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Outlook of Wind Energy Business
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The size of large wind turbines are increasing year by year, and some wind turbines have diameter of 160 m and
more. An installation sites of large wind turbines were mainly onshore in the past, but are changed to mountainous
regions and offshore. The technology corresponds to the installation sites are also developed. On the other hand,
small wind turbines is useful for distributed power system, which is introduced in advanced countries as well as
developing countries of power shortage and weak electric grid. In particular, introduction of small wind turbines is
much increasing by the certification system for promotion of small wind turbine in Japan. From the view which
focuses on the difference between the large wind turbines and the small wind turbines, this paper introduces a
market trend, state of the art and the prospective of wind turbines.
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Load acting on blade of horizontal axis wind turbine by
rotor rotation
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Load acting on blade of vertical axis wind turbine by rotor
rotation
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Torque acting on blade of horizontal axis wind turbine
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rated power: 7 MW, height of blade top: 189 m
Courtesy : Toru Nagao)
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Green Energy Business and Green Power Park

## EHE*  Natsuhiko MORI

IXRILF—DORERIGERIBFEDH RN S, BARILF—(FIFHET
B RERIRT BIehDIRILF—THD.

NTNTIE, 2015F48ICA5— kU =ESTE [NTN100]
DEHT, FCIEEHDEEREAZED CHED, TDUEDHEEK
DIXRIF—FAICELD [BARAIRILF—FF] THD.
NTNOEDHATVD/IEREE, Y1 JOKEZRDEEE, it
VIS, 2016F4A8ICRRR L, BRIXILF—ZEFRAUTCRET D
CETCRRRFIRIVF—EREGROETIVERETS [JU—
IXT—IN—2 ] [CDVTRBRNTS.

From the point of view of energy supplying and environmental protection, the renewable energy is the ultimate

one to realize a sustainable society.

“NTN100", NTN’s medium-term management plan which started in April 2015, has been promoting the
business development of a new area, "Energy Business" using the natural energy of wind and water.

This article introduces the environment surrounding Small Wind Turbines and Micro Hydro Turbines which
NTN is developing, and "Green Power Park" established in April, 2016, proposing the energy recycling society
with low carbon emission using the familiar power generation technology.

1. [FUHIC

18tte A FURITIAF DEEEMLUE, AJEEhA
R, o, AR EDITTERZ TRILF—(CEXR,
ZNEXHDRSHEUVTHAL, thNERDEES
NS ETER.

W, T3 U TFTEROASHEEDER, 3RO
IXIF—DRE/GERBIIZENEIINTNVS.
KBz, KBa#k, KD, BF, I\AFTX, B
EDQIRILF—IF, [BARAIXRILF—] ELbNn, —&
FAEUCOLEBRWEREIICBENTRET, i, RE,
BADFELIXRILF—IRChdaM - ARFEDIE
AR ERTRI 2 IRILF—E L TENTHD.

Flo, BAIXRILF—IE, FERDOHFRECHEK
ER{IEDRREEED ZBALRERZ(F & AEHRE LEL)
BNCIXRILF—THD.

BALRIF—DH CTRARREDOEBEFANHESE
T, HROFERHBRBED2. 7%= EHTHD, BR
TRIVF—DFHEHDA8%7Z HsbTWND (E1).

EATRILF—
KEBEONR

IAAX
28.0%
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Recyclable energy power generation in the world
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OIRIVF—FR (BRIRILF—0DFA)
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Wind power installed capacity in the world
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SWT installed capacity world market

3. 2 XEEOQ/IVEREDESE M
BEHDOER@EICDVTIE, IFEREDER D EA
TWHKETIF, HHEICKDZDDEFDDH,
16.2~17.2M/kWh, EEF27.3H/KkWh&EEST
o &L —b: 132M7EUR). BXI(E, FITE
BUMAEICEDE, 20kWHREDT 1 X TlF55M/kWh
EFDOTHD, IERBICEBVKELCHD (FR1).

K1 HROIFERNIEBEAESFERE D
Small wind feed-in tariff picking worldwide

Country/ Size Limit EUR/KWh | Country/ Size Limit EUR/KWh
Region Region
Chinese Taipei 1-10kW 0.185 Japan <20kW 0.418
Canada 220kW 0.167
Ontario <10kW 0.074 Lithuania <10kW 0.095
Nova Scotia ~ <50kW 0.332 10-350kW 0.092
Cyprus <30kW 0.220 Portugal <3.68kW 0.432
Off-grid 0.190 Slovenia <50kW 0.095
Greece <50kW 0.250 Switzerland <10kW 0.247
>50kW 00%0 | UK <100kW 0.207
Off-grid 0.100 USA
Italy 1-20kW 0.285 Indiana 5-100kW 0.130
20-200kW 0.262 Hawaii <20kW 0.123
0.2-1.0MW 0.146 20-100kW 0.105
Israel <15kW 0.250 Vermont <15kW 0.180
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Japan & worldwide market of small wind turbine
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FRODEK], #HEFBEFEDEREEHZE SV
HREN S LENFIRIEBRDOEERNEH CEE CTH
5. KX \RIVPIVEREIFBEWN CH DN, FHEBH

£ A S S e
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Evacuation tower in Kochi
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Market of micro hydro turbine in Japan
847 | EHMA, B8 kW

ES A ¥ &
20114 | 20124F | 20134 | 2014 4 | 20154F | 2016 4 | 2017 4F | 2020
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Ti5 | BBKW | 5220 | 4,450| 9,050 | 9,140 | 7,740 | 6,850 | 6,800 | 6,600

EEMEERGIEICLD, F(C200~1,000kW, &
R 29M/kKWhDOmiHE 20 14F X THAKRU,
2015 FLIREEFRERFICERE 149 200kW
LUF, ER\E34FR/KWhDOEIEGHNIER & L5111
D.

