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Prismless Surface Plasmon Resonance (P-SPR) Sensor
Using Periodic Nanostructure

K. Yokoyama, M. Oshima

A prismless surface plasmon resonance (P-SPR) sensor using periodic nanostructures of an equilateral triangle has
been developed. Each nanostructure has a hole of 129 nm diameter and 243 nm depth aligned on each corner. The
P-SPR sensor consists of a fixed optical fiber above the sensor substrate, unlike a conventional SPR sensor. In order
to provide further portability, a collimator is mounted on the optical fiber so that the collimated light illuminates the
sensor substrate. With the collimatormounted optical fiber, the P-SPR sensor exhibits a stable real-time measurement
signal, even with the optical fiber 30 mm away from the sensor substrate. Thus, it can be possible to hand-carry each
component of equipment separately and assemble them on-site for measurement. The present sensor substrate gives
a spectrum with a sharp single resonance peak wavelength (4 ,.,J) which linearly shifts along with the surrounding
refractive index. The P-SPR sensor also demonstrates the avidin-biotin interaction on the sensor substrate, and shows
good correlation in linearity in both logarithmic scales between avidin concentrations (1 nM, 3.3 nM, 10 nM, 33 nM,

100 nM ) and reaction velocities.

FLUCOMEZ2013: The 12th International Symposium on Fluid Control, Measurement and Visualization
November 18-23, 2013, Nara, Japan ~&#5 Uic©D7Zcgs TR LISEH.
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4IEI8/K (Phosphate-buffered saline, PBS) (&
VORTIVRUYF Iv ) {VARRMNSEBA L.
ECDIEEMEIRIDTASFRCTHD, BLHBREL
ERUT.

3. EVUERDERTGE

BERRE S/ BEZR D UERDIERIFFS /
AV TUY MEMROR)ICy 50U > Iz AU
B /AT b, BT/ EER Rz ZAT]
BMRIR I —(CEE TS Y. YUY EmmbY
VD OmMBEEY A T 7 I AKRABZHENO NTT 77
BINVRT O /OIBARHLTHERUIC. BICRELE
ZIEm S Dlcslc, BIZBEAIC 1 pEREL, =
B C 24 BEEBRUIZ. TD%k, BRISERAZRE
FBDCHICUVARITRE U

1 (CEYUERODERTEZRT. YUIVD
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Silicon substrate

Silicon wafer .

Silicon substrate

COP film

Silicon wafer

B1 CYUEROERITE
Fig. 1 Fabrication method of the sensor substrate
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Fig.2 Measurement system
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VUERICBEIND. T UERDSDREFIE,
KT 7ANZBORHEENELET D. Slide glass ————p»

JO0—TILOERZRE 3 IR, BUVTERZER
HTOEADOZERACRUT S T)LAO0ITF LY
HOTHBICEE, RBZEHUCRIIAF)LO
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ERSNEREE, &8 40 mm, 18 4 mm, 8¢
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HIAREF E TSI I TEESNCE, AEREIC
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SICEEESND.
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BEHFHERETDE, KA TERIND.

M3 JO—tl
I —1 Fig. 3 Flow cell
Ry=—3—""B xR, (2)
L= 1y
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5.1 AFM AIE

BF /AT MRENUR/I WSV TREE
AWT, 1RV OERNUORE T UERZER
Ufc. BV UERZRFEIEMER (Atomic force
microscopy, AFM) TEHfiL7c. B4 (2 AFM Al
EAGRZRT .

R1ICBLVUEROTEZRT. ERECID
D COP ERDENLD 3 BEFZAE UICHERZR 2
(L. BERRIE, tYUEREOFERNGES /&
BH—HRICFER SN TVWS &R U

5.2 SEEOXE

TUUEREDRREZRET DIcHIC, BEDE
ARV DERNOKRAEICHESZFZEV/N
WO EFRZEER U, BRIEE 100 nm, 200 nm,
300 nm, 400 nm T&h2d. hRICEBEADFEHE
N BICEVUERZERE U, B@fLhdh D/,
T UUEREEBUICKIIH T 74 ) \NRDH T EIFK
(AR

BLVUERICHKZRE URNEZEH UCERZ
K5 (IRT. BUUEROKEESTIE 525 nm &fE
[CE—IREZRUE. —7A, NLIEFEROEED
AICE—TRRFBERINGED ofc. ZNH, NS
DE—URREFERE T OAEV/HIEICHETDDDE
EZAHBND.

