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Advanced Powders Processing
— Recent Powder Metallurgy Techniques and It’s Trend —

=B F T Hideshi MIURA
NINAKZREIRTEZHRZT i T 2P

ERHRFHEEAE (MIM) (HMEIRX FTERMERBZEIRT DDICE U ki
R AERINE UTHFENTLS. NI TICHRZRDE L TTIREDELD
IEAMBHICMIMTO LR ZEA L TERD, &b h(IFe-6Ni-0.4CDZNIE (&
5REE H2000MPa TRUB% LWV SHBRFFHFMZERL, BRMZ LBST
MZng. —A, L—YI77r—IVIRMbTIEREEDEMIIREORIREEH
REVWTENS, FEimtrRaERiiiE LT, &, MERPERRADHESTEE)
BRLEUVTHHATNELS ELTVD. KIFTIF, TNS2D05EmMK AT
ZEERMOBHEEBORZME UTRNT 5.

Advanced powder processing techniques such as metal injection molding (MIM) are hoped to be suitable for fabricating
complex shaped components with low cost. So far, we have applied MIM process to produce various types of industrial
materials such as ferrous and Ti alloys, especially heat treated Fe-6Ni-0.4C showed the super high strengthened
properties of 2000MPa tensile strength and 8% elongation which are superior to wrought materials. On the other hand,
direct laser forming (DLF) technique is another advanced powder processing technique. Recently, much effort has been
made to apply this process to automobile, aerospace and medical fields due to the potential of producing complex shaped

Ti alloy structures. In this paper, the above two techniques are introduced as recent powder metallurgy techniques.
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Recent applications of various P/M processings
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Representative of optical microstructures for various
Fe-Ni steel compacts sintered at 1250 °C for 1 hour in vacuum
atmosphere. The arrow shows the bright martensite region.
(a) As-tempered compacts of different Ni particle size,
(b) As-tempered compacts of different Ni content (mass%)
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Representative of Ni element mappings by EPMA
analysis for as-tempered Fe-Ni steel compacts changing
(a) Ni mean particle size, (b) Ni content (mass%)
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Product Introduction and Complex Technology of Resin,
Sintered Metal and Magnet for Growth Markets
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NTN Composite Material Products Division has developed the mechanical parts and bearings, and the unit
module products by a wide range of materials and technology such as resin material, sintered metal, magnetic

material and fluid dynamic pressure technology.

In order to meet the market to be diversified, NTN is working to develop the future markets while creating new
material properties by promoting fusion of each technology and Composite Materials which are applying
tribology, bearing material, high-precision processing technology and magnetic materials.

This paper reports the Developed Products of Composite Products for the further growth markets.
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The Improvement of Strength of Sintered Machine Parts
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Sintered machine parts are used in many industrial fields. Especially, these are widely used for automotive
parts. It is essential for the increasing use to improve mechanical properties of sintered parts. However, the
pores in the sintered body are dominant factor for the strength of sintered parts. Therefore, various kinds of trial
to decrease pores in the sintered body, or to increase sintered density were reported.

This article introduces the method of improvement of density and strength, and the mechanical properties of

high-density sintered machine parts.
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High Performance Magnetic Core for Induction Hardening Devices
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Nihon Kagaku Yakin Co., Ltd. of the NTN group develops various magnetic materials satisfying demand
properties. In this report, it is attached to the heating coil part of the induction hardening device and introduces
about a high-performance magnetic core in a magnetism characteristic and a mechanical characteristic to be

used for control of the quenching depth.
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The Copper Iron-based Material Sintered Oil-impregnated Bearing
Equivalent to Bronze Sintered Material

0.8
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The materials of the sintered oil-impregnated bearing are classified into bronze-based, copper iron-based and
iron-based in general. Bronze based materials are superior in sliding an acoustic feature, the problem is the
copper powder is high cost compared with iron powder, so it was necessary to reduce its quantity. By adopting
special copper powder, we developed new materials having same or surpassing sliding and acoustic features as
in the existing bronze-based materials, even with the small amount of copper inside. This report introduces the
sintered oil-impregnated bearing using developed materials.
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High Load Sliding Bearing Unit Used in Fuser of Copier and Printer

As one of the cost reduction for business machine typified in copiers and printers, rolling bearings is required
replaceable from sliding bearings. Because of using bearing conditions at fuser roller of medium and high-speed
models are very hard, it is difficult to apply the sliding bearing. Therefore, NTN developed “High Load Sliding
Bearing Unit”, that combined the metal inner ring and PPS resin outer ring, has twice load capacity,lower friction

and wear properties in comparison with conventional resin sliding bearings. This article introduces the
characteristic and performance of “High Load Sliding Bearing Unit”.
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Machine Tool Main Spindle Bearings with Air Cooling Spacer