N\KAFBO@EMISEE 1 BER L, JE)IERCE
m, RBEOBEFELSL). EEAKETIEES,
2H, HADEE. FIIFERFED K. BMKE
BEPBERRFEOEDRADS.

BERZEHKE, BERAHZHRE U TRHER)
N GIMNTTKEE T, BRKEEDH THREEREER
SOkmMICRUERAK - BERAKICALSNTWLS. &
DK TIE, NKAOFEBISEUTCRESBMDE L, D
D, MEBBHRELTHD, NTNIF/IKSFHEEDRELR
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Advantages & disadvantages of micro hydro turbine

IRIVF—ZIENERDMDRE(CHEBERICEND
IRILF—EBEDEL, KELHEHTED
REEBEDABICENEN
KEFEDTHENZETHD
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Micro hydro turbine

X6

NA JOKEDEYEE
Instllation of micro hydro turbine
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HARDEZERAKEE, MIERAOTkMEENHNS.
ZREK BBER), ERK KRR, EBEHHRK
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FEHED20%ICT100kW.km [1kWX 100&H
(10mBICRBE)] ZEFRIDEULTGEHETDE, &
MEEK ¢ 1,040kW, FBARK : 330kW, EEEMLT
K:220kWEED.

RS =KFKENKDDEEE

3 major canals and endowments of micro hydro turbine

ZREK | BREEK | EEEK
i BEER BARE | HER, =ERT
HIER #J 500km 357km 45km
B IRKER 52km 16.3km 11.1km
TIKEE 96km 96km 8.4km
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Small Wind Turbine Generator
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Small wind turbine as one of renewable energies has received remarkable attention and rapidly become popular
due to low-initial-cost and space-saving for construction compared to large wind turbine. NTN is taking on

development of the small wind turbine using our technology.

This paper describes the technology and features regarding NTN’s small wind turbine products.
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Micro Hydro Turbine
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Demand of renewable energy such as hydroelectric power generation is increasing rapidly from rise of global
warming and the interest to the energy mix. The one for which hydroelectric power generation uses the gap of the
water is general. NTN has developed micro hydro turbine for small water flow (NTN micro hydro turbine) which is
used in agricultural canal and industrial canal of existence.This paper introduces the features and the structure of

the products of NTN.
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CFD Contribution to Development of Small Wind Turbine Generator
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Currently, renewable energy products are attracting in the world. NTN is developing small wind turbine products
which are able to easily construct by low-initial-cost. This paper describes a Computational Fluid Dynamics (CFD)
of blade which is one of evaluation methods for small wind turbine.
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Technical Trend of the Precision Bearings for Machine Tools
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NTN has been developing, manufacturing and selling the precision bearings for many years to support the progress
of the machine tools which are called “Mother Machine” and “Mother of Industry”, too. And the bearings have been
also globally supporting the manufacturing of the automobile industry and non-automobile industries like medical,
energy, transportation and aerospace. In this article, technical trend of the precision bearings for machine tools are

introduced below with trend histories and NTN activities.
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ULTAGE Serises Small Size High-Speed Precision Angular Contact Ball Bearings
for Machine Tool Spindles
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For high-speed, long-life and low vibration demand of small size machine tools and small size spindle, NTN
developed small size high-speed angular contact ball bearings for machine tool spindles and added it to the ULTAGE
family. The bearings can hold more grease than current bearings through the new designed seal and modified grease
filling, even if compressed air goes through the bearing. Moreover the bearings perform lower vibration through the
process modification of raceways. In this document, we introduce the design points, test datas and analysis results .
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Machine Tool Main Spindle Bearings with Air Cooling Spacer
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NTN developed “Machine Tool Main Spindle Bearing with Air Cooling Spacer” which can perform high-speed and high-
rigidity at the same time with higher level than ever, through the original air cooling technology. We carried out the
performance tests of the cooling technology in various practical applications of machine tool spindles. In this paper, the
results of the above mentioned tests and fluid analysis regarding the cooling technology are introduced as follows.
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High-performance Sealed Cam Follower
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Cam follower is used for guide rail, index machine and so on. In these mechanisms, cam follower is often mounted
outside exposing position. Therefore cam follower might be exposed to fluid such as cutting oil, and improvement of

seal performance to prevent grease leakage is needed.

