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Temperature Rise Analysis in
Traction Contact Areas of Toroidal CVTs
—Influence of Half-Cone Angle on Temperature Rise—
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S. Miyata, B. -R. Hohn, K. Michaelis, O. Kreil

The toroidal traction-drive CVT transmits power by the shearing action of lubricant film under heavy loads at the contact
ellipse on the rollers. Furthermore, due to the geometry of the toroidal CVT, spin motion is produced in the contact ellipse.
These contact ellipses are where shear stress of the lubricant generates frictional heat. In this report, temperature rise in
the traction contact areas of toroidal CVTs were analyzed using a traction analysis program after measuring temperature rise
with a twin-disc test machine and comparing experimental results with calculated results. The influences of half-cone angles
on temperature rise were discussed.
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Traction contact point
Fig. 1 Half-toroidal (left) and full-toroidal CVT (right)

NSOV aVEMERICSITHEE ERZHSHIC
TDMNEBENDDEEZSND.

CNETICRT Y a3 VEMEOFEICBBLTS
<OWEHFEEINTE . BHMICIE, Dowson 57
™ Taniguchi 57 1Y, AEVHHEBEESICRIFTE
EEASH(CL, —H Johnson 57 H SV 3
BSHZSENICHET O ITHEETET IV ZEIRSE
LCTW2. EFETIFEMERORERZERBLICND
OV IVEBHETIL Y BRERSIN, MUY IR
HFDDEEFAHTEDLDICHEO>TECVLD. UL
MUK SEREERICEAUTIE, CVT EH#ICBWT
R Y RIULTRE Y DEFRIFEN TV HDD,
ERANSOERE LR ZEZEASCEFHELWVCE
o, AEVEBEZEZEE U NS I 3 viEmEn
DRELRIFEBRNICASHICINTE ST, i
HADEE LRETERBRIRIE CTHoIc.

Z I TEESIE, MOAYIVE CVT THLBNSD
KO, MUINBDEH CTAEVEHZH > TERT

Power roller

Input disc
P Output disc

Traction contact point

HODEMUCVOEMRENSDERE EFZ —M
BEBEZRAVTEHAIL, MHTHS,IC LR .
FRETE, STV avEREADRE EFEHR
BRE, SAUNVIRKCTHESNCHAZER
Ul b3 023V T005 heRWNTcEBRjR
PHBRIET DI LICKD, REVOEEZERE
Ule bSOV 3 VERENDEE EFHEEICKD
FROREEE el EZRY. BICIDTOTS A
ZRAWC, N\=DJOA4YILEETIL bOA FILE
CVT DI oY aVEMEASRICSIDDEE LR %Z
L, FEAMNBE LRICKRITIREZRSHI(C
UCiERZRETD.

2. EMEAICSITDEE ERDORERR
NSO 3 vERBENICSITORE EFOFHRIC
(F—FEEERE (B 2 ) ZAWe. COZMERERK
& EFDT 4 ATDEEREZERCERECTE,
EEDBOERTHECEDREDHDS. ETFDT X

digct
dial gauge . 4 tnnd - cutt
rr-"-.r) Z [Sananoce Mg o (frictienal forcel
o at -,;.-.ru-’_ ll(,}_-;’_-*','-\.,#‘:;._-\.l o
5, lE &
rI y ., sl | -?"=|3
-_1[:' i: = @il injectian 3 -' "-.- ol .'I-'-'-?" naint
-il:l-l ali frame I.-""' "'\-ﬁ [ '..'i]
s 1 SRR |7\ 7 0% A
=i R AT d .
{im cm s T | nit
L - _—— HE——1
pad applier

Fig. 2 Twin-disc test machine
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Table 1 Specifications of disc combinations

Without spin With
spin
Disc combination Al | A2 B
Half cone angle, o (deg) 0 30
Spin ratio, w,,/®, 0 0.58
Lower disc radius, R (mm) R20 | R10 R10
V. D
/>{/ 7
-
[ E yd
(a) Without spin (b) With spin
Fig. 3 Disc combinations
ol g
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Fig. 4 Thin film sensor for temperature
measurements
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Fig. 5 Temperature rise in the traction contact
surface of measurements (solid lines) and
calculations (broken lines)

(P=980MPa; v, =12m/s;
0,,=50°C; 6,=50°C)

NSK Technical Journal No. 684 (2010)



AEVEFHOFEPERNRE LRICRIFTHE
STAILERZE 6 [CRd. AEVEHFROTER
Iy, FERZHUICLET « RIHBE
A2 EBZAWE. E6(a) [CRT KDICAEVEE
ZSACRHEESATVRERIDBDRIOBE LFE
B5LEOTCVD. AEVEFHDERICKDHEET DR
BEEIE BORODEREEDBITHEIUTZ. AEVEE)
S ACRHESAFVREDERRRE LR ARG
RO (%) ZE 6 (b) (ST, BDER0 % [THBL)
TlE, tlE# 1.37Z2mID, BORDEFELEBITT
([CENI Uz, BOERMMEVRE CIFAE YV EEhER
ERICRIFITHEEIAREL, BOERORKEVEECTIE
AEVEFHNERE LRICRETEER/NEVTEN
Dha. BIC, REVESOEENEE LRICKET
FELDD, BIAFBDER 1 % BINIDHNEEL
FICREFTHEDPREVN EHDDD.

g 25

t=

) L

g 20 | ooy A T
e (S S

[ 0 e

g 10 " Lt —e— With spin

g ----- --&--  Without spin

s 9 |

2
Slip ratio, s (%)

(a) Maximum temperature rise in the traction
contact surface of measurements with spin
motion (solid line) and without spin motion
(oroken line)

