2]
e
2500
2000 f — Low Clutch Pressure [kPal
Ts00f — High Clutch Pressure [kPal
1000
500
0
-500
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Time, s Data Sampling : 0.1 s (10Hz)

013 0DO0O00oOoooooooooog
Fig. 13 Test data 30 Full accelerator launching and strong braking
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Full acceleration through the mode change
( Full acceleration through the mode change under engine torque about 250NIm )
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Fig. 14 Test data 400 Mode changing under full accelerator]
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Table 2 Variator dimension

Cavity diameter D 124 mm
Input disc diameter 148 mm
Output disc diameter 158 mm
Disc radius Ro 37.5 mm
Contact angle 6 62.5°
Number of Power Roller 4
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High-Performance Standard Roller Bearings -

by O. Fujii0l T. Muraill K. Ueda

a
od oo

Spherical roller bearings are used extensively in various equipment and machinery .The high-load

capacity and self-aligning capability of spherical roller bearings, in addition to their easy-to-handle non-

separable design, make them highly favored among users as general-purpose roller bearings.

Consequently, such applications impose rigorous standards of long service life and high reliability on
the bearings they use. Introduced to the market in 2004, NSK's High-Performance Standard (HPS)

series of spherical roller bearings are high-performance products that provide various industries with

long service life and high-speed rotation capability to meet the needs and requirements of equipment

and machinery used in their operations. In this paper, the features of the HPS series of spherical roller

bearings are introduced.
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Photo 1 HPS® spherical roller bearing
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Fig. 1 Relationship between ratio of actual life and calculated

life for various bearings
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Fig. 3 Fatigue pattern of spherical roller bearings
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Fig. 2 Fatigue pattern of ball bearings
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Photo 2 Condition of inner ring raceway of developed product
after testing
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Fig. 5 Result of life evaluation tests
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Photo 3 Newly developed special nitride-treated cage and the
conventional phosphoric acid-manganese treated
cage
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Fig. 6 Cage wear evaluation results
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Fig. 7 Cage durability evaluation results
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Pulley Support Bearings for Belt CVTs

oogoo*

by S. Tanaka

Pulley support bearings of the input and output shafts in a speed change system of a belt CVT

occasionally suffer from premature flaking, which is often accompanied by the generation of white

structures or microscopic cracks. NSK has proven that premature flaking with white structures or

microscopic cracks is caused by hydrogen penetrating into bearing steel. Based on this mechanism,

NSK has developed Beltop bearings for belt CVTs. Until now, UR bearings and Hi-TF bearings have

been used in belt CVTs for longer life. Beltop bearings are now available in a complete lineup of series

that are being promoted as the optimal bearing specification for belt CVT applications.
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Fig. 1 Position of pulleys and belt during low- and high-speed
changes
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Fig. 3 Location of the pulley support bearings
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Table 1 Types of pulley support bearings
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Fig. 5 Premature flaking of a pulley support bearing 00 Case 100
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Fig. 7 Cross-section view of life test machine
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Fig. 6 Premature flaking of a pulley support bearing (Case 2)
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Long Life Materials Countering White

Structure Flaking

by S. Fujitald H. Uchidald S. Tanaka
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Bearings used in belt-type continuous variable transmissions (b-CVT) and engine-driven accessories

may occasionally generate a white microstructure in the bearing material directly beneath the origin of

flaking (referred to as "white structure flaking" by NSK), which can result in premature failure of the

bearings. NSK research has identified the mechanism of so-called white structure flaking as a process

where hydrogen permeates into the bearing steel, causing it to weaken. Based on this flaking

mechanism, NSK developed long life materials to counter white structure flaking: SHX3 material