EH 8 LT* YushiONDA
#H SAXK* Kikuo FUKADA

L A BB F**  Yohei YAMAMOTO
= B B A** Masato YOSHINO

TEEREMOBVLANILCER, SRltEZMEIIT DHFcEEiMiE LT, NTNEE#ZEA

DESEHEMZER U [TIE#NEMRESEEN#®E] ZREL.
fiflC X DEMZAEHMRZFHAT S EEBIC, MRMZORMALICHEIT D HdH7ZRER
BRUBITERER A THENT D

ARTR, &%

NTN developed “Machine Tool Main Shaft Bearing with Air Cooling Spacer” with the air cooling technology for
machine tool main spindle bearings, which realizes high-speed and high-rigidity at the same time with higher level
than ever. In this paper, bearing cooling effect through the technology and technical activities for practical use are

introduced below with tests and analysis results.
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New Engineering Plastic Cage of High Speed Angular Contact Ball Bearings for Machine Tools
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To support the high-speed, high-rigidity and high-reliability requirements of machine tools, NTN developed new
resin cage of high speed angular contact ball bearings for machine tools. The new cage has good characteristics in
high-temperature range and optimized pocket design. With the modifications, the cage can be applied higher speed
range than conventional one. In this document, we introduce the design points and test data.

1. FUBHIC 2. BR7 V¥ 15EMZHSEY (T
TIFHOTHEERER, SRNTADYY =Y B1ICRS &EF >V +F a1 SEMBHSES 1 T, 7

JEVIICRRENDLDIC, MTEORAIITIRN W, SVEm(CTEEREIE - MG CBN SRR ERE
KOmE _ ExENICERENES SNTEI. UL WEZEAL, BlCeERK - St - SERteERL
ABHfce®, NTNIFEZONE, NimITHAA e - 5 JEREBERETE LTS . CNUCKD, FEDIEIHAG
RERENEZER T &L EBIC, NEREETZ&ELL TEEZERUENS, SEEGHAREEED, SEiE
Je@R 7V F 1S FMZULTAGEY U —XH THSES BNy Ty IV IDFHICILHFRASN LS.
A JZzEmiELTWVS.

HSE#XZ(F, S&EMICERL, 7./ —/UEiER

RiFes
DOHREGRHEEIBERAL VDY, DIHRED Bl B S bt e ety S
- FAYE DIRU 7 = REfEREESs (FRIRIGE
%ﬁ?@éwﬂ@ﬁDEuT®$ﬁﬁiﬁmjut = =
T )
&, DR NEREURU 7S RERRORSERES \
<BLTWB. S, Lnitmvz/—wﬂrﬁ aR R X
BHRERFREER L CVICERBRDO—IC, B9 \ ‘ i
FUTH LLRU 7 = RSO RISSROERE A // S
(L_. LJTC if\§”$ (]50, 200, 250)
FRETIH, FREFEORELFIEREENT BRI STy ok
2 - FERTE R

B1 SR7VF15FMZ HSE 517
High speed angular contact ball bearings HSE type

EEEREMEE AR TIER- M E BT
EERFEMERATE  EESRIEMERATER
%1 ULTAGE (77— ) I3, Ultimate [248D] +Stage [ 7 — V] 218 € 72&5E T, BEHZTOREE KD ENINOEZ ERBE L 5D TH 3.

-44-



N T AR T V¥ 1 5 FHR OMBIERRE

FHOERRGICEE T, GBFZMIK, 3t
TSIV IR=ILICULIED, N, SNEwEDEARA
(157, 20°, 25") OREHTRETHS.

3. FERERIFSRDIR

3. 1 HERDIRY 7 = REEREESRDFE

MERDINY 7 = PR RFSRZHEFAAICEHZ 77
dmnfB 10058 CERES: U DRFFRM T v MEB
DIRREZRE2ICTRT . BEFEM(ICKDD, REFSENT
v b EERBMADZME N EENICBE, BFTSH.
D Ui B B2 ERS D BITETL, B
DEBTRE LRPRENECENDEEGHDD.

REFRMT v DB 7O EAZREI3ITRT. T
ERMOTHMNA SR CEER T DR, RIFSEOIRT v b
CEHRFADOE TCEREDEMNAEUD. RAICEHD
FRE S EENADEIRDEEfRZRT . FEER70mm,
El#ERERE 15000min 'O Y Z 2 J B 5 E#HDE5
&, BIEDOREEIEIEM/SIEEEERD, BICEED
FHTIFA0M/sZBZDBEEDHD.