~

i —@— Experiment
U € === Calculation [

hout spin

1.3

max_witl

h spin

max_wit

Ratio of maximum temperature rise
with spin" to "without spin
A0 /A0
o

Slip ratio, s (%)

(b) Ratio of maximum temperature rise between
‘with spin motion” and “without spin motion”
of measurements (solid line) and calculations
(broken line)

Fig. 6 Influence of spin motion on temperature rise
(P=1260 MPa; v; =5 m/s;
0,; =50°C; 6,,=50°C;
Disc combination A2 and B)
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Table 2 Calculated conditions of the temperature
rise in the traction contact surface of
toroidal CVTs
(/,=-2.236; Calculated conditions for figure 9)

Half Full
toroidal | toroidal

Cavity Diameter, D (mm) 132 110
Disc radius, R, (mm) 40 50
Roller radius, R,, (mm) 32 30
Radius of rotation to contact
point of output disc, 3 (mm) 69.8 76.0
Half cone angle, 6, (deg) 62.5 90
Number of power rollers, 2 3
Max. Hertz pressure, P (MPa) 3.78 3.19
Spin ratio, y,/w, 0.09 091
Traction coefficient, u 0.06
Variator input torque, 77;, (Nm) 350
Input revolution, N,, (rpm) 6000
Oil temperature, 6,, (°C) 120
Bulk temperature, 6,,(°C) 120
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Fig. 9 Calculated temperature rise on the traction
contact surface of the input discs without
the correction factor of 2.0 (/, = -2.236;
Tvin, = 350 Nm; N;, = 6 000 rpm; See table
2)
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Variator reduction ratio, i,

Fig. 10 Calculated maximum temperature rise on
the traction contact surface of toroidal
CVTs ( Ty, = 350 Nm; N;,, = 6 000 rpm;
See table 2)

Table 3 Specifications of toroidal CVTs
(7, =-1.0; Calculated conditions for figures 11 and 12)

Half cone Cavity diameter, Spin ratio,
angle, 6, (deg) D (mm) g,/ W,
50 138.5 -0.15
(53.8) (135.3) (0.00)
60 130.0 0.22
70 119.2 0.52
30 107.1 0.78
90 94.4 1.00

Table 4 Common specifications of toroidal CVTs
(Calculated conditions for figures 11 and 12 )

Disc radius, 7 , (mm) 40
Roller radius, 7 5, (mm) 32
Variator reduction ratio, 7, -1.0
Traction coefficient, u 0.06
Variator input torque, 77;, (Nm) 340
Input revolution, N;, (rpm) 4000
Oil temperature, 8,;(°C) 80
Bulk temperature, 8,,(°C) 80
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Fig.11 Calculated temperature rise on the traction contact surface of toroidal
CVTs without the correction factor of 2.0
(i,=-1.0; Ty, =340 Nm; N,, = 4 000 rpm; See tables 3 and 4 )
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Fig. 12 Calculated traction curve (/,
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Improvements of Half Toroidal CVT

H. Nishii, S. Noji, T. Inoue

oA Kt I T

A Half-toroidal continuous variable transmission (CVT) has been introduced to Japanese automotive market in 1999 and

draw an attention for the improvement of fuel consumption , high torque capacity , and excellent ratio change behavior. For

further improvement of fuel consumption and torque capacity , development of system like power-split is one of a progress.

But it is also important to improve the transmitting efficiency of CVT variator parts such as discs and power rollers as

manufacturer of a variator. This paper describes the experimental and calculation results about the new technologies such

as improved traction surface profile and crank trunnion and angler contact power roller bearing to achieve higher efficiency

and higher torque capacity.

HEEN BB DEEHAGZS T, CVI-HYBRID 2007 Vol. 20074570 ho#5E,.
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Fig. 1 Main losses of CVT variator
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| Main losses of CVT variator

Power roller bearing
loss

Variator efficiency
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Fig. 2 Testing box
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Table 1 Variator basic specifications

FrETFA [mm] 132

TARTHE [mm] 40

NO—O0—Z#F [mm] 30

A [degl] 125
94

g 935

z 93

&

5 925

w92
915 L

0.05 0.055 0.06

Traction coefficient , u [-]

B3 bITUY3VREMENEDRSR

Fig. 3 Relation between traction coefficient and

efficiency
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Table 2 Processing method
No. EINLT R #B{t LI
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2 il B
3 fsinnlinlg 240
4 Bt e Y3y heE—ZT

4 =REMK(No. 1)
Fig. 4 Surface profile of No. 1
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Table 3 Condition of the traction test
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Fig. 5 Surface profile of No. 2
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Fig. 7 Surface profile of No. 4

ABINILD Tin [Nm] 350
AFIEERE Nin [rpm] 2 000
BORLE lcvt [-] 0.7 1015
HR Thin [deg] 85 100 120

R4 MAFBREH
Table 4 Condition of durability test

ALY Tin [Nm] 294
ASIEERE Nin [rpm] 4000
BOREE levt [-] 1.938
SR Thin [deg] 110
NSO a R uld) 0.055
x5 AIEHER
Table 5 Measurement result
No. BANS OV aIURE(/u,) [DESEES
1 1.000 OK
2 1.054 NG
3 1.073 NG
4 1.030 OK
3.4 R

YA OOEHL OIS LZERLT, &AL
SUYVIVRBBIOEREMEZEL U, =
BZR LTS EERICHE 85 T, CVTERL 1.0
EETRGE U Z{Tolc. B TJOJSAICH
WT, E77-HERBE XU shear thinning % (&
BTD (1) B8KU(2) [CEEHT D ST T2 3 VFRHIE
(3) [CECET 2.