BRE 200 nm, 300 nm, 400 nm DOEVUEMR
FEKROEESfZRUED, EE 100 nm Ot
PEARIZ 520 nm H'S 800 nm DFEERICHSWNT
BRORSRZR U, COBRKRIE, —BBOASHHE
E 100 nm OV UERZFEBLUCCEZRLTL
. AHEEBBIGHEWVEHIC, BEZ 200 nm
[RE U,

5.3 JUX—5A@HAT 7 1\ ZRALAIE
AREL TVYERNOSD 0 RRFIHZERAIR
([C1FBfced, QUA=IZRB LI T 74 )\ etz
ERISHUCEEICEEETD. KT 74/ \D5DK
(FFITHTHBDCH, REAXBEF T UERES
T7 A )\ EOERICHLTCO/NR MEZFHD. JU
X—=FDRWNGE, KT 7 ) UnEZ@EE UL,

4 TUTERO AFM B (K (BRI UER, 6 ATV UER)
Fig.4 AFM images of the sensor substrates (left: conventional sensor substrate; right: newly developed

sensor substrate)

R1 CGVUEROER NOERE RS
Table 1 Periodicity, hole diameter, and hole depth of

F&2 [B— COPEH/RAD AFM AIERER
Table 2 Dimensions at different sites in the same COP

the sensor substrates substrate
Conventional Developed 1 2 3
Periodicity (nm) 456 613 Periodicity (nm) 458 460 459
Diameter (nm) 207 129 Diameter (nm) 135 137 132
Depth (nm) 200 243 Depth (nm) 199 198 196

NSK Techwical Journal No. 687 (2015)
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Fig.5 Spectra of the gold bulk substrate and
the sensor substrates with different gold
thickness layer
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BIDEEE. 0 ZRAADFHDOAEEETHE, RAT
KNS,

D=2/tan 6 3
I B ICLDE, VTR FERISEEEOEN

CHICEMTD. CNUF 0 RIRGIIEGRED EEREDIE
MEHRITHPTDEZRIKRT D.

4 000
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Z 3000 |
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©
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£ 1000
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B6 TOxrREaE
Fig. 6 Intensity of the zero-order reflected light
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Fig. 7 Effects of the collimator on measurement
behavior.
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Table 3 Refractive indexes of bulk liquid

Bulk liquid Refractive index
Water 1.3330
3 mM PBS 1.3333
6 mM PBS 1.3338
10 mM PBS 1.3346
Ethanol 1.3613
Isopropyl alcohol (IPA) 1.3770
100
= eof
€
= 60
2
540 [
@
©
=l w
0 1 1 1 T Il

400 500 600 700 800 900

Wavelength, nm

K8 MELVUEMRDKEENT(KHNEE—IKREZTR
9)
Fig. 8 Spectrum of the developed sensor substrate
in water (the arrow indicates the peak wave-
length)

5.5 7EYV—-EFFURIL
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—EFFURRETOE. PEIVEEFF U, FE
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<HBENTHD, ZOMETERF Ki=10" EIEFE(C
INENT.

FUSIC, EFFrzEEE Ly DERZ/ER
IBEHIC, BUUEREIC AUT DEDFEEERM
Ufe. AUT [F—ADKRIBICT /B, fADKRMRKIC
FA—IEBEZEITDRILKFRECHD. FA—ILE
FELBVEEEERTD?. TOLIBEHEBERD
HEHS, AUT GV UEREICEDFEZEMT
DERDOICEINTD. AUT DEDFEZEMT D1t
C, BYHUEHRZ 1 mM (mol/m?) AUT T4/ —
JUARIC 20 BERER, T ./—)b, fHKTHZ2U
fe. RIS, EFFUEEVUERICET(ET D6

€ 805
i_ 800 A1 Water F
= B 3mM PBS
& 795 [ C:6mMPBS E
= .
= 790 | D: 10 mM PBS
2 E : Ethanol
iCJ 785 [ F : IPA
)
% 780
3
=5 1%
&

770 1 1 1

0 1000 2 000 3000 4 000

Time, s

9 ELBDENEICHTDHE—TREORFE(L
Fig.9 Measurement behavior of the peak wave-
length at the different refractive indexes
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Fig. 10 Peak wavelength dependence on the
refractive index

([C, Biotin-NHS ZRW\fz. Biotin-NHS (&, 7=/
BEBEESUTTV I MESZEER T DI, EFF
DAHIVRFVIVEZ N-E ROFI ATV VA= R(C
BEELUIcESF FVEFEBHRTHD. AUT B FED
RSN et UEHRZ 1 mM Biotin-NHS 0.3 %
DMSO K&RIC 1 BfE=ER, fikTrallc. E
FFUEBERLUCEYTDERZARZEICED 7
fo. TEIVARZEZXERL, TDEEDE—TER
DOREZEZHERUC. AL EYVBRREED,
1nM, 3.3nM, 10 nM, 33 nM, 100 nM T&H 2.