Flc, BREHLFEE, BmEMEEIBEBIDOFEZD S
KT DN/ ENRODREZEY, Wim & EENAICIER
TDRDOAICKD, MZTOFENEKXRTSH. ZDJc
8, ZEBATRIEOEMICEND, FHFERMRT Y D
RE)AC DEEERIF R DB U WVEANRRES 15D .

CODfER, EREGBHIRFRRNT v FORERNF
BHICKELED, HBEARBVYRAR, BEEZELPT
<FD.

TIHADEFEAR

RERMm BB

H2 HERORU T MREERT v MEICH[THREELL

Conventional cage pocket after high speed operation

FEDOERE
SENAEHEED MR, ERENAIC
B TEN D FE B=DSIER
WEOEEERX
(REw, HEmDBEE)

WEDFEEX (EGEIAEEDIEX)

REERRT v h&
EEMADRE TR EM

REERNT v h&
EREDfAH TR < Bl

REFERING v NEERERDIFEE

RSN v MERESIEERR (BICHR)

{REFERINT v NOERE, B

M3 EREGRICOITHREFRMNT v MBOBEGETOER
Cage damage process in high speed operation

HSEQ14 (¢ 70X ¢ 110X20)

50 T T
IRIFBOEE(LIC %
%ﬁ 40— KD EREEEHLK
2 30
8 BENYZ VIR
B |uwmsse 4 (970x15000min”)
2 fEFaE
=
10 ’/
m/s
0 0 5000 10000 15000 20000
[EIERREE min™
L | | | 1
0 0.5 1.0 1.5 2.0

dnn & X108
R4 EREMAEERELR

Relationship between bearing rotating speed and
rolling element surface velocity



NTN TECHNICAL REVIEW No.82 (2014)

3.2 SRRRY 7 = MBI DR A

AR CINZL S (S, HiERFSROEERMZE5HD
Je®IClE, RNTERITED, FHICHS AGEBRPEIR
haE<, wERRT v bOBEERFERPAE@NED
(C<UMHZEAT 2RENSD.

ReCHFE UCRESEOMERTZTRY . RERS
=DOMEHE, FEBREOSBMRNUT7I RZHEAL
fo. TERRFEFBROMU TP RICHN, @R, A5 R
BREENEL, SRICHBITHEELBIEPOILEZEHVN
[AIAR

BSIORE(CH T DEN M F DI ZRT .
MERERFFEDORU TP I NE, ASREREREMID
SO0TCHEN SEREMERDETHRDSNBDD, B
FERFEROSRMANUTZINE, ASAGEEENS
<, 120CHEFE TER MAEBLHEPH THD. D
Je&, REERRT Y MOEGEMA EDEEE D EAICK
DTCHAUCEE, BNEIEROENCH SEmEEE
DEMEFERDIBAY, TNICHIBEDEAZINA
BDIENTED.

FFEFRFEMHEOFEIE U T, (EkREA—FIRD
RigSRZRIFL, K& U,

K1 SRBHICHINT DIcDDREFEFM R DOAER T
The necessary characteristic of cage material for
high speed operation

DEYFE L)

s IRKEDME S, HRREDNE WY | RS WEHIhE L,
- BRI\ ) REUTfERANTIEE

—

- SIEREE, HIFEENEN SIS CEZ LEL

- ASAGEBREED RN

- BmHEL

- BENEICEND

BB D EACHT L,
B, B UL

- STHERZ DR LY

mEHIRE

o |o/h| W |

EIR b

{HA&E CDHIF =T
I2<<, BALPTL

HEICRIHBEICT L, B7ET7 74 IVEBT
DORERIER., E8[ET U —XHB TOREBRGERZ R
9.

mRFEE ORE LR OEFEH SNIEVWBDD, T
TAAIER, JU-REBED, REXRRSROMEE
HERDRU TP = RREIIER D, ERFTHERATESDC
R UTE.

x1010

&
o
o

50 100 150 200 250
B E °C
H5 CRECNT DERIHIERDE(L

Relationship between the dynamic modulus of elasticity
to temperature

| EBRE

ZFFER

e E—5f

H6 iR

Test spindle

®2 ARSI
Characteristic of cage material
1B H eI EaA 1 R R AL

HREDELE RUPIR SRIFKUPI R
B Tm (e 260 300
HSAEHRE Tg| °C 58 125
53R3EE MPa 160 175
MK % 2~3 0.2

2 BpRVREMER Y, HBAICERMNEIRIEES A, ZORED SEMERERD TS,

-46-



N T AR T V¥ 1 5 FHR O BIERRE

(stERE ] 3. 3 {REESEMROEL
- 5S-2LA-HSEQ14DB  (i&ftE20°) FFEUCREEORT v MERZBRSICRT . %
SRR 70X 110x20 HHHEE T v 1 J

9/0X® RS {RISERIS, EREMACRISIRMY v NOEMEALEICH

¥ E | e 00N BRAOEEERII. CORR, T771LEBDE

I7AA) | #5h8E 0.03me . 8min &, LB EAERESENRT v bOEMNAIE CRBFaEE
7 dORE/mh BT Il Fe, JU—ZABBOBAR, §

BMEaEOIU—ARFICHESL, SRERIKOE
BERMZESHTVD.