NSK Technical Journal No. 684 (2010)

17



(1) EF - ¥ERS
FEN - #EREEE, (1) RZAVTELSTENTE
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(1/A)O.exp(c(l.p).a/0.p}] ............ (1)

CED = 0.0204 (t+273) (dt /MW ) In(2.51 ytMW)
(1/A), =a(CED)+b

C,=c(CED)+d

C,=e(CED)+f
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Fig. 9 Procedure of calculation
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Table 6 Comparison between measurement and
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Fig. 8 Shear thinning property
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u =fm ﬂm+(1_fm)ﬂf ........................... (3)
f, * metal contact ratio

L. metal friction coefficient (= 0.1)

77 : traction coefficient of traction oil

te =ty (Puew +aP,)/ Prw

P... ‘ average pressure

P, : average height of pressure peak
a : constant of proportion
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calculation
e StEfE
No. | MIOVaVEH | AN | NIIY3IVEH ZEREAE %]
1 1.000 oK 1.000 0
2 1.054 NG 1.054 7
3 1.073 NG 1.073 10.6
4 1.030 OK 1.030 0
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Table 8 Investigation condition
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Table 9 Condition of the efficiency test
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Fig. 23 Measurement result
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Development of World’s Thinnest Drawn Cup Needle Roller

Bearings with Seal Ring

—The Need for Improved Fuel Economy and the Application

of Needle Roller Bearings —

T. Ohno, H. Takemura

Sleeve bearings, also called bushings, are used to support rotating shafts, such as those used in an automobile engine and

transmission. There are, for example, about ten bushings in an automatic transmission. Drawn-cup needle roller bearings

with seal rings support rotating shafts in the same way as bushings do, and work to control the flow of lubricant. Rotating

torque (rotational resistance) can be reduced to 50 percent by replacing bushings with drawn-cup needle roller bearings with

seal rings. NSK's development of an extremely thin seal ring with a thickness of only 0.85 mm enables the replacement

of thin-walled bushings (bushings with a 1.5-mm cross section), which was not previously possible. This product helps to

improve the fuel economy of newer automobiles.
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Fig. 1 Cutaway view of the newly developed, thin
cross-section, drawn-cup needle roller
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Fig. 2-A Part of the oil pump Fig. 2-B Part of the planetary gearset

B2 A—bYFvILSURAZ v I UAD BRI
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Fig. 3 Newly developed,thin cross section,drawn-cup needle roller bearing with seal ring
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Fig. 4 Conventioal drawn-cup needle roller bearing with seal ring
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Fig. 5 Conventioal thin cross-section,drawn-cup needle roller bearing without seal ring
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Technological Trends of Bearings for Papermaking Machinery

K. Taketa

This article describes recent technological trends of bearings for papermaking machinery. In addition, the application of

diamond-like-carbon (DLC) coatings on bearing surfaces is introduced as a measure against smearing of bearings used in

papermaking machinery.
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Technological Trends in Linear Guides for Machine Tools

S. Kobayashi

As machine tools continue to evolve, various technological demands are being placed on linear guides for use in machine
tools. Numerous linear guides, which are a type of linear motion rolling bearing with a rail, are utilized in machine tools
functioning as linear motion components. Using the key concepts of high capacity, high rigidity, and high precision, in addition
to improving the working environment, this article introduces various issues that face linear guides and the measures

required to resolve them.
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EDRE : 524 m/min
A~O—2 1400 mm

B —)UitER

No.1:JU—X FEDI) +EB1=y b4 M+iRES—)L
No.2 :JU—X (#HDFH) +i7%ES5 T)L—)b

No.3 :#687 )L (BIXRi#GH) +FES T)L>—)U
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DEOED DIEEICIE, I v INSEEDAN—TEF
TEYDRAZRRICPHS I EIGREETHD. Fic
KEDEELHN—ZEECELVESDDD. <
DD, TOLSBBEORTHERATED I
HA RBKDHENTWE, BETIEUZT7ZHA RIC
BEERECETDRHHRLEZER) Y THEDY—)UHEE
HEINTWD., TOV—)VIFHNEBHSDEYHEA
LKL, DR UV ITREBOBEBEIDRE UIC
LWBEEEO>TWLD

SPREY—)VESEAMU_T7HARZEE 2 (C,

* 2 MAHBROER
Table 2 Durability test results

YT Rt iéff)% T ‘gﬁf <
No.1 JU—Z+ BRIy h 3600 Bl FEEE | BL
No.2 JU—20% GIHBOHHN) 600 78 | 30~40 | mL
No.3 R 3000 Bl 15~20 | &b

BE2 SHEY—IIEERJZFHARVI YU—-X?
Photo 2 V1 series of NSK linear guide
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EH3 SHEY-IICLDEDEBABO%T ©
Photo 3 Highly dust-proof seal testing
against foreign matter
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Fig. 7 Results of highly dust-proof seal
testing against foreign matter
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Thrust Needle Bearings with Retention Tabs

BB NDSVAZ VY3 VOB TlE ZOESMED

128, HAAICHIILTOHNDEHEENE L. TDD5, 1. R URE) BRUHR

—BDATANZ— )Lz, ERIOSH(CTEY MROL—RICEEERLESY J7ZR(1ITHD.
VECEHESN TV BDH D SN, BRITHHMILT Y IFASA RO —AREARONRAES
SNTVEWVEREREHD. SICBHEMEMRITOIENTED.

CDXDFHETHOMIL CZERICHKDLDICT
B, BEERIEAY INERASRA bZ— N2
LIcDT, CCICHENZT .