O surface-hardened steell and SHJ5 materialO through-hardened steell.
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22208EAE4 22208EAKE4 40 80 28 1.1 113 000 99 500 6 700 8 500
21308EAE4 21308EAKE4 40 90 23 1.5 118 000 111 000 6 000 7 500
22308EAE4 22308EAKE4 40 90 33 1.5 170 000 153 000 5300 6 700
22209EAE4 22209EAKE4 45 85 23 1.1 118 000 111 000 6 000 7 500
21309EAE4 21309EAKE4 45 100 25 1.5 149 000 144 000 5000 6 300
22309EAE4 22309EAKE4 45 100 36 1.5 207 000 195 000 4 500 5600
22210EAE4 22210EAKE4 50 90 23 1.1 124 000 119 000 5600 7 100
21310EAE4 21310EAKE4 50 110 27 2 178 000 174 000 4500 5 600
22310EAE4 22310EAKE4 50 110 40 2 246 000 234 000 4 300 5300
22211EAE4 22211EAKE4 1515) 100 25 1.5 149 000 144 000 5300 6 700
21311EAE4 21311EAKE4 55 120 29 2 178 000 174 000 4500 5600
22311EAE4 22311EAKE4 55 | 120 43 2 292 000 292 000 3800 4 800
22212EAE4 22212EAKE4 60 110 28 1.5 178 000 174 000 4 800 6 000
21312EAE4 21312EAKE4 60 130 31 2.1 238 000 244 000 3 800 4 800
22312EAE4 22312EAKE4 60 130 46 2.1 340 000 340 000 3600 4500
22213EAE4 22213EAKE4 65 120 31 1.5 221 000 230 000 4 300 5 300
21313EAE4 21313EAKE4 65 140 68 2.1 264 000 275 000 3 600 4 500
22313EAE4 22313EAKE4 65 140 48 2.1 375 000 380 000 3200 4 000
22214EAE4 22214EAKE4 70 125 31 1.6 225 000 232 000 4 000 5300
21314EAE4 21314EAKE4 70 | 150 35 2.1 310 000 325 000 3200 4000
22314EAE4 22314EAKE4 70 150 51 2.1 425 000 435 000 3 000 3800
22215EAE4 22215EAKE4 79 130 31 1.5 238 000 244 000 4 000 5000
21315EAE4 21315EAKE4 75 160 37 2.1 310 000 325 000 3200 4 000
22315EAE4 22315EAKE4 75 160 515 2.1 485 000 505 000 2 800 3600
22216EAE4 22216EAKE4 80 140 88 2 264 000 275 000 3 600 4 500
21316EAE4 21316EAKE4 80 170 39 2.1 355 000 375 000 3 000 3800
22316EAE4 22316EAKE4 80 170 58 2.1 540 000 565 000 2 600 3400
22217EAE4 22217EAKE4 85 150 36 2 310 000 325 000 3400 4 300
21317EAE4 21317EAKE4 85 180 41 3 360 000 395 000 3 000 4 000
22317EAE4 22317EAKE4 85 180 60 3 600 000 630 000 2 400 3200
22218EAE4 22218EAKE4 90 160 40 2 360 000 395 000 3200 4 000
21318EAE4 21318EAKE4 90 190 43 3 415 000 450 000 2 800 3600
22318EAE4 22318EAKE4 90 190 64 3 665 000 705 000 2 400 3 000
22219EAE4 22219EAKE4 95 170 43 2.1 415 000 450 000 3 000 3800
22319EAE4 22319EAKE4 95 200 67 3 735 000 780 000 2 200 2 800
22220EAE4 22220EAKE4 100 180 46 2.1 455 000 490 000 2 800 3600
22320EAE4 22320EAKE4 100 | 215 73 3 860 000 930 000 2 000 2 600
22222EAE4 22222EAKE4 110 200 58 2.1 605 000 645 000 2 600 3200
22322EAE4 22322EAKE4 110 240 80 3 1 030 000 1120 000 1900 2 400
22224EAE4 22224EAKE4 120 215 58 2.1 685 000 765 000 2 400 3 000
22324EAE4 22324EAKE4 120 260 86 3 1190 000 1320 000 1700 2 200
22226EAE4 22226EAKE4 130 230 64 3 820 000 940 000 2 200 2 600
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ooooooooooooooooom/MbOOOO
gobooooooooboooobooooooogn
ooo{@ooooo)pooooboooooooooo
goboooooooobooooboooooogon
gobooooooooobooooboooooogoo
gboboooocoooooboboobooooooon
ooboooooooooor/MOOOOOOOO00O0
gobooooooooboooobooooooogon
gobooooooooooooboooo

NSKODOOT/MOOOOODOOOOODOOODOODO
gobooooooooobooooboooooooo
gobooooooooobooooboooooooo
gobooooooooobooooboooooooo

’DDDDDDDD ‘

oooo

001 ODO00OOOoO0ooooooo
Photo 1 Anti-creep bearings and standard bearings

0oooo 0oooo
0ooo oood oo
ooooao
0oooo ooooo
nDooo /DEI
P
oooooo
02 FEMOD

Fig. 2 FEM analysis

NSK Techwical Journal No. 679 (2005)

1. 0000

1.1 000000

goboooooooooboooboooooood
obooooooobooooMmoooooooaoo
cooooooooooboooobooooboooo
ooooooooooooooooooad
oooooooooooooon

NSKOOFEMOOOODOOOOOOOOODOOO
cooooooboooobooooboooobooooo
cobooooooboobooomooooooaon
cooooooobooooboooobooooobooooo
OO0o0oo0oo0ooO0Dbbob0o200300000000
cooooooobooooboooobooooobooooo
oooobooooooooobooooogn

12 0000

oooooooobOoooOoboOooOrREMOOOOO
cooobooooboooobooooooooooooo

oooooo

01 OO0000OO0O0ooOoOooooOooo
Fig. 1 Conventional measures to counter outer ring creep and
transmission case wear

gooooooooooooo

0oobooooooooooon

03 Do0ooobooboobooooooooboo
Fig. 3 Roundness of outer ring under loaded conditions



NSK

6 h 6 00o0o00o00oD h

ooo

oooo oooo
2000 m 2004 m
—

T Y, N Y,
04 00D0O0DO0O0OOOOO0OOOOOOO0OOOOOOO0
oo

Fig. 4 Test results of transmission case wear for standard
bearing and anti-creep bearing

coooooooocooboocoobooboooboOooo
coooooooocooboocoobooboooboOooo
coooooooocooboocoobooboooboOooo
coooooooon