This article introduces the feature and the performance of reinforced seal type cam follower.
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Plastic sliding screws
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Plastic parts have high design freedom and high corrosion resistance, can carry out weight saving and
compactification and are low in cost. Therefore, plastic parts substitute metal parts in many industrial fields. Plastic
sliding screws (plastic nut and metallic screw shaft) are one of them, and these are widely used for food machinery
and medical machinery parts. This article introduces features and performance of plastic sliding screws.
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Strategy of Rolling Contact Fatigue Life Testing and Interpretation of Life Data
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BEHE TI* Takumi FUJITA

Mg 5 LT, HmERGFaaRIETEARTSD

Rolling contact fatigue (RCF) life testing is essential to evaluate rolling bearing performance. Generally, the
probability density distribution of RCF lives follow a Weibull distribution, and its wide variation in life data is
common. Thus, the test design and result interpretation without statistics are highly likely to lead to incorrect
conclusions for rolling bearing performance. This report introduces statistical procedures of the test design and
result interpretation in two types of RCF testings which are called "fixed time test" and "accelerated test". In
addition, several calculations applied in the procedures are explained.
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Rolling Contact Fatigue Life of Thrust Ball Bearing under Low Lambda Condition

B H I* Takumi FUJITA
RS/l B &* Naoya HASEGAWA
2 ~f B &&* Naoya KAMURA
{EQ7R B B** Toshihiko SASAKI

E, GEEE, GHFCHERORAEHESDEGEDHBRRHZER
T, BREBERGT (BSLYEM) TORASR SEMROHGENRSFn

AERZITofc. BEHBROBRABRNBOREETDAEDL S, KEKF
KEEATOGEHHFEFEORALEREDEGEZHRI DI ENTH D
fe. Fic, GREEMPOREESOREOREE (S, HBRFJGICKEFL, &
RNCEERFIFMRICREZSADILEEID ofc. INSOFEREF, ES LY (A) RTERASNDIEH D EZDEES)
RH%Em(E, HEFOREHES EREBOBRBRUINIE OBTHERMRICINZ T, HEIFRHEICIKEFT 5715 UHDEBDRERN
BTF—IR—RABHZELT, FHHITNETELZRERLTND.

Rolling contact fatigue (RCF) testings of thrust ball bearing under boundary lubrication condition (low lambda
condition) are conducted while changing test conditions of load, rotational speed and combination of surface
roughnesses for bearing component parts. The RCF test results and measurements of surface roughnesses of
before and after the tests show that the raceway surface with larger roughness promotes the surface initiated
failure of the other component. In addition, they demonstrate that the behavior of change in surface roughness
during rolling contact depends on the test conditions and influences RCF life accordingly. These results suggest
that RCF life of rolling bearing used under low lambda conditions should be estimated considering not only
analytical relationship between repeated stress in subsurface and surface roughness during RCF, but also
experimental database of the running-in behavior depending on RCF conditions.
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Test conditions

Surface roughness . L .

Test um The number Load Contact |Rotaion | Viscosity Oil Fim | Calculated | Correlation
No. Innerand | Rolling of rolling KN stress speeld grade, parameter life factor

outer ring | clement element GPa min’ Temperature A Lion a3

1 0.25 0.22 3 5.88 3.9 1500 | VG32,110°C 0.071 14 0.164
2 0.25 0.22 3 4.26 3.5 1500 | VG32, 110°C 0.073 37 0.164
3 0.25 0.22 3 2.70 3.0 1500 | VG32, 110°C 0.076 145 0.164
4 0.65 0.22 3 5.88 3.9 1500 | VG100,110°C 0.058 14 0.164
5 0.65 0.22 3 4.26 3.5 1500 | VG100, 110°C | 0.059 37 0.164
6 0.65 0.22 3 2.70 3.0 1500 | VG100, 110°C | 0.061 145 0.164
7 0.25 0.22 3 5.88 3.9 500 | VG150, 110°C | 0.069 42 0.164
8 0.25 0.22 3 5.88 39 500 | VG32,70°C 0.072 42 0.164
9 0.25 0.22 6 5.39 3.0 1500 | VG32, 110°C 0.076 73 0.164
10 0.25 0.54 3 5.88 39 1500 | VG150, 110°C | 0.081 14 0.164
11 0.25 0.54 3 2.70 3.0 1500 | VG150, 110°C | 0.086 145 0.164
12 0.25 0.54 3 098 | 2.1 1500 | VG150, 110°C | 0.092 3031 0.164
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3. KERER

3. 1 HFinHBRER

RO« 7)L70v b (Test No.1) 7=, &
2(CTest No.1~120T4 F)L70Ov MK >THE
SNCHEFZTNTIURT. U4 J)L 70w hC
RDFMWPEETIE, XT 472V IDEEIC
L. G. Johnsonik 34 ZAL), D4 J)LAO—TJ(F
T NCEELCEM U, DA TJILAO—TZEE U
FEEBHEED TV AO—"T% 1.1 35.36) (IERECIFR
EfT10/9, REMT/8) EUTHESINDEE
Fm (A O#ZHY0OT 37) ZFESTEE) DL
BRZITDICHTHS. BEEENE—IU T DTest
No.10~12TI&, 1D 1 DDIFLBDM/INTH DT
», E—UVIRETADREN/NEL, E—=UVT
REPHCAHBZEILET DD UL Dfc. DI
&, ‘eDFiDT—FIF, RECTRIMNTEDECE