1S, PEYVAEA (100 nM) XA UIcEE
DE—UEREDODREBZ{LO—HIZRT. FF, /v
0029 RAKRELT 10 mM PBS Z&X& LTz
E—ORENTEICHE T EZERE, 100 nM
TEIVEREERUIE (11 000%). E—JKE
FERERAICEBEI L. CNE PEIVRAEVUE
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Fig. 11 Measurement behavior of the peak wave-
length for 100 nM avidin
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The Technology Trend of Bearings for Industrial

Compressors

K. Kimura

The compressor, as the name implies, presses the gaseous body and creates the high pressure. Compressors are used

for a wide variety of applications such as factory and construction site equipment drive source, heating, ventilation, and air

conditioning. In this article, we will explain bearing technology and compressor bearings, and examine compressor trends

and demands.
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Table 1 Choracteristics of bearings for oil-injection and oil-free compressors
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Development of TOUGHCARRIER for Automotive

Manufacturing Equipment

H. Yamaguchi

NSK has developed the TOUGHCARRIER, that is a new single-axis actuator and offers considerably higher load capacity

by using rollers as rolling elements in the linear guide part for the first time in the world, while maintaining the same cross-

sectional profile as conventional single-axis actuators. The TOUGHCARRIER is suitable for automotive manufacturing

equipment that generally requires high-load capacity and compact-sized components.

In this article, we describe the structure, features, and relationship between load and deformation/service life of the

TOUGHCARRIER.
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In the machine tools to suppress expansion of ball screw shaft by rising temperature, it has been widely adopted forced

cooling using hollow ball screw. However, to the hollow shaft of the ball screw requires a special process, had become a

problem in terms of cost and lead time. To solve these problems we developed a nut cooling ball screw. We will present an

overview of these.
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Ultrahigh-Speed Precision NSKROBUST Angular Contact Ball Bearing for Main

Spindles of Machining Centers
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Highly Reliable Cage-Equipped, Long-Life, Thrust Ball Bearing for Agricultural
Machinery HST
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Fig. 3 Specifications and example of nomenclature for highly reliable cage-
equipped long-life thrust ball bearing
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Cylindrical Roller Bearings for Centrifugal Chiller
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Photo 1 Newly developed cylindrical roller bearing for
centrifugal chiller
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Fig. 2 Structure of centrifugal chiller surrounding the bearings
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Fig. 3 Comparison of torque between angular
contact ball bearings and the newly
developed cylindrical roller bearings
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BNEQARTET Long-Life Ball Bearings for Washing Machines
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Fig. 1 Life-test results of subsurface originated
flaking

2.0

0.0

RIS MFERFNME

K2 KEERFBEEHFmOFERER
Fig. 2 Life-test results of surface originated flaking
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Fig. 3 Life-test results of white structure flaking
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Fig. 4 Life-test results of high temperature flaking
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Table 1 Product lineup

W FENE (mm)

PR SE 2
6205 25 b2 15
6206 30 62 16
6305 25 62 17
6306 30 72 19
6307 35 80 21
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SPACEA Series—Solid Lubricant Coated Bearings for High Temperatures
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Fig. 1 Newly developed bearing structure

58 NSK Technmical Journal No. 687 (2015)

1. 8, 88 BIULER

B 1 (CRRROBEB LU HEERY

EF VLT YA MRORTVURBHT, Hife
[CRE%E LI s B B ARz REIC D—F « >
LTHD, INDFRROBHTHD. TILT T4
NRRT VU ZONRB SUNGE, 4 —2TFA b
FAT YV UABORERB ROV —Ib MH SHERE
na.