35

o 2l e A 510, FRRREIE, BESHORSA0ENE
4z . NORENE 82 EEF DB EFEE LTHD
B o (BODFED, FE®), AERDKU P REIRERE
5 1 SOMFEMEBICL, Sk & DRAEERE )\ &
1 <TBTET, RAENZBTENTED.

5

0 .:=?—l"

0 10000 20000 30000 TED

Bt i FAECE gy DEARICRA
(IJ 0.I5 ; 1!5 é 2I.5 (Ii

dmn{B@ X10%

B®7 I7AAIUER, E53vIR—)LTOHRRBER

Test result under air-oil lubrication with ceramic ball

[EERsRA]
2LA-HSEO14DB  (ifitf20") o -
SRS p70x @ 110x20 BEHHEESE ;EE%IZ%W B BN
% F %g%?}%%}fs 200N IERRFT2R BIFEIRTT2R
il prAY S = ° s
: : EO {RiBSAT w MR
JU—27B | NTN SE-1 Cage pocket shape
SiESREl | &b
30 ,
~8— BISRISEARL -
A AL 4. BIRIRIFRONEE
I L ]

%15 ; £5= v HR—ILAD DHSESZIC T 7 7 A )L
= BT — 2B, BS5UIC, WEESRELESU—
10 N ~ —_ r —_—=_ —_— =1 —

c 2R TOBREGRREEE TR U B CEHE

5 Uiz,
L COBEEEI0, B1BLU, RI2[CRT. 5
‘ = e HRBRIFERORIBICN L, RELRHOEL,
, | | , LDBRCOBEGEN TR TH D R Ui,
0 0.5 1 1.5

dnn & X108

E8 JU—XEB, #IKTOHERER
Test result under grease lubrication with steel ball

47-



NTN TECHNICAL REVIEW No.82 (2014)

[EERSRF)
cepaspm | DS-2LA-HSEO14DB  (8ff20°)
FLERESE P70x ¢ 110x20 HE@EEE
EMBFE
T E | aaanBTES 300N
I7ZA) | #&HmE 0.03meL . 8min
bE: - ] I7HE 40NL2 /min
NEsE ob
35 .
5 o -0— [HHEm B
A =] A
/o
ijgF 20
F 15
‘C 10
5 ’.’-4
0 !-—*
0 10000 20000 30000
E#mEE min
L | | | | | |
0 05 1 15 2 25 3

dnnf& X108

10 I7FAIEB, €53 v IR—)LCORERIER

Test result under air-oil lubrication with ceramic ball

[EHERSR(H]
5S-2LA-HSEQ14DB (im0 )
LR 970X 110x20 BEHEEE
ENMNEFE
T E | @aansTEs 300N
5U—278 | NTN SE-1
SHER »Hb
30
- HHESR N =
25 H - ek B
A d
]
10
°C
5
./
0
0 5000 10000 15000 20000 25000
EEHEE min
L | | | |
0 0.5 1 15 2

dnnf& X108

11 JU—XE#E, €53y IR—)LTCOHERER
Test result under grease lubrication with ceramic ball

-48-

[EERs%1]
e 2LA-HSEO14DB  (#fff520°)
RS p70x ¢ 110x20 HHEHESE
EMEFE
T B | @aa»mFER 300N
JU—Z88 | NTN SE-1
S ESE] :519)
35 ,
Ninaliis S8
| - (RS = 1\
% 25 1\ :
g 2 1
é 15
°‘c 10
5
0
0 5000 10000 15000 20000
EEmEE min
L | | |
0 0.5 1 15

dmn{E X108

12 JU—XE8. fIKTOHERER
Test result under grease lubrication with steel ball

5. F&H

TIFEmTEAEER? 4+ 1 S TMROFRREEICH
WC, SRmRU7 I MaElEEHERZHRRL, ek
DIRU7 = PREERIGESEICH L, SRMEZSDTC.
CNUCKD, INFETT ./ —I)UEREBHRE R
ZEA L CVCEEO—EBIC, FFEUERU = M
FERFIEsDERZHREIC L. CORBR, 5w
R—)L7ZRA UTCHSE#R DT 777 A JUEBICH T
don1 B0 CEATEDREFERE U CTIEREMNI D.