BE1 BRI TINEASA SZ— R)L#hE=
(WA D)
Photo 1 Newly developed thrust needle bearing
with retention tabs (Tabs on bore
diameter side)

BE 2 BEPLEY INEASA bZ—NL#R

NER5 )
Photo 2 Newly developed thrust needle bearing
1 NSURZYIaVOMILTH with retention tabs (Tabs on outside
Fig. 1 Exploded view of bearing in a transmission assembly diameter side)
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MRS AWV TEOSEEIBALLESY T DK S I HekEY
IR CTIFBARDEENKREL, ey TEND
HETD.

RYTHARERAIT D EICKD, FTDIRY 21—
LIEENEREETED, HARDY JENDOREZEL
FTIENTED

BEH 3 {EREYT
Photo 3 Conventional tab

BERALES D

BE 4 BFERHIEY T (RERAIY D)
Photo 4 Newly developed retention tab
(Tab on bore diameter side)

BiERnIES T

BEDb BEBRIEY T RA5 D)
Photo 5 Newly developed retention tab
(Tab on outside diameter side)

B2 7eREY IRIREIEK

Fig. 2 Close-up drawing of a conventional tab

3 BEEBALES TRARBIE R
Fig. 3 Close-up drawing of the retention tab

V ‘ Shaft

Bearing Race

B4 v bADOHEAR

Fig. 4 Example of bearing mounted on a shaft

U

Housing

Bearing Race

B SO B B NN

B \DI IO A
Fig. 5 Example of bearing mounted in a housing
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BHEEM, TOMBEENIEDANERSEIMINERREE
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Cartridge-Type Ball Bearings for Turbochargers

BEEBERAI—RFvr—I vl COHIE, MENX
EQOFHREUVTEERMENMLTVSD. F—RFv—
Vv DEEEHZE, {ERERTHOCBOEHMZHNS
SRR ARETDET, BMROEHMIBR TR
U, d—MRFv—IvEEELESIBIEN, &t
[CBVNTEHSNTULD

NSK TlFZDmHEZ—XITIHhA DL, EZEI
BEZEI1Zv MEUA— MUY IRELE, A—k
Uy IHY—IRFv—I v 82 ZRFRLCDT, U
[CHBNTD.

BE1 H— Iy IRSI—RFv—IvEiZ20E
Photo 1 Cartridge-type ball bearings for turbochargers
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1. 18 (1BE) 6 KUt

F—INFr—IvOEEZR 1 [IR9. (a) [FA—
N IR, (b) (FEINEHMREMHEESEIHITH
5. LWINbmmxz(d, SEREEmA—EREDHRERRT
S&ZEERAUE, DOVIRPIATOTF F1 5T
ROEATNS.

1(a) H—hUYILI—IRFv—I vilis
Fig. 1 (a) Cartridge-type ball bearing for turbochargers

U N
i )

=
R

21 (b) 837 Fa1SHEEI—RFv—IvigE
Fig. 1 (b) Single-row angular contact ball bearings for
turbochargers
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Fig. 3 Life test results of SHX bearings under
high-temperature condition
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High-Performance Standard NSKHPS Angular Contact Ball Bearings for Industrial Machinery

M7, AVTvY—, FPRYIX, ORY b~
HEL L DEFEEMIZ, SLVEFEEIFDHBEA ADT
EAVYTFVADEGZE, SV AX MDIEH,
BME AIXIF—PRECELVCENEKRE
NCTWd. Do, EFEHEBICERIND#MZ(CIE,
E&m 5RO, SBELEANAKRHOHNTVD.
NSK (&, TNHOZ—XICEHRA L, TEhENTE
BRZFDERMMOIISHEERE "NSKHPS 7~
FaoEHZ (BE 1) ZREELAESRLLIZDT,
LUFICEZBN T D.

1. BZORR

EEEMATSHEERE 'NSKHPS 7>+15%
W= (BE1) ORRZURCRTY.

(1) #HZHFmItTEREKX 90 % [mL

T2 DRBEEREREEET S IRBOMEHZITICKD,
WZEMHNHHIERETHRA 90 % @LUlz.
NICKD, XTFFVADBEENED, S
JIAXAMDIEKEICERMTED. e, B—RTH
8 CIFEZD/NEYENTTBESTRD, B D/NEUAL,
BIXRIF—ICEBTED.

BE1 EEEWLITSMEERE NSKHPS 7 F a5 F#M%=
Photo 1 High-performance standard NSKHPS angular contact
ball bearings for industrial machinery
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(2) FFRLCEH=LLRERA 20 % @E
2 DRESWELERET CREEIT - RS
(KD, WMROFELETHOERBELN 15 %
~ 20 % EEUE. TNITKD, EFEREBOSE
ENATREETED, (ERNRDE LICEBMTES.

(3) % CRREEHSBDMERD N ARE
RBEENTL - BOERAMICLD, #MZOEMHFE P
R IEAEE P6 R, 7 F 1S EHMFOMEGTE (H
1) ZEHE L, B5 TRRBEFAERD ZAIEE (R
1.82) £Ufc. TNITKD, EEEHMODEHLIL
TPAXYTFIREZEBHICTDHEHIC, EHDS
DEREICEBTED.