2. 0J0000000oboo

21 00000000000

goboooooooooboooboooooood
coooooooooobocoobobocooboooo
coooooooooobocoobooboooboooo

gobooobooooooooooooooooon
goboooooboooooooooo4m

22 00000000

coobooooooooooooooooooon
ooooom/mMOOOOOOOO0OOOOOOOO000
goboooooooooboooobooooooogoo
goboooooooooboooobooooooogoo
gobooooooooooooboooood

23 000000

cobobmooobooobooooooooood
oooooooooooooooom/MObOOOoOoo
gobooooooooooooooooooooon
goooooooogono

3. 0OonDo

cobobobooooooooboooooooooon
gobooooooooooooboooooooon
goboooooooooood
ooooooom/MoOOOOOO0OOOOOOOO000
goboooooooooobooobooooood

4. 0 0O O

cooboooooooooobooooooooon
ooooooom/MoOOOoOOOOOOOOOOO00O0
gooooooooooood

cooboooooooooobooobooooooon
uooboooooood

NSK Techwical Journal No. 679 (2005)

41



NSK

olo
olo

LGl LipGuide(D OO OOOOOOOOOO

Lip-Guided] LGCThrust Needle Roller Bearings

gboobooooooobdoboooboooooonod
gboooooocoooooboboobooooooon
gobooooooooboooobooooooogon
gobooooooooboooobooooooogon
goooooooooooooobooooooooon
gobooooooooboooobooooooogon
goboobooooboobooooooobooooon
gobobobooboooooooobooooooooon
gooooooooooooooooooobor

1. DO0O0O

LGOOO OoOOoOoooooooooooooooo
gooooo

gi1iocooo
oboobOoobOoobOOoooOOoOooOoOooao
obooboobOOoobOoobOOoOooObooOooo
oooooOoOoooooooz2000000000
ooooocoooood

0200000
obooboobOOoobOOoobOOoooOoooo
obooboooOoooOoOoooOobOooobOoooo
ooooooooon

P
|_"

97

A

001 LGOODOD ODOOoODoOoOoon
Photo 1 LG thrust needle roller bearings

42 NSK Techwical Journal No. 679 (2005)

—N
-
—

"ﬁ?’

gos0 0oooooo
oododbDe2mmO0OO000OO@ODONOODO
goobobooooooboboooooobooooon

40 ooooooo
ooooOoOoooooooooooooooo
goboooooooooooooooogoo
goobooooood

2. ODgo0o

oobooooooooobooooboooooood
coooboooobooooboooobooooooooo
coooboooobooooboooobooooooooo
coooboooobooooboooobooooooooo
oo0ooooooooooooooooooLGooO
coooboooobooooboooboooobooooo
coooogoooon

i ocooooooooo
gobooooooooooooboooooa

2000000000 0000COODOOOO0
gboooobooooboooobooboon
ooooooooOoOoOoOoOOOOOLGDOO

| ooooooag
LGooo gooooo
gooooooooo goooo
e :
|
‘ goooooo

<44ooooooo
Qouoooooooooooo

01 OD0000OLGOOO DOO0OO0O0oDOoooooooon
goooo
Fig. 1 Contact point of standard (top) and LG (below) thrust
needle roller bearings



NSK

O0oO0O00Oh

700
Lcood
-DDDDDDDDDD oooo
600 I nooo
500
oooo
400
300 ooo
oo
200
ooo
100 oo
0 1
ood ooo
oooooad

oooooobozsd

0oooooo2s0

02 OoDoOooOoooOooOOo

0000002008 0000018 000min” !

OO0DO0O060N 0000023 000min®’

Fig. 2 Seizure test results

00200000000000000000
Photo 2 \Wear of standard cage pockets

003 LGOODO0D O00O00O00O0o0O0o00o000

Photo 3 LG thrust needle bearings

cooboooooobooomioooooan
cooooooobooocooboooooan
cobodoooooooooo1Mooooon
cobooooobobooooooboooooao
coooooooooboooboooooan
O000OLGOoO0O0 ooooooooooooo
coooooooboobooobooooogan
Og20000000000000DO0O0CCOO
ocoooOoooOooobob200020003MM

3. oo

gobooobooooooooobobooooogog
O0000oo0o00ooo00oooooooocvTd
gobooooooooobooooooooooogn
goooocoooogoo

4. 0 0O O

O0ooooo0oooooooooooLGooo
gobooooooooboocoobooooooogo
gobooooooooboocoobooooooogo
gobooooooooboocoobooooooogo
goooocooo

NSK Techwical Journal No. 679 (2005)

43



NSK

olo
olo

ouboobdobodood

Alternator Ball Bearings
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