SkY, TIEEMOELSER(E, SEIME, 558
MELICES, Brddcth, THAm=ZOMaED L
[CERDEATVKFIETHS.

BB

=TS SRR R—EB
BRI ERAE BESEHAREZEAED BESHEAR R SEAED
TRt - MEFERMSD T - MZEFERMS EESERARIATER

HE ES



NTN TECHNICAL REVIEW No.82 (2014)

[#F &i ]

TrEmESRMZEINETE Y AT A

Bearing Technical Calculation System for Machine Tool Spindles
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In recent years, machine tool and spindle manufactures have been developing various products which can meet the
new customer demands. To support the activities, NTN developed the bearing technical calculation system for
machine tool spindles. Machine tool and spindle manufactures can calculate various characteristics like spindle
rigidities and fatigue life of spindle bearings through the system in short time.

Features, mechanism and functions of the system are introduced below.
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!SEindle lgout 1! Ingut sheet of automatic technical calculation for spindle bearings

TSt D gl
1. Bearings arrangement and preload INPUT CHECK ‘
INWM&' | —
Bearing partrumber  |Bearing type| postion | angle | Ovientation | KNI = f&nm nmx&n Inner ring - shalt B
Fined poson proload ; a
B I Pead | ot spnda sembly | SOnQpreload mm) ] ]
ACBB : Foed
[ ACEB : Foed [
CRB
i |
*1, ACBB: Angular contact ball bearing, CRB: Cyindrical roller bearing
]
Cutting force Fx =
e . 7 %
" @ Q
g N\,
+ 8]
————— .
Fig.1 Coordination system Fia2 Contact angle
_and Bearing position and orientation (+1-)
®3 ALEEG (FELA7o N, k)

Example of input sheet (Spindle layout 1, extract)

Error code
1 1 J

1. Preload and Boan‘ng spring coefficient
force, 8 and

(Spindle layout 1) Output sheet of automatic technical calculation for spindle bearings

rotor waight ane not considened.)
P T Temperature Sning coe
speed R OR N Radial
[min-1] [c] [cl
After 20 20
spindle 0 20 20
 dovatrty 2 20 = =
Maximum 0 0
rotating 0 0 0
speed 0 [] - —

2. Spindle rigidity after spindle assembly (Omin-1)
w force, spinda weight and rolor weight are not considered.)

Asial dspilacement a4 orign [ i m]

sl force (k]

[~ Status | Fowing | dsplacement
speed force at origin =
frin-1] L) :
0
After K] ?
spindle 0 049 5
assembly 0.98] ;
254
Axial 3
Shaws | Mowing Axial displacement i
speed force at origin ]
[min-1] kM) [am] []
0
Adter 0.1
spindle 0 0.49
assembly 0.
254

H4 EHEES EFELAT7OM, T

Example of output sheet (Spindle layout 1, extract)
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Example of calculation result (Axial rigidity of spindle layout 1)
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Technical study example of spindle layout 4
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Estimation Method for Friction Torque of Air-oil Lubricated Angular Contact Ball Bearings

bdh
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Angular contact ball bearings for high-speed spindles are lubricated by air-oil lubrication. A main factor of bearing
friction torque is rolling viscous resistance. On the air-oil lubricated bearings, oil starvation leads to decrease in the
rolling viscous resistance. In this article, the expression of deduction factor of rolling viscous resistance under the
driving condition is proposed. It is derived by comparing between rolling viscous resistances estimated from
measured friction torques of angular contact ball bearings under the air-oil lubrication and calculated rolling viscous
resistances under the full lubrication. The friction torque of the bearing is computed with consideration for differential
slip, spin, elastic hysteresis loss, cage guiding friction, and the starved rolling viscous resistance. The starved rolling
viscous resistance is obtained for product of the deduction factor and the rolling viscous resistance by the NTN

original regression formula under the full lubrication.
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The advantage of superfinishing is that, the fine surface of workpiece can be obtained by the transition of machining
states from cutting action to finishing one, while the condition of superfinishing stone surface changes self-sharpening
to wear during one processing cycle. In conventional superfinishing process, to obtain the fine surface, the
superfinishing stone, machining condition and timer control have been determined by empirical laws. In this study, we
have monitored the machining force during machining process, and have judged the roughness of workpiece by

calculating the machining force ratio.
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O/Ry MRS
Lightweight Bearing for Robot

Sebastien BRISSON™
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Robotic arms do have many qualities, but intelligence is not their best point. It is necessary and important to be
programmed move by move. They work in a XYZ coordinates world associated to 8x 8y 8z for rotations. Moreover,
programming and maintenance are matter for specialists. Their size and potential tremendous force imply large
secured areas and heavy procedures when an incident occurs.