=i EEEEE (DB)
—>||— ) )

EHEEEE (OF)

1 #HEOHESEH)

Fig. 1 Examples of bearing arrangements

xR1 HZBEOL®

Table 1 Comparison of bearing accuracy

#7313 B (@ 65 X @ 140) B mm

B NSKHPS

- PURPE 0/-0.015 0/-0.012
TERE e 0/-0.018 0/-0.015
ANEw= > 7 )UIRN max 0.020 max 0.005

N> 7 )UIRN max 0.040 max 0.011

[CIERA5E AER 77+ 77 ) Ui N/A max 0.008
N7+ 77 ) UIRN N/A max 0.013

PERAEIRI N/A max 0.008

HHETE PFIT7IVTETRE 0.040 0.012

K2 TFFIUFIVTEX (BB

Table 2 Measured axial clearances

. NSKHP

B2 | WF | 8 | Bx |06 ]| 8 [ 82X [0z
(mm) (um) (um)

12 [ 18 | 17 [ 25 | 8

18 [ 30 [ 20 [ 28 8 | 2| 6 8

30 | 50 | 24 | 32 | 8

50 | 80 | 29 | 41 | 12 | 3 | 9 [ 12




(4) ARICEDE IBEDRERZES AT YT
REEELT BENCOBENEWVWS OV
46 s, MHA - MREAMICENSD L-PPS fhs,
SVERMEOHRGED 3R (B 2) 25427y
JUfe. TNUCKD, BROFESRBKICERIN
BDIERMEL LICKELETED.

mE, C
REE 120 150 190
NSKHPS NSKIRERaFEM
TREERR M. MR,
bt SRt T MEEFEMEICEND
REME SERENSL PEREMRE
F40266 FA0O46 L-PPS

SEOHIRE R TEEREEDRAE N CHEMADIAE

—

L 150 180 220
BE, C

2 REFSEMEDRRCMEMGE

Fig. 2 Features and heat resistance of cage materials

&3 BUBS-BE

2. i

AU—=XTF WE 12 mm~ 80 mm Z>A
V7w TUle (R 3).

3. F&o

PEEERMO T SHAEIRE "NSKHPS 7>+2135%
MR (& AVTFUVABBERICLDS =T
A MEBWNEYE - BT RILF—{b, HEIL TR
DEE, #EHMHEROE LICERTES. Ffe, AR
BICHUTeRERZS A7y TUTHD, L
RAREICEINT S ENTED.

Table 3 Bearing table
EAREERE (N) HBLEEH (min™)
A (mm) Bearing No. NSKHPS 1RAER NS p——
C‘I' COI' C‘I' COI'

12 7201B(EA) 8 150 3750 7 450 3750 30 000 26 000
7301B(EA) 11100 4 950 8 850 4200 26 000 22 000

15 7202B(EA) 9 800 4 800 7 950 4 300 26 000 22 000
7302B(EA) 14 300 6 900 12 500 6 600 22 000 19 000

17 7203B(EA) 11 600 6 100 9950 5500 22 000 19 000
7303B(EA) 16 800 8 300 14 800 8 000 20 000 17 000

20 7204B(EA) 15 600 8 150 13 300 7 650 19 000 16 000
7304B(EA) 19 800 10 500 17 300 9 650 18 000 15 000

25 7205B(EA) 17 600 10 200 14 800 9400 17 000 14 000
7305B(EA) 27 200 14 900 24 400 14 600 15 000 13 000

30 7206B(EA) 23700 14 300 20 500 13 500 14 000 12 000
7306B(EA) 36 500 20 600 31 000 19 300 13 000 11 000

35 7207B(EA) 32 500 19 600 27 100 18 400 12 000 10 000
7307B(EA) 40 500 24 400 36 500 24 200 11 000 9 500

20 7208B(EA) 38 500 24 500 32 000 23 000 11 000 9 000
7308B(EA) 53 000 33 000 45 000 30 500 10 000 8 500

45 7209B(EA) 40 500 27 100 36 000 26 200 10 000 8 500
7309B(EA) 62 500 39 500 58 500 40 000 9 000 7 500

50 7210B(EA) 42 000 29 700 37 500 28 600 9 500 8 000
7310B(EA) 78 000 50 500 68 000 48 000 8 000 6 700

55 7211B(EA) 51 500 37 000 46 500 36 000 8 500 7 100
7311B(EA) 89 000 58 500 79 000 56 500 7 500 6 300

60 7212B(EA) 61 500 45 000 56 000 41 500 7 500 6 300
7312B(EA) 102 000 68 500 90 000 65 500 6 700 5 600

65 7213B(EA) 70 000 53 500 63 500 52 500 7 100 6 000
7313B(EA) 114 000 77 000 102 000 75 500 6 300 5300

70 7214B(EA) 75 500 58 500 69 000 58 000 6 700 5 600
7314B(EA) 124 000 87 500 114 000 86 000 6 000 5000

75 7215B(EA) 78 500 63 500 68 500 58 500 6 300 5 300
80 7216B(EA) 87 500 70 000 80 500 69 500 6 000 5000
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Low-Torque, Highly Rigid, Thin-Section, Angular Contact Ball Bearings Fitted with Outer Seals

B - )\AZ 0%, AFHm BEEEEMRALLZE R
FICBVT, MIHREDE L PETHOHIBEE 1. R (BE) BLUHR
FARZEDERBEL MREODZ-XADEFEOTET ENLD -l —ILRE-FAY VF 1S5
WD, THUTHL, IEPIITARD7 7F1T—% ROBWZE 1 [OR9. REAEEKRSTZTL), M2
PORY SOREEERICHWNTIE, AERDOF7ERE LyFrIdJU—RZ2HAL, S (@A) (CEtkaE
DoTC. SRELFNUERDZAREICTS DD E—% TOVI)I\T MEEERILY—)LZEELTVS.
DEADNILD D THD, W|MRICIE, KO—BDE L
7, BEIEANDOHIGHKDSNTND.

NSK (F#ZABM Iz &RERET L, BMNLITH
WOEBDNSWVWIV)NT S TEBIMEELIRT Y
FaoEWMRZREFELEMEL (BE1).