—UVIHRRUICEEDEDTHD.
99.0
90.0 3
70.0 P il -
50.0 — ’,:
// 3
i T
10.0 |—— -

F (1), %

5.0

Be-ta-binomial 90 % confidence Bounds | |

1.0
0.5

0.1
0.1 1

100

Time, h

Test No.1DFGT—FDTAJ)L7Ow b
Weibull plots of failure time for test No.1

E1

E2(CTest No.1~9&No. 10~ 120K (F
<BEDEREZINT . BEFIEFEACEZONNG TH
£ UMD, Test No.5.BTIF—EBICHHERDIBIENER
S5Nfc. BEFEREIETest No.1~9TT L —F2 7,
Test No.10~12CE—U>JTHofehY, Test
No.10TldE—U VI ETU—F 2V IMmADIEER
EONEoSNfz. &d, Test No.10~120E—J
IDREMBEICFHFHDDD, SGEFORNZEBATEKD
ZLRSNE.

H3(CHEEFw S EFMOHERBNZTRT. KHD
70y bDiELD#BEFTest No.ZzRLTWD.
BHE, BEHDETESDIFa;ZERBUICECHD.

BUFIT, Test No.1~ 120D 8 TE SN G
REFEFREETTEEDHD.

1) Test No.1~OCR#EEFwmEFFEFMDLIE
0.6~2.60DFEHTHD, LWFNDORETHHTES
& ETEHFMOECHREWLDFiaZEFEN o fc.

2) Test No.10~12CIFHEFmMmETEFHDLL

(Lo a3 Lion) 130.004~0.40&FE TH O, #
EHmESHEEFMODVBEITEENNSWVEGT
KDEECHOf.

3) Test No.1~3& Test No.4~BTIEEERAIDOAN
HEBDREMIDEL DD, HEFmEEED
DEFZENZN0.7~0.94£06~1.1TH DO,
WERHEICEESEREFRESNEN DI,

4) Test No.1~3&EN0.4~BTIFZNZFNEHEDE
BZBH5CENTEDN, FalFFEDIE(CHE
tHIT HERARE SN,

5) Test No.1&ENoO. 7 CIIEENREDFEZR S &
WCEDN, GENRENEWVTest No.7DHEEH
tnEEtEHFMDLIETest No. 1L B2.15(FE

®2 EHIEERIGR
Results of RCF testing

Test No. 1 2 3 4 5 6 7 8 9 10 11 12
The number of test specimen 10 10 13 10 14 11 10 11 11 10 8 8
Flaking of Inner
or Outer ring 10 9 8 9 7 7 10 11 9 10 0 0
Peeling of Inner
The number of | or Outer ring v v 2 L 3 ) v v L 0 . 5
failure part g i
Pafis | Faitre of Rolling | o\ | o | o | 4 | 2 | o] o] o] o | oo
element
Suspended 0 0 3 0 0 1 0 0 1 0 0 0
Estimated Lo (h) 1.6 | 54 |225| 25 | 66 135|102 |17.8 [106 | 1.0 | 1.8 | 2.0
Estimated Ls (h) 8.8 [29.8 (1249 14.1 | 363 | 74.7 | 56.4 | 98.1 | 58.7 | 54 | 102 | 11.0
Calculated Ly 14 37 | 146 14 37 | 146 | 42 42 73 14 146 | 3031
a3 X Lion 2.3 6.0 |239 | 23 | 6.0 [239 | 69 | 69 | 119 | 23 | 239 [497.1
Lo/ (as<Lion) 0.69 | 0.89 [0.94 [ 1.10 | 1.09 | 0.56 | 1.47 | 2.57 | 0.89 | 0.43 [0.077|0.004
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REHDOIE.

B) Test No.7&No.8TIRHHBEDFEZR S ZENT
TBHH, HENMELTest No.8DHTEFm EHE
FomDildTest NOo.7&KDBHT.7FBFEXRED D
c.

7) Test No.3&EN0.9TlF, BEEAHDEEZRDC
ENTEDN, arEAENEWNTest No.SDHES
tnEETEHFMODI(ETest No.3&EKEKD o fE.

s 3
e s

(a) Flaking for Test No.1

AR TOR

N BN AR Y e AR
vy i _ & )

My

LA
‘ ;‘b'_:

B2 Test No.1&Test No. 1 20D#HEIR TGS
Typical failure for test No.1 and test No.12

1,000

=
)
2 100
2
=]
g
£ 8
2 2 e
5 10 ‘s 6
9
g >
&
O
_cE ® 1.1 12e@
5 1 °
= 10
=
2
53]
0.1
0.1 1 10 100 1000

Calculated life (asxLion), h

E3 EEHmEERERD SBOSNIHESHOEREN
Correlation diagram between calculated life (a3xLion)
and estimated life from experimental results
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3. 2 HEREIROASN R S HIROREH S