FIRRIFR 11T £ 3IC 12 YA XTEBELTL
3

2. ¥R
(1) Mm%
El&, #RART 2 UAMIEEDE ED&EE
MOYE)_E UTE R ORI EB R IR 2 EH
LTS, TNICKD, (ERFERATSNTVDIE
B ELELT, KKHAT 3 &, BZEHT 8
BEDOFHFmZEREUIZ(RH 2).

(2) BE7 D AR
TONBADDDKEZBRDE, KiEM,
LED., UFDLAA VEMFEDORBDBEIC

=1 SERRAEFEEBEEREMZOEETE
Table 1 Boundary dimensions of solid lubricant coated
bearings for high temperatures

SEAES FEIE (mm) _
NS PAxes ]

608 8 22 7
6000 10 26 8
6200 30 9
6001 19 28 8
6201 32 10
6002 15 32 9
6202 35 1
6003 17 35 10
6203 40 12
6004 42 12
6204 20 47 14
6006 30 55 13
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Fig. 2 Life durability test results under high temperature conditions
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Fig. 3 Characteristics of out-gassing from bearings
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Ball Screw with X1 Seals for Machine-Tool Applications
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Fig. 1 Structure of newly developed X1 seal

IV NS (s e

(1) @A - X1 2—)UI&, RD 2 BEDF v hEY
X (E2)NDBERZEEAE LTVD.
- TIE#MA HMS 2L (0w MEI ZFRC)
- TIE#EMA HMD 2L (0w MEXEM)
(2) ¥EFHF#R  JIS C3. Cb
Q) MEEU—F I R1OYU—THBHICRT.

2. BR
(1) BLIBEEM
X1 ¥—=)Ul&, Y—ILERETOWRICKD, SHEH
SOEMRAZRLLET RSO AREL [ LU
Pz SR 9 & L EE B Z1TL), EYDER
RORED—)LD 1 /30 L1385 #ER=ZS2(RE3).

(a) HMS 2!

2 X1 v—bfdER—Las P ?
Fig. 2 Ball screws with X1 seals "?

60 NSK Technical Journal No. 687 (2015)

(b) HMD 2!



NSK

x1 BELET
Table 1 Product lineup
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HTF-SRE Type Ball Screw: High-Speed, High-Load Large Ball Screw
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Fig. 1 Comparison of a conventional tube recirculation type and deflector tangential direction
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140 < > 714
160 < > 625
200 < > 500
FE 1 WNEE (e—) DFEE CTHNE, EDXDEU— RTHNITTIRE.
AFC 2 U— 50 mm AL 2 AR UICBXIG.

=2 (AFREEMZRU—FOEGEBTORSEDRE
Table 2 Maximum feed speed for typical combination of shaft diameter and lead BT min”

1

140 297 357 380 476 595 714 833 -
160 260 312 333 416 520 625 729 833
200 - 250 266 333 416 500 583 666
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NSK Linear Guide—Roller Guide Equipped with V1 Seals
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The Effects of Hydrogen on Microstructural Change
and Surface Originated Flaking in Rolling Contact
Fatigue

FIU =", LA AT, RE BT

H. Uyama, H. Yamada, H. Hidaka, N. Mitamura

The effects of hydrogen on microstructural change and surface originated flaking in rolling contact fatigue were
investigated using JIS-SUJ2 bearing steel specimens charged with hydrogen. Under clean lubrication conditions, subsurface
originated flaking occurred and the rolling contact fatigue life was reduced and the amounts of the microstructural
change called white structure that formed in the specimens increased as the hydrogen content increased. The localized
microstructural changes were found in the hydrogen-charged specimens by electron microscope observations. It is supposed
that the localization of plasticity was enhanced by hydrogen during the process of rolling contact fatigue. Under contaminated
lubrication conditions, which included debris in the lubricating oil, surface originated flaking occurred and the rolling contact
fatigue life of the hydrogen-charged specimens became shorter than the uncharged specimens, although white structure
was not observed around the flaking. Enhancement of fatigue crack formations due to hydrogen was observed in specimens
with artificial dents. It is presumed that hydrogen facilitated the formation of fatigue cracks on the raceway surface.
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Fig. 12 The microstructural changes after testing under
a high temperature (403 K) and a high contact
pressure condition (5.6 GPa)
(a) 4.3 x 10° cycles
(b) 2.3 x 107 cycles
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Fig. 13 The results of the rolling contact fatigue tests
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specimen under the contaminated lubrication
conditions
(20 mass % NH,SCN, 4.2 x 10’ cycles)
(a) By an optical microscope
(b) By a SEM

I DERENE 55 R DA T ERENDRE B2
9. E17 (a) B&XU (b) [CRTKXDIC, EREFIATL
FEROIBESFELTULZ. UL ULIEH'S, B17 (c)
BRU(d) [CRTLDIC, ATERMEHBRFOEH
DENLICHBRBEBIFERESNED of.