BEEH1 &ML Sl —IUEE  BRZ VF15EHT
Photo 1 Low-torque, highly rigid, thin-section, angular contact ball bearings
fitted with outer seals

HUBEIDEFZ KRS D B CIV T ML=
REWIU—RZHA

JU—2ADRFHREF

1 EHLD SRl —)UHE  BRY VF 1 S FHZOMIE
Fig. 1  Structure of low-torque, highly rigid, thin-section, angular contact ball
bearing fitted with outer seals
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Fig. 2 Comparison of starting torque
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General-Purpose, Shielded Deep Groove Ball Bearings with High Load Capacity

BRERN CHEASNDHMZICHLT, REMIED
IcHEMBOEREGEZ LIFTcLWEVL e Z—XADE
FoCWLD. LML, BEHOWEBANR—IDIRSNT
WD IcDEZ T A ADIADE LWL —R, E5ICIF
BIRDICHEZ Y A XDKREUE(C KD EEIERZIE
PUELIEVEWVNDIEKDDSD. SE. NSDEK
[CIhADBNIHREZRDNE - S8ET8E -V —)b
MIERBLHMRZEmIE UICDOTLTTHEN T D

1. B (B8 BLUMEE

CONE-saEaaE  v—IU MIEREIHR,
HEONEBEZREL, BEXRSERTEZIERLE
K26 % BLEEE. Fe, =) MROERBI
[EICgDTET, INFTRECTH O IcRaEaEER
BECEIMREZMI S B, KINCZDRRZECT.

2. BR

(1) EEEFRM FCTORESE
BARER—ILZER UGN S EHZREERD
BYPICET, BYA XM (CH UBEREE
&K 26 % mLELE (B 1). INICKD,
KETERX 2 BORSMEZRRELZ (B2).

(2) B —)L FRDEA
BRER—IVICHIE UISER Y — )b M7z FRF
L. S8Ea8zXREULENS5E, {EkmEEY
A ACEHEOBENABEZRE LI (B 3).

EE1 N S8EaE V) MIEREm=Z
Photo 1 General-purpose, shielded deep groove ball bearings with high
load capacity
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Highly Reliable & Long-Life Split Cylindrical Roller Bearing Units for Segmented Drive Rolls

I, RN U TR)LVF—BShED S Z i C/EAR
WROFBEMNMBEZ CW\D. EfsnGexislE, HEEmED
KEFRATTHERZEETDIEHIC, SErELDED
([CD, ZOFO—)VAEZ(E, MEE4EEN KD
5NTVS.

—7A, REAODIU—MEZ—XH'5, BBAE
&, FAIIT7EBORAYES U —XENAEXHEA
<ALLNTETLS.

NSK &, TNHDOZ—XITIHKA DI, 1Ty
bRERERET 2 ZERE L, h DY —)LIEDRAICKD,
ERIZ Y bEDDTBICHAFRELZRL, ©5
WHEBARNICHNTESD "HERSO—/LASER
% - REG_DIOABC M= 1= N ZBEREL
fcDT, ZZITHENTS (BE1).

| oS BrREDS |

SEuvRUVY

L] S D FAIT—=)b

K1 EREOBE

Fig. 1 Cutaway view of a conventional product
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B2 HREOES
Fig. 2 Cutaway view of the newly developed product
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BE1 =E#EE - REH_DIOHEI >#WMZ1=—v b
Photo 1 Highly reliable & long-life split cylindrical roller
bearing units
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Table 1

RBIBEBDILAR

Specifications of split cylindrical roller bearing units

2. K- TE

FHEBREIO—)LASERN - REFom_DEIDHEEC
HHZ Iy FORKRHEZOTELLEZR 1 (TR
El

3. F&o

Bk, #ERESO—)LASERNE - REFmM_DFID
MEC2#= 1=y ME, EiRi#EsRimDHZHFanik
RICKDRABMPHLEEA Y TFVAIRA MIRICE
U, FERBADDIU—-/MEICHHF ST HRER
BAEREUTC, SBESEDMARDPHAFTINTNS.

B mm
O—Lxvo FOES BEATREE KN) T

ERO—)L —— - FESTI

sz o “%ﬁ — wE c e, d | 8 r L H | BEnEE
210 | 210 | 18 | 100RCPH171 | 100PHR211 405 | 950 | 100 | 154 | 18 | 200 | 145 10
220 | 220 | 15 | 110RCPH181 | 110PHR221 450 | 1090 | 110 | 139 | 15 | 220 | 225 9
225 | 225 | 20 | 110RCPH193 | 110PHR233 | 500 | 1200 | 110 | 154 | 20 | 230 | 180 10
230 | 230 | 15 | 110RCPH191 | 110PHR231 480 | 1120 | 110 | 137 | 15 | 230 | 160 8
235 | 235 | 20 | 120RCPH201 | 120PHR231 540 | 1340 | 120 | 157 | 20 | 234 | 165 8
240 | 240 | 15 | 115RCPH201 | 115PHR241 600 | 1400 | 115 | 173 | 15 | 240 | 220 6
250 | 250 | 20 | 135RCPH211 | 135PHR251 515 | 1350 | 135 | 183 | 20 | 250 | 160 10
255 | 255 | 20 | 120RCPH216 | 120PHR256 | 630 | 1580 | 120 | 179 | 20 | 265 | 230 8
260 | 260 | 20 | 140RCPH221 | 140PHR261 565 | 1410 | 140 | 184 | 20 | 260 | 185 105
265 | 265 | 20 | 140RCPH223 | 140PHR263 | 615 | 1570 | 140 | 191 | 20 | 265 | 250 6
270 270 20 140RCPH231 140PHR271 665 1750 140 179 20 270 245 6
280 | 280 | 20 | 145RCPH233 | 145PHR283 | 675 | 1800 | 145 | 196 | 20 | 280 | 250 10
205 | 295 | 20 | 150RCPH251 | 150PHR291 754 | 1870 | 150 | 208 | 20 | 295 | 310 6
300 | 300 | 20 | 155RCPH251 | 155PHRS301 770 | 1970 | 155 | 199 | 20 | 300 | 260 8
310 310 20 140RCPH261 140PHR311 840 1970 140 184 20 310 175 9
320 | 320 | 20 | 160RCPH281 | 160PHR331 | 1070 | 2650 | 160 | 200 | 20 | 330 | 225 7
330 | 330 | 25 | 170RCPH281 | 170PHR331 | 1100 | 2870 | 170 | 235 | 25 | 330 | 280 6
335 | 335 | 20 | 180RCPH291 | 180PHR331 780 | 1800 | 180 | 169 | 20 | 335 | 2175 | 8
340 | 340 | 25 | 180RCPH281 | 180PHR341 980 | 2490 | 180 | 235 | 25 | 340 | 280 6
370 | 370 | 20 | 190RCPH331 | 190PHR391 | 1510 | 3850 | 190 | 233 | 20 | 390 | 280 6
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TW Series of Ball Screws for Twin-Drive Systems