1 A R TOHEmIFEZORMN R HEROFRERE S
CHEEDTDEEZAOSND. UTNCIFEERIZON
A & SR DREE S DFBE/BRZRT .

T3 BERATE DA IR & SHEKDRg & 2RI A
RER (LT, Rdg) OFHME (RICTRUICEBRER
DDORAET—YDYFE) ZRd. T T, RgERdg
(FHEEOREE S DMODIZE & REHE S DD
ERDEEZZTNZNERLTHED, loannides 5D
X 28 DR CREME T DRITERAMDEREE #R I 151%
EULTAHWLONTWDINSA—=FTHD. TNSDAE
TEAGRFEZDOANGRIC DOV T IFERETTCEB LA
(T, SERICOWVWCIFERDABIC, EaDXREME
& - BRAERZAVWTESNIETHS. AEMS
FEENFRELUTCOVRWMUEE Ulc. BH, AIESMF
(FJISDF5E 38 [CEMUTC.

RIN HSFERFICNRDEREE T DRENET D
TUL e (Test No.1~3&Test No.4~6) DF
BRI DERERAIE DRy ERdg 7 3MH L, ZNHEHEEL
fe. TORRZEAICRT. HBREOANEDRg &
RdglFVWIFNDERGTHHBAILD NS EO>TH
D, BREOANRDOREITELCATVNDT EHDH
ofe (AT, EHERPICRgERIGMET T DT EZIKD
FHEMSY) | FIERICHNERDREE DL AU E
> TCWeTest No.1~3&Test No.4~6BT(F, 55k
BOANTHDRg ERdg THENE SN, Test No.4~
BMDRg & Rdg I ERFBIF S F<BEFRLER CTTest
No.1~3&kbKRKENofc. HEREDNO.1~3DRH
8 (DRqg ERdgFZNZN0.07~0.15 um&0.54~
160° T, REEDNO.A~BDWNHDRG & Rdgl
ZTNZN0.26~043um& 1.083~348° CThHo
fe. =7, #ERICEALTE, WIFNORETHRNG
FOBFUHITLKL, HBREBDRIFITNTDERHGT
FEAEERTUED DI, Ffo, HEREBRDRI THRW
N CROSNICL DHLBEEFR IR SHEN oI,

=3h' 5Test No.1~ 12D RERE DRg & Rdg 7 3
HUCHERZESICRYT . B5(@) ~ ([d)FI(ClETest
No.10~ 120N EwDIERZR L TLVEWLA, N
FRNEwRDEEEREAICE—U IR E L TLETE
HThd. HBREBOANIKCTIX, RgERdqlFEIENK
FTVRHFEFEETUPITWVERNS >/, Test
No.1~9MDFHBREDMEK T, RgICDWVTIFEERSE
HICKBDERFIFEAERSNIED DIEH, RdglCDL)
TIFEEREN/NET W Test No.7.8DFEDIF D H
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*3 FERRIEROXREHESDOFHE
Average of surface roughness before and after testing
o Before testing After testing T Before testing After testing
I\?(S)t Parts [~ fg} Rdg | fr{i Ry I\?(S)‘ Parts [~ fgl Rdg | le Ry
1 10 | 0.24 | 7.24 7 0.07 | 0.58 1 10 | 024 | 724 | 10 | 0.17 | 0.63
1 (0] 10 | 0.26 | 7.68 7 0.09 | 0.54 (0] 10 | 0.26 | 7.68 | 10 | 0.13 | 0.88
E 5 022 | 3.78 | 21| 0.22 | 2.16 E 5 022 | 3.78 | 30 | 0.17 | 1.86
1 10 | 0.24 | 7.24 7 0.07 | 0.86 1 10 | 024 | 7.24 | 11 | 0.11 | 0.67
2 (0] 10 | 0.26 | 7.68 7 0.14 | 0.96 O 10 | 026 | 7.68 | 11 | 0.13 | 0.62
E 5 1022 | 378 | 21| 020 | 2.89 E 5 022 | 378 | 32 | 021 | 1.23
I 10 | 0.24 | 7.24 10 | 0.11 1.60 1 10 | 024 | 724 | 11 | 0.14 | 1.28
3 (@) 10 | 0.26 | 7.68 10 | 0.15 | 1.56 O 10 | 0.26 | 7.68 | 11 | 0.18 | 1.44
E 5 022 | 3.78 | 30 | 0.19 | 2.10 E 5 022 | 378 | 66 | 0.23 | 2.94
I 10 | 0.65 | 12.48 | 10 | 0.28 | 1.08 1 10 | 0.24 | 7.24 .
Peeling
4 (6] 10 | 0.64 | 12.63 | 10 | 0.26 | 1.03 | 10 O 10 | 0.26 | 7.68
E 5 022 | 3.78 10 | 0.26 | 3.04 E 6 0.54 | 9.52 | 10 | 0.34 | 3.79
I 10 | 0.65 | 1248 | 14 | 0.41 1.85 1 10 | 0.24 | 7.24 .
Peeling
5 (0] 10 | 0.64 | 1263 | 14 | 034 | 1.82 | 11 O 10 | 0.26 | 7.68
E |5 [022[378] 14]020] 223 E | 6 [054]95]7]036] 530
I 10 | 0.65 | 1248 | 11 | 038 | 2.52 1 10 | 0.24 | 7.24 .
Peeling
6 (0] 10 | 0.64 | 12.63 | 11 | 043 | 3.49 | 12 O 10 | 0.26 | 7.68
E [ 5 ]o2 |3 ] 1n]o022]21 E | 6 |054]952] 7 ]03]585
O S, 1:Niw, E . &Id)ff, N RIEEE
INEDofc. PIERICHIROREEINEL > TLC