B 18 (&, KRFv—IMERTFT v—IMICBNT
e A AR BRSEZ R A RO AT RN 5D
RATHAELERZTUCVD. HEIDRF TRFEER
clF, ABRBICHEREUCALIDROMICH T DERFE
HOFEE U TV ATEROMDEGEZRULIEBHDT
5. mEPEHEBRTELNETL, SEERICBWVTH
EDEEHIGEUERIC, ECOATERZE#RRUTC.
gEH5, 18 DEFTOY MM, 8 ~ 16 DAL
EREZHEELTIONICBDTHS. CDERIE, K
ROANTLERDODEHRDEEZIHRL TS &%
mLTWD.

UDULIEDS, KRF v—IHRDEERINICEKD
KEREOEED, EHETHROERPEENE S0
CHEBERIFLTCVLDHREESEHD. LD ST,
ALEREMEHBRAZAWVT, KRFv—IH#, K
Fv—IM, BROEIM OEmENE S iz T D
fe. Bt el KEFv—I Uk, =ET 2 B
BRFLEBDTHD, aERARDKRIEIRE L TR

16 EEANEB TN CORBREDINBEE
(a) £F v—I#, 6.3 X 10’ cycles
(b) KZRFF w—I%4, 20 mass % NHsSCN, 4.6 X
107 cycles
* BOKHIFERZ, HOWKHIZEREZRY.
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(a) Uncharged specimen, 6.3 x 10’ cycles
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Fig. 17 The artificial dent with cracks after testing

(hydrogen-charged specimen, 1.8 x 10° cycles)

a) The surface by a optical microscope
b) The magnified surface by a SEM
¢) The microstructure by a optical microscope
d) The magnified microstructure by a SEM
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Efficiency Improvement of Half-Toroidal CVT

N. Kobayashi, N. Dohi, H. Nishii, T. Toyoda, S. Noji

There has been a social demand for fuel economy enhancement. One possible solution is efficiency improvement of a

half-toroidal CVT. An advanced efficiency assessment method will be introduced in this paper. The new method was applied

for the CVT design optimization. The loads which are used for the part design are derived considering the deformation effect

in the above. The optimized design has potential to improve up to approximately 1 % of efficiency without compromising

fatigue life in comparison with conventional design.
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Table 1
[tem Conventional | Improved
Input disc movement O O
Power Roller swing motion O O
Deformation of trunnion O O
Deformation of discs - O
Feedback of Fpr - O

START

Input Data STEP O
I
Caluculation of tilting angle
STEP 1
I
Caluculationof Fpr STEP 2
(power roller thrust force)
I
FprO = Fpr STEP 3
I
Caluculation STEP 4

of deformation
I
Caluculation of
contact point STEP 5
with deformation
I
Caluculation of speed ratio
with deformation STEP 6
I
Caluculat.ion of Fpr . STEP 7
with deformation
I

Caluculation of variation STEP 8
about Fpr

g STERP ©

Fpr0 = Fpr -

Caluculation of variation
about speed ratio

STEP 10

Correction for

H STEP 11

tilting angle [

Caluculation of
efficiency

Output Data

STEP 12

STEP 13

End

Fig. 3 Calculation flow of new program
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Fig.5 Calculation flow

Table 2
Cavity diameter 132 mm
Disc radius 40 mm
Half cone angle 62.5 deg
Maximum torque 350 Nm
Table 3
Number of rolling elements 9
Thrust force 16 548 N
Radial force 177 N
Initial contact angle 90 deg
PR rotational speed 3188 rpm
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Table 4
Cavity diameter 124 mm
Disc radius 375 mm
PR radius 28.8 mm
Half cone angle 62.5 deg
Maximum torque 380 Nm
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Fig. 7 Contact pressure and variator efficiency
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Improvement of Efficiency of Half-Toroidal CVT

N. Dohi, H. Nishii, N. Kobayashi, Y. Oishi

In recent years, an environmental problem and energy saving are the subjects all over the world. There is a need

to contribute by the low fuel consumption in the motor vehicle industry. One item to contribute is the improvement of

transmission efficiency, and the use of an optimum operating point of the engine is effective for this purpose. Having high

response potential, Half-toroidal CVT is useful for the purpose. However, in order to obtain further advantages, the efficiency

improvement in the half-toroidal CVT is required. This report describes the new method for the efficiency improvement, and

shows the effect of the simulation results and the experiment data.