Some trends can be found such as Cobotics that have new technologies of motion control and can coexist with
surrounding humans.

Based on its know-how, experience and Market understanding, NTN-SNR prototyped a bearing concept that aims
to accompany the Robotics Megatrends. Making the bearing lighter, less expensive by tuning its stiffness according to
real needs of coming technologies.
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Example of cobot to follow man’s movements
while multiplying its strength
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Payload of industrial robots
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Force sensing
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End of arm Bearing
Down to 0.3kg

Down to 20 Nm/Arcmin

Base of arm Bearing
Up to 11.5kg

Up to 1800 Nm/Arcmin

H7 ~YZEa1lL—5 S BER#MZOERERA
Manipulator and specification example of bearing
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NTN-SNR crossed roller bearing
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Lightweight bearing for robot (non-separate type)
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E10 ORy bREEMR (DEEtY A )
Lightweight bearing for robot (separate type)
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Assemble example of lightweight bearing (separate type)
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Fastening example of lightweight bearing
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5.3 Ml
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R FEMERTIC KDL
Stifness comparison between developed bearing and
current bearing by FEM analysis
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FEM analysis example
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Weight comparison between developed bearing and
current bearing
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Technology trend for robot and requirement of bearing
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Development of Condition Monitoring System

I

BTl B 7™ Keisuke HASHIZUME
MA &

Z FlJ*  Akitoshi TAKEUCHI
H & 5 5%* Yuzuru TANAKA
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TEfe. MECTIF, CMSEERRDBNESU(C, MiHICHIFHCMSOuEEESE
DERICDOVCERET 5.

NTN has developed Condition Monitoring System using bearing diagnosis technology. This article introduces
CMS’s products, and explains necessity of CMS in the market and expansion in the future.
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Structure of CMS for wind turbines
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Wave pattern of acquired data
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Envelope signal processing of acquired data
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Result of FFT analysis
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Handy type failure detection device

AX—KT#>
Bluetooth

RENWEY 7 v T
A/D Zigs

F—SET

E9 J\VT ¢ BIEBERAEE DB
Structure of handy type failure detection device

10 /\UF 4 BOREEEE Y EBEEA
Operation screen and judgment screen

_ FFTRiFER
oo | |SHE=R |

" UAM_AA )

o 100 200 300 400 ’m zﬁDﬁ 700 8O0 900 1,000
B11 FFTHRATRESRE]

Result of FFT analysis



T gty 2 7 Ly (CMS) RS

E12 #—)\F—)UiEXRRA

View of overall value

M —ma TFFTAERE
0,0008 4 = 1 !
=
2

T -
e e e

0.0000

1 2 3 4 5
T—4No

13 ZE3ED L2 Rl
Trend view of RMS value

5. NEDO G TRILF— - ERIXITHES
FHFEEE) 70V 10 bOSHE

NTNIZ, NEDOAR'EET DENDFEESEERLH
FHE (AX— M XVTF U AEMARFAR) [CERR
KZEFDESEL, CMSOSEELEHEZETo>TULD.

ARFRFRHEE, BIFRFAX Y TF U AFEDREREE,
ERICEIRREICKDEAABEERRITDHET, H
WRADFEEDHE B AERZRAEEETFH20%55H 5
23%L LIC5|IELIFHTEZBMNELTLS. NTN
(&, COMRMEREDOHT, SESHORODFEEREIC
Wind Doctor®ZsRiE U C Rata ik Z17L), CMSIC
KD EEHEMD I SEDEELEZR >TWLL.

HEEIR

6. SEDEMH

BAO7ZEZHI—NERE TS MTlF, FieED
A4 S EEDORENEEHRZ INET B 1o D= B 1R H] 1
(SCADA : Supervisory Control and Data
Acquisition) YXTLAZBELTWVND. 5%, <D
SCADANSESNIT—5 &, REERGHZEM
EUCMSZEF I BD T ET, KDELDIBFRIC
HEOLBETO MUY ROPHERTALEE, &
BETHIENTREICHTD EEELTWVD.

CMSITKkH SN HFEMOKEREE, BEDRRFER
RIITHL, REGTACHS. BEICHDIIIVY
A LZVDNCRIMECTESDINEETH D, #E{HHIE
DIERDICHERRFRDIARZERTND ZENZL).