1 s rma

09 | |0 Before testing Test No.1~9&Test No.10~12T (&, HER&ED

: O After testing for Pmax=3.9GPa . R _

0.8 [-/® After testing for Pnux=3.5GPa HEKDRg ERdgICEN R H5MN, Test No.10~12D

W After testing for Pmax=3.0GPa . N ,

07 — - Rq ERdg | 3EAERBRIARS & S <BEFRALER T, Test No. T
= ~9&bkEN DI, Test No.1~9DMECTIE, Rg
E N [FHERB TIFEALTILLIEN DI, RdglFTest

03 — No.BTCEZAESDENHDHDD, HERYHED

gf 3.78 151.23~3.04" NMETULTULZ. Test

‘ ‘ ‘ ‘ ‘ No.10~ 120K Cld, Rq(FEBERFHEADO.54 um
Inner Outer Rolling Inner Outer Rolling - =
ring ring element ring ring element N'50.834~0.39 umNMET U, Rdg[EFELERIID
Test No.1~3 Test No.4~6 9.62" 153.79~585" [CETFLIC. &&H, #HIK
(a) Rq DORAEIFVFNDTest No. THERAEHELENTH U
18 H<horz.
O Before testing
16 [ O After testing for Pmax=3.9GPa
W After testing for Pmax=3.5GPa = £z o (SR EE

14 M m After testing for Pmax=3.0GPa - 3. 3 BB CRIBRRORR
- ] Test No.1~12Tl&, [F&AEDEERF DA b
S MEE LIz (FR2) . TIHIDNNRDRg & Rdg HAE

8 — e «
= <, BEHHEENNSH >fTest No.5BTIF, —

. ) ) BORGH THRBENRSNT (R2) .

2 TEADMIR D Rg & Rdg D LB HYINE B o fe Test

0 ‘ ‘ ‘ ‘ ‘ ~ S{=ET8E =5 o=t

Inner Outer Rolling Inner Outer Rolling NO.T~ODIBEIRNS I L —F 2T, Rq ERdgDIRE
ring ring element ring ring element hofcTest No. 10~ 120DEEFREIFE—1 > JT
S Hol (ReHFUER) . Test No.10TIEIL—

E4 Test No. 1~BMDE &R DRg & Rdqg DFIHE
Average of Rgand Rdq before and after testing for test
No. 1to 6
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0.8 1.4
o7k Rg=0.65 pm before testing of No.4 to 6 10 l* Rdg=12.48" before testing of No.4 to 6
- o
0.6 - - L
| Rg=024pm 10 Rg=7.24
g 0.5 before testing of No.1~3 and No.7~9 - 08 ;,/”'before testing of No.1~3 and No.7~9
04 ~=
2 0.6 -
< 03 =
02l 0.4 -
0.1 - 0.2
] 0.0 - [ |_| O |_| m o [
1 2 3 4 5 6 7 8 9
Test No. Test No.
(a) Rq of inner ring (b) Rdq of inner ring
0.8 - 14
o7f Rg= 0.64 pm before testing of No.4 to 6 10 [ Rdg=12.63" before testing of No.4 to 6
06" Rg=0.26um 10 F .
g 05f /" before testing of No.1~3 and No.7~9 o 08 L Rq=7.68
= 04l > ° |« before testing of No.1~3 and No.7~9
S ‘ / E 06
~ 03 ;/

Test No. Test No.
(C) Rq of outer ring (d) Rdq of outer ring
0.8 1.4
0.7 - ., Rg=0.54 um before testing of No.10 to 12 12 | . .
06 L - Rdgq=9.52" before testing of No.10 to 12
61 10
E 05 ° o8l , Rqg=3.78
041 ,Rq= 0.22 Hm < /" before testing of No.1to 9
g 03l before testing of No.1 to 9 ~ 06
0.2 . 0.4 5/
0.1 0.2
0.0
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Test No. Test No.
(e) Rq of rolling element (f) Rdq of rolling element
E®5 Test No.1~12MDRq & Rdg DFIHE
Average of Rq and Rdq after testingfor test No.1 to 12
3. 4 KEMES EHFmOBER ROiESNIc. —75, FHHOMIRDRg & Rdg HEHERY
AHERATCHHNEEDRg & RdgITEWVD D o T Test KEDofcTest No.10~12TlF, FEICLSTFIF
No.1~3&Test No.4~BTIE, HEBEDHRg ERdg(C F—EDHFTHD, FEDNSVRHEFIFESESS

ED&HofcBDD, FmEFFEAERSNEN DI hoeOhLENELL e (R3) .
(R2BKLURI) .