R—=)LRUIE, TIEEMZIRD & U CERISHME 1. iz
% FBAREKE Ry b REEE Bm-E )
BHSRLEDBERERE UTRLEAENTV R—=JUERAR S LT T IR (HMD),

D. TOHRTHEITIEEMON Y —2 T I TlE, B Fa—J®K, 3I¥R

7 50 m~ 60 m XD DEEEBNAIEMUL CETC HhE D¢ 32 mm~@ 63 mm
(2006 FOHAT MR AT RO SHHEER U—Fr 210 mm~ 30 mm
RED). Ffe, BFRED EHITXDROEIMEGB LD RBEFR - JIS C5 R
ZKBHEFOTCLD. Rk_lEER ~3m

CORIICEERM LSS - SHEDED ZRITT FTTavk D JIS C3 R, e —)L1aU
Bfcs, 1 MDOT—TIVITKR—=)LRAU%Z 2 KALHT GCEHRAICTE 5182 SRBELICHAEE. )
BEURY A VEREDEMNMEMLTNS. NSKT
(& COVAVEBICRBEFR—ILRL "TW 2 U—

X" (BE1) 254V F v Ik

BE1 YAYVEFBHAR—I/ILAQAL "TW I U-=X"

Photo 1 TW series of ball screws for twin-drive systems
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Fig. 1 Example of measured variations in lead accuracy
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TW Y U—XI&, 1 BOEDRICR—ILRLE, E—
FEZFNZTN 2 EFERAUTEREIT DY 1 VEREIER
DR—ILRUTHD. EEROMR—)LRAL 1 KTDER
BTN, QUEHNRZ/NE LK TED. ZTORER T—
HICERT DB (AF—v) ADVNELKIED, &
IARBFNEZ Sl ofe. T, M—ILRUDEHE
HINELRETEDIEY, HAOEEEN LIF5N
REXDREDOO LOIREEED. FIERDKAE
M=l 1 AERAKD, #RZNSUTHR—
ILRUZ 2 KESTET, READR—ILF v Nl
M, EEMSEHECE ETED.

(1) BREXDZRER

2 AOR—=)LRUDOYU— BEPFES MUY
DHEEEZEELCVScsH, WHITERALTD
EEODEVICRDEMBEDLELR—)L1AU
DOFRETFZIZ5ND

TW YU —XDU— MEEMEEEAERRZE
112, PEBNVIBEECLDRAZMUEDENZ
M2(c, EEEORINZE3 (CRT.

(2) KBS

M=)l U% 2 ALH|TERT S L, BEFE
M LEH) 3 dB KELFHN, #MEZ/NELLTED
JeDBEED ERFIFEAEEN.

Fie, T RILTTLIY (HMD) =AY
BDIETTHITRBEEICT DI EDTRETH D
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RAMENEHEZE
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o
& ol TWIU—X
’ A EREE
0.021
O 1 1 1 1
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B¥E t, h

B R—)LRU T ERESH

;|ME40 U—K20 ML 51~ 106 N-cm
ZO—2 1000 mm  RSEEEE 3 000 min™
FHEEREL 230 min™

2 AE(ISHAESES
Example of calculated variation in thermal
expansion

Fig. 2
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B3 FT—JIEBEDEVOERERN
Fig. 3 Comparative drawings of travel accuracy
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HMD Series of Ball Screws for High-Speed Machine Tools

IMFDEERFICBITOERREEKRZERELT,
TEEMOESRIEDEATWVS. B 1 I JIMTOF IC
BIFBDNY =TV IDREDRED NSK FHEE
RZRT. —RICEEEDORBESNTVEREEDR
E 60 m/min {EHROEMI(E, FHERRUFRAR LD
DTEATHD, &=HEDH 120 m/min [SELTWL
.

CDXIFERNS, INSDEDEBICALSN
BM—)LRUICHESEDERIENERINTVD.
UHU, 1EBROF 21— JZRVERATOESRE
LTI, Fa—TTIRXBOEAP, & - REPHHED
BEEWSEED D ol

Z ZTNSK ClIERDERA N ZRAD SRIFT U,
KigFSREEFFELZMIL Ul BSS YU —X72H
FU, FEUTREAETELVEFHIZIZ CETE.