UDU, EEAFPHNEL, RIEEEICKIDEBRH
WHORIBICESDFT CORBIFIRESELE DI, RFE
T AICEITCDREFZV. 5%, RPEMT—
FRITTHL, BEDRELEDEY YV IT—5H
D IAATER T ISR TR S RE R BT DB A B4
BEEOTLDHTHSD.

7. BHDHIC

CMSDMEM 7% (F UHNTNOER I D #dH D
WCTHENT Uiz, CMSOD#EIfTE LTIE, SIEHRET—
YINERBOSHELESHEILZEDDHCLET, &
BE CHDERIMERY —EXAZRMEL, BAOFESBD
HE O TEEEM D TND—BOBRBERG LP AT
FUADEEEFLEICEMUCVWHEFECSHSD.

SEH

1) MAER], RHBE, HHES - BAOREREND]
VT4V 3aVEZYUVIDER, NTN
TECHNICAL REVIEW, No.80 (2012) 15-18.

& & A &4 B 5%
BESERSARESEAED EESERANE AR BESEHEARESEAED
CMSHitraD CMSHfTE CMSHfiaR

-77-



NTN TECHNICAL REVIEW No.82 (2014)

[ EmfET ]
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Introduction of "ULTAGE" series : High Functionality Roller Bearings

HHME #IE"  Shogo TABATA
)?E H # F** Kouhei TODA
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B K {F E*** Yasuhiko SHIMIZU
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AEUTHIEICEREEL, BREZRInT 5.

When it comes to the operational demands put on equipment (such as iron and steel machinery, or wind
power generation) and industrial machinery (such as construction and mining machinery, or gearboxes),
customers are looking to maximize output and efficiency under more severe usage conditions, like higher
vibration and impact loads. In response to these increase demands, NTN developed the ULTAGE® Series of
cylindrical ,tapered and thrust spherical roller bearings, which deliver the highest load capacity and allowable
speed by optimizing the internal design and crowning profile. NTN will release these bearings as the ULTAGE
Series which reduce the internal friction resulting in less energy needed to operate.
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Technical Trend of Aircraft Bearings
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There are many different types of bearing for aircraft applications. NTN supplies bearings to jet engine
manufacturers all over the world. Recently due to new customer requirements for reducing weight ,
environmental impact and higher performance, bearing systems are becoming very complicated that require

higher reliability and quality controls.

In this paper, NTN’s design theory to jet engine main shaft bearings along with the industry trends are

documented.
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The Influence of the Humidity and Quantity of Hydrogen into Steel under the Abrasive Wear
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An early bearing damage is occurred and accompanied by unique white microstructures in the raceway
subsurfaces. The main cause is thought to be the result of hydrogen embrittlement caused by generated
hydrogen from decomposition of lubricant and containing water. It is considered that hydrogen embrittlement is
occurred by penetrated diffusible hydrogen. There is a method to detect diffusible hydrogen in steel. This
method measures the specimen that is worn under abrasive wear by thermal desorption analysis. In this report,
we tested abrasive wear in space that is controlled humidity and investigated that relationship between humidity
and penetrated diffusible hydrogen into steel via abrasive wear.
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An example of TDA profiles
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TDA profiles of specimens before and after abrasive
wear testing
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Relationship between relative humidity and amount of
diffusible hydrogen
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Relationship between absolute humidity and amount of
diffusible hydrogen
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Relationship between amount of containing water and amount
of diffusible hydrogen in cases of water containing oils
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ULHh LD, EEE T 15wt K aIlHaZERLZ
BEDILEMKFRE (0.153wt-ppm) 1&, BEET
KEIDHEZ AW EOIREMKERE (0.176wt-
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Amount of water and amount of diffusible hydrogen
in wear test
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H B A +
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TDA profiles of specimens before and after abrasive wear testing in
cases of fluorine based oil for wear duration of 20, 30, 40 min
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Relationship between relative humidity and amount of
diffusible hydrogen in cases of fluorine based oil
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Relationship between wear duration and amount of
diffusible hydrogen in cases of fluorine based oil
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Hhi il A U B2 FAfH DB REF oI & C D 1 A MR 54 ST
Evaluation of Shear Fatigue Properties of Medium Carbon Steels and
Rolling Bearing Steels up to Giga-cycle Regimes

TeHER7ZEREN T B.
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AN DIcs, BRENEM ORABOEREZRET
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CEFEETHS. Ffe, mMDEMTONERRRRE(SE
BEICHRIMDTHOFAEEEZTDYVEERZXILT DN
D—DEULT, RETEDRUIERTZEFFMEIRD
DRBHAMIGODEFSND V) . ZDfesH, &H
DEZOREERILI < BHFHZIEEIT S LT, B
i 2T & C EIFEETHD.