EERRENNE W\ Test No.7.8TlE, HEREODI 4 2 =
ERDRdg BMIDREL D BINE L, FERHETEFH L '
hEELHBEEANG Sz (FeBLURI) . AETIF, FIBEORBERICOVNTERL, KA%

FIEA DI ER D Rg & Rdg DML EY/INE D D fe Test HOFmFAICHITHBERRESEDREIC DL
No.1~9TI&, #HEFmLFEFMOEICHNELD ND.
Z(FE< (B3) | FahETEDIRIELAT SE
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4.1 &EHDERNOETICRIFT Rg Rdg ETE U HDFE

SOOFETIFIFEAEDHRH TRANEwRNIEE L
feht, CNUEHIRD AN EENTE U HIT< W
&, HHEROEREEDREME S HEERDICHNRID B
MERBITKELED, FERMI(CIIERDERBIE D I &
DOHEBEZHREUCCEICKDEEZEZSNS (UUFT
(&, Rg&RdgDREWVEBAIAEFHEEDRE S DET
EEHOMBEHBUEETED) . ASANE#HZT
(&, AN@IEBICEUHMEER CEASZZITDDICH L
T, MERIFEHZNICAEVICRDEENDE T2,
HHHEZEA G SKEEA TEFIED. Fic, il
KIFEENHNMNERR D BEL, BEBCANGRK
DHEFEEZ SN, ANRHEICIBEGE I DIERIFHE
ROEEEOKEENSVNEVND CELATHBITHS
Ngd. UL, AANERDRg & Rdg D EERAICKED D
foitBRstt (Test No.5,6) Tl&, HERAANIERED
BEICEBIDIBHNEESNIcCEND, BEZIL
C I EBAIDBFRIDEEED B E N FHFanZRD DB
BDARELERICHOICEERASNSD. Ffc, HERRIIC
WANERDERE T (HEWVDY D o124 (Test No. 1
~3&N04~B) TlF, KELFmENRSNEN D
feht, INB|Test No. 1 ~6MERETERDMERDRg &
RdgITIFEAEEDTEL, TERDEENEDBEEEICZED
B ol EERSND. EBIC, GmERREN/NS
WERBDEDHMIDRGEEHERTEHESFH LD DHEL
BFolcl&ICDVWTH, GERREHNS VSRS TEE)
UciEKIFTE U T <, HERORNEm DI EMEN
WASNCleDEEZASND. RgERdgEBHDERA
HEDINT AT DEFANDKENZRITIEZEE LT
BEDNCDWCTIFBAETIFEWVDY, EEREEH/ NI
AHERFU TIFRgICEIFIEL ., RdgICEDDDIEIFTTH
mEHDNRSNEZ L, loannides 5D 28 DfHERA
TIFEEZAEL COREALIDENERIg TKDD T &
HTEDEWVDFEMZEFHDE, RdgDIFDHHEFAEID
FEEOHEMZRIEIRE UCEHTHD EHEAIL
TWS. EBIFRgHE U TR M EIF D2 DDEDER

Surface 1

NAYAYAVAVAVAYAYAYAVAYAYS
TN T N

Surface 2 Rdq, > Rdg>

E6 RqH'E U CRdg D ETFD 2EDEANAREDIRIIX]
Schematic of contact condition for raceway surfaces with
same Rq and different Rdg (Rdg1>Rdq?2)
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KEZERERAWITRUCBDTHD. RidghAREVEDZRE
RIERIFRIg VNS VENER DIAHPTNEEZZ N
(&, ZEEEETIEERKEIIREEISEVIRREICED
EBHICEDTHEITKRICEODTVWDDHh D LNKE
L. WFNICLTH, SEDFHBRDKX DK AFKHLET
DFEIF(F < BENFET DEPAIDHEFRAIDIEE DI
BYICKOTRFDEZEZAOND.

LFEETIF, EEREREHVINETWVE D D HIERDERBEH
FUHFPTVNCEICDVNTIRRED, ERERREHVINE
WRHFFEENESMmIEC), BREHMER &
DIEKOFREHIDIE NCDENR >fcEEZ DT ED
TE5H. TC T, BEOMZE—TICUcEEDEERR
& & SRERE DIIERDRg & Rdg DEBFRZANC. RAICF
D7, B7(CTDRERZETNTIURT. Bh'S
BASHEKRDIC, RgERdglE, ERENREHVNS <D
FEETLPTVCEL DS, COUHEZFAL
C, EEROERICK > CHEENFE LT EFmhERLE
DS L DIEICT REZ(Tolc. REICTDHER
Sz, R8ICZFDHBERZZNZIURT. BED
1,500 min ' D=7 D EIICRDITN I 1 UH+EER
IR ES T MR CEHEmZLE U,
FUdrEEnz T o e A (3@ 9 NTH4,000 hiX
EDFEGTH oD, T UMHMEERZIT D CTULELEER
FIGAMETNTH4L40 N RDFEmICHE oIz, TDFER
([FERLERIC KD U HDHFaR ICRKE L EZNIFT
BITHD.