RIEFEEAN BBEEMeOHREARZS T, 2014 FEBSERXMRETFIHERIRE No. 66-14 HS¥nE.
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Fig. 1-1 Structure of half-toroidal variator
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Table 5-1 Power Roller specification

Conventional EQTF ball
Groove radius  (mm) 8.044 8.444
Ball diameter (mm) 14.288 14.288

Table 5-2 Power Roller-Brg heat generation

Power Roller-heat generation

(W) Reduc‘gion rate
Conventional | EQTF ball (%)
Low | 258.237 229.580 1.1
Hight |  245.289 219.606 10.5

Table 5-3 Start model specification

Zmd. EQTF R—ILOTEAICKIDNND—O0—S#
ZORKMIG TECVDIENDDD.
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. . . . Power Roller
Cavm(/rg;?]r)'neter D|s((;nr§:j)|us Fr’g(\j/\i/gsr I(?rglrls)r Brg (R/Bal Half cczp? angle Speed ratio
diameter)(%)
Start model 124 375 28.8 56.3 62.5 2-33%~8-364
Table 5-4 Difference between Start model and Model. 1
Start model Model.1

Loading Force

Without deformation

With deformation

Optimization of geometry

Without deformation

With deformation

Driving traction coefficient

Conventional

With ltems

Power Roller - Brg life

Conventional

EQTF ball (200%UP)
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Driving traction Temperature Temperature Limit traction
@ ltems for increasing coefficient change coefficient
driving traction
coeffi%ient p (0) T(0)
@ Optimization
,;/ Model. 1 (1) T(1) AT(1)=T(0)-T(1) Ap(1)
=
/@ U2)=p (1)+A (1) T(2) AT2=T(1)-T(2) Ap(2)
y y v y
g (N)=p (N=1) T(N) AT(N)
+Ap(N=1) =T(N-1)=-T(N)
Fig. 5-1 Image of optimization
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Loop1 Loop2 Loop3 Loop4 Loop5 0——- L
Loop Number Start model model 1 model2  model3  model 4
Model name
Fig. 5-2 The temperature change and traction coef-
ficient increase in each loop Fig. 5-3 Improvement of efficiency
Table 5-5 Model. N specification
o . . Power Roller
Cavm(/niig;neter D|s(?nrranc;l|us Fr>ao(\1|/\i/§sr (Rrglrlﬁ)r Brg (R/Bal Half co(p«)s angle Speed ratio
diameter)(%)
Start model 124 375 28.8 56.3 62.5 233
Optimized 2.333~0.364
model 124 375 2779 63.0 62.5 6.4)
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Table 6-1 Result of simulation

Improvement
Nin (rpm) Tin (Nm) of variator
efficiency (%)
High 1000 100 +0.37
1:1 1000 100 +1.12
Low 1000 100 +0.84
Table 6-2 Experiment condition
Ratio Rev Input torque | Temperature
High 100 Nm
1:1 1000 rpm 200 Nm 75T
Low 300 Nm

100.00
99.00
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Fig. 6-1 Measurement result

Table 6-3 |Improvement of variator efficiency
(simulation data and experiment data)

) ) Improvement of variator
Nin Tin efficiency (%)
rpm)- | (Nm) Simulation Experiment
High | 1000 | 100 +0.37 % +0.49 %
1:17 1000 | 100 +1.12 % +1.60 %
Low | 1000 | 100 +0.84 % +0.80 %
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Deep Groove Ball Bearing with a Retainer Plate, for Transmissions
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Fig. 1 Newly developed deep groove ball bearing with
a retainer plate

K2 BESKIUIEwEZRS =z
Fig. 2 Bearing with step and groove for snap ring
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Hub Unit Bearing with High-Performance Sealing and Nonmagnetic Metallic Cap
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Photo 1 Hub unit bearing with high-performance
sealing and nonmagnetic metallic cap
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Low-Friction Torque Tappet Roller Bearings for Automotive Engines
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Photo 1 Newly developed low-friction torque tappet
roller bearing
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Fig. 1 Cutaway view of an engine structure
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