BAKTEFREE, RUDEFERICLDTEDC
EDTEDD, ERDRU DIEFHEEDE & ERE
(HMEWzsD, BREMEF COFMIFSEE L RTFET
Hofc. 22T T, ERERDTEARIESRIEDILRET
MZzEMNE LT, BERRQUDESHRE (LUF,
USTF:RE&#E: Ultrasonic Torsional Fatigue&#nd
5) ZREUL. MRINTLSRUDIRED>/(—
HIFMEHFITH ofefesh, RUDIREILAR—> &5
BREDODZTNZNORRZEIELL, RAKIOS50MPa
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(1) HxRFHEEEEARDBESSEICOTA
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= & Bl BE* Noriaki MIWA

SRR D A RE S OTRETEZ BN E U CGBERRL UDERFABREZRFE L. &NRT
&, BEREEA Uil & SR AfOBRGmEE COTE AR Z R FEH R CEHE L

We have developed an ultrasonic torsional fatigue tester which enables for the rapid
evaluation of shear fatigue properties of high strength steels. This report presents the
test results of shear fatigue properties of induction hardened medium carbon steels, and
rolling bearing steels, up to giga-cycle regimes as evaluated by the developed tester.
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Specimen shape and hardened region
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@ Base steel (Shear-mode crack in axial direction)
@ Base steel (Shear-mode crack in circum. direction)
O B-added steel (Shear-mode crack in axial direction)
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(Shear-mode crack in circum. direction)
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Shear stress amplitude MPa
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E3 BERQUDEHERME CHE LTc
N—R 3 & BN B AR 414
Shear fatigue properties of Base and B-added steels
evaluated by USTF tester

1010

T, = 796MPa, N,=4.04x10° |§ T, =719MPa, N,=3.00%10° |

(a) Base steel (b) B-added steel

H4 BARIEAEEKREOSEMEIR
SEM images of fracture surface at initial shear fatigue cracking
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USTFEBRSRM(E, 2280 @B CHD. Ao
109G THIBUAITNEITBUIb & L.

EBICRCFEEREDIENAN, RIICHBRFZHZR
9. Driving rollerlC kK DEREBRAZEE L, SULVER
IS TEE U TWND3/441 > FiiEk & DE CERED
BHASES. HABRADELEETDE, FHEBREDIREIN
BRI DI, INZEEILEESE UK.

R1 USTFEERF(CfEA L/2S53CEMBONILDIEZRD

(B2%)
Chemical compositions of S53C and M50NiL used for
USTF specimens (mass %)

C Si | Mn P S Ni Cr | Mo V
S53C 0.54 | 0.17 | 0.86 | 0.011{0.008| 0.02 | 0.14 | - -
M50NIL | 0.12 | 0.20 | 0.25 | 0.005|0.002 | 3.40 | 4.08 | 4.15| 1.18
900
> 800
T Q0-0-0"0-0.5-0-0-0-rrr- OO Ormee_ oo
73
2
°
&
o 600F
2
o
> S0 @ 553C
O M50NiIL
400

0.5 1.0 15
Depth from surface mm

0.0 2.0

®5 USTFaEERA DRIVEEBDS53CEMSONILD
e
Hardness distributions of S53C and M50NIL at minimum
circumference of USTF specimens

&2 RCFHBRCEHI LicOy MIEHEEER A E%],
ARAREOHIHECHEK, &IVE
Number of lots, total number and hardness of RCF specimens

Number | Total number Hardness (HRC)
of lots of specimens Ave. Min.~Max.
SuJ2 9 124 62.4 62.0~62.8
S53C 2 34 61.0 60.5~61.5
M50NiL 3 63 63.8 62.4~64.5

Driving roller \H>

L
|

I | e —

Guide roller

6 RCFEEREDZERE
Schematic of RCF tester
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#F3 RCFBRZM
RCF test conditions

Ball 3/4” (19.05mm) X2 made of SUJ2
Max. contact pressure 5.88 GPa
Loading rate 46240 c/min

Lubricant Turbine oil VG68
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Shear stress amplitude MPa
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E7 BEREUDESHER CaHl U oS Al SiE
DB AR FRE
Shear fatigue properties of three kinds of bearing steels
evaluated by USTF tester

106

F4 RCFHBRGE
RCF test results

Number RCF life Lso (cycles)

of lots Average Minimum~Maximum
SuUJ2 9 1.5X108 8.5X107~2.1 X108
S53C 2 3.5X107 3.3X107~3.7X107
M50NiIL 3 1.0X10° 7.3X108~1.2X10°
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