5@ BSS Y U—XTHEofcm®EE iz, TE
AR —)LQUITNAL, HMD Y U—X&EULTH
@IE UTEDTUURITHEN T 8.

BEE1 sSRITEEMAR—ILRLU "HMD YU—X"

Photo 1 HMD series of ball screws for high-speed machine tools
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AR BSS Y U—X[EFITY RFTU T 5 EIFSE
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L& BINEE - REHEOIEZRIEL TS, U
MUIY KT IO 5% v bOmimEsCEE L TL
Blcs, BREE 1 5ETdDILZREEREL, F
FEEREA—/\T A XR—=)LFEE LTV
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—7. TEEBAR—ILQURZ Ty hU—RF
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EBHORY U BREEAUNESES. BSSYU—
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ZITH Y bRREICBVTR—ILZBSHCT <
W EFOR—ILERERBZHICICHAE TS EICLD
T, TV bRITEHORY UTBEREBZRIT S &
ZHREEL, FT7tY MU= RFECHINUICE®RES
BYATOR—-ILRU (B2) ZRT\ESE.

2. BR

(1) =&
RUDEFEAQAEBRBEOT <V LT FEZ
—HEEdEERDE Uleameaaii (B 3 )
[CKDFFE d'n B 16 AZRIRUC. A (F#
£ 40 mm, U—F 20 mm DR—=)LRaLTHNn
([F 4 000 min~' OEREET 80 M /min DED
HAEBEE TR D, THICU—RZ 30 mm &g nUE
120 m/min FCEDREEZ LIFDTENTED.
CNUSKD TR OENRILICEM CTED.

(2) KEEE
EREFERIMCK o TR—ILEBREBmRDE R
ZEMUTCVNDDTESELANILT 6 dB ERULTC
(B4). fc&ERFHMD 2U—X7% 4 000 min'
TERE LI EEDREELAIVE, EROR—IL1
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Fig. 2 Internal view of the HMD series showing the ball o BIERZ, min
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Fig. 4 Comparison of noise levels
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IVRFILGS 40 64 80 100 120
45 56 71 88 —
3 HMD YU —XDEERF sl
Fig. 3 Key points of the HMD series for achieving high-speed 50 51 64 80 96
and quiet-running performance 63 40 — — —
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BEREKRUAIED 3 & aEsEld 2 #EU No. 3236 ) ZZRULcfZEL.

TWa. Ffe, &8 d'n ERNT@LELTVSfCHE
&g (n) ZEZABEVEEG, #R (d) ZRELT
BDTENTED. TeERFERE 40 mm DR—IL 3. fiz
fal% 3 000 min' TEALTLZHE, iR Bt
50 mm £ CLIFDHTENTED. TDTEICEKD K1 ICHSETORRKEDEREZRT. #FE 40
CEAMMAIEEFEXLE 2BFTCEHLEL, BBRER mm D5 63 mm, U—RIE 16 mm D5 30 mm
ABRDICEMIDOIENTED. TDKDIC FT 12 BEOR—ILQAUZHEELTWVD.
d-n EALDSEMLICENDCEEHEDMS
NTWELD, BItESRUCXED RERET D
BRICIEFKEEAU Y EED. 4. B

(4) 3V~ IV EIE, A—"Tt Uy, EEINTH

NSK Tld7 v MNTICHI1F D ERERMTDRIFIC HHDE Ufc B TR OB L T WS,

AAULTED, v bONIREFREOKRIBFIER
([CARIILTWLD. HMD Y U—X Tl T D#fT&
RO RILF T Lo 4 &RV BRSO 5 Fi
[CKDT, INTDSA VTPV IEFTEY NU— )
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NSK Linear Guides™ -RB Series of Roller Guides

NSK CTl&. IE#tmzLE UIcUZ7 A4 RD
SHEEOEX (REm - afltt) (CHHET,
2003F(IC" O—5H4 FRAYU—X"ZRAFELI.
RAYU—-XFHAREBSKEDSEFEE - Sl
ZRIEL, MBROBVFHEZZITTVS.
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bR T, EEDEEME JIVNINME &
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(1) HEUBETZERAT 26 WIEH
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KEORIMEE, U7 HA RNOEREEEDRE
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(2) HRESKEOSHIM - 2B E
NP UV IREDER #E B U AR T
[CKD, GERZEMREBORELZRD, Fk,
HEE - CAFOWEEMTIEIF RA YU —X &
HEHRETETHET, Sl - aBEFaEEL D
JekgBElF RA Y U—XE@AEE UL,

(3) MZLwFIHnm L
TLHEICEBITNDDDENCHZEATDC
ET, MLy FrIMRE L BUNSEE =i
DIRY L SHERRBICRETHD.

(4) BHE - REAXVTF 2V ATU—

N7 UV ITRNENDEYDRANZR TSI,
A RY—=IU, AVF—=V—)b, PVI—-T—
IWZBETRELTCVD. SOHICBEFERAZ
HICHEHMTEDLD, V—ILEEH/IN-FD
FT7V3VHRABRLTVS.

Fle. NSKUZ7HA RTEREZERTVD
BIZwv b "NSKKI™" HEEAIBECTHD.

BE1 RBIYU—XDNE

Photo 1 RB series of roller guides
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Table 1 Model numbers and types of ball slides
N7 U2 IR
iz A - SfEEk A - BeEEr TSI
AL TL BL UL EM GM
RB30 O — O — O O
RB35 O — O - O O
RB45 O — O — O O
RB55 O O O O O O
RB65 O — O O O O
xR2 TEE

Table 2 Specifications of RB series of roller guides

(2) BEEFE
- RREERIS, BOBER P 3, BRER P 4,
BER PS5, LikP6D4BEZHELTVD.
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