MAEMillerSlg, EimEM7Z@h BT R/ (20
B/ NEVEEGREERENMENCEZRLTHD, B
T T3 EMIFRE SIS H'0.05~16.4 msec. DEEH
DEENRE ClE, FanldEARREOD0.4%E(ICHEIL TR
{IFBDERELTUVD 20 SEfTo R TIE, EE)
REMEVEM CIRVFRHOEARRE($0.25~0.96
msec. CHIABDZENGD DI, CDEICKDFmE L
(F1.7BEFHEINDD, DFamO_EDEFSED
HonmEaDIER (Test N0.7.8) EBBTR—HLT
Wa. TRREMillerSDIRETIFEBMRENELS D &
FmHRLIEDERICDVTIFIERTWVEWLS, I
(FEENMREDE FNCK > THBENE UH T <D
CET, FDRLBDCEICKDEZEABND. &
B, GEINRENNESLKEDELFUHPITLLEDANT
ZLICDWVWTIFREATH D, SEBODAFREECHD.
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KA RLDDERE CEENEARUTc#(CRg ERdq72E
BI DIcHD RS
Test condition to investigate Rgand Rdg after rolling
contact under different rotation speed

Type number of rolling bearing 51105

Surface Roughness of inner and
outer ring before rolling contact

Surface Roughness of rolling
element before rolling contact

Rq=0.25um, Rdg=7.45°

Rq=0.54um, Rdq=9.52°

The number of rolling element 3
2.7kN, Pmax=3.0 GPa

Load and maximum contact stress

Lubricating oil Turbine oil  VG32
Temperature of Lubricating oil 110°C
Rotation speed 250, 500, 1,500 min"!
Oil film parameter 0.008 ~ 0.048
The number of rotation 261,000
0.35 4.5
030 | O -14.0
<435
0.25 |- ¢
413.0
E o20f Jos °
[ ] S
S L o0 S
& 015 o 0
010 | e
o ® Rq 1.0
0051 o ORdg | 05
0.00 ! ! ! 0.0
0 500 1,000 1,500 2,000

Rotation speed min-1

H7 EQHCEnERE CinaiEit Uc#DRg ERdg
OlERE@#=261,000[0]
Rq and Rdgafter rolling contact under different rotation speed
The number of rotation is 261,000

4. 2 BIEFEICRIFITRg, Rig SIEFIDEE

2007&EICREITIN2IS0281:2007DE(CTE >
Jzloannides 5MFEX 28 DIFERATIF, FmstER
DHEIEFRE aiso DEZ FICTDOVTDIRERD DD . ZD
FRERTCIE, EmHA D BT DXFHEESIFH()TERIN
5ELTWVD.

In (1)=ln( ! )+1n !
S S hertzian-scale_stress S surface_stress

| b
+In ( )
S subsurface_stress

H(D)FEN D EZDOKFHEENLTDOIEEDM
NCEL > TRETDEIEDETE— RTEDFKFERICK
DCORFDCEZERLTWVD.

D% 1IEDHertzian-scale_stress : EH' (F Db

K5 TEHFHICHT DIEUHEELDRZE
BT DI DD RS
Test condition to investigate effect of running operation
on RCEF life

Type number of rolling bearing

51105

Surface Roughness of inner and
outer ring before rolling contact

Rg=0.25um, Rdg=7.45°

Surface Roughness of rolling
element before rolling contact

Rq=0.54um, Rdq=9.52°

The number of rolling element

3

Load and maximum contact stress

2.7kN, Pmax=3.0 GPa

Lubricating oil

Turbine oil VG32

Temperature of Lubricating oil

110°C

Rotation speed

Running-in operation: 250min!
RCF testing: 1,500min"!

The number of rotation 261,000 (8.7hours)

In running-in operation

Surface Roughness of inner and _ _ o
outer ring after running-in operation Rq=023um, Rdg=1.15
Surface Roughness of rolling

element after running-in operation Rq=0.03um, Rdq=0.95°

Without
running-in |

operation

With
running-in
operation |
| | |

1 10 100 1,000 10,000

Life h

H8 FUHEELDAED U COImELIRIGR
Results of RCF testing with and without running-in operation

(NVYEEAR) ENCRETDINSIT, BFEESE
FHETCBVLTEBEORBERED T U—F 2T 7%
RESEDINS

@5218MSurface_stress : FEHBEETICHWL
T, EBEEPHIIER (Rdg=4° )ZHRDXREME
TDEREFTDERICK O CTHRESNDEERHICK
b, RKEHODEGEZHRESEDINT]

@ 3IBMDSubsurface_stress : #&EEBRMATIC
BVT, EBRIWAETHER (Rdg>4" )ZRDXRME
HEDEERLOEMEDSHEERE MIERATD
BFTICKELFRZEBARDAICKD, KB
SOEGZHRESEDINN
PURClF, &@hD#=z0HEmZROTCVDIZ L
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Speeding up of Parallel Link Angle Control Equipment
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NTN has developed an improved Parallel Link Angle Control Equipment that can control the angle with two-
degree-of-freedom fast and widely. Enhancing the drive mechanism, link part, and control method of the unique
parallel link mechanism, this equipment can be improved repeat positioning accuracy and positioning speed
more than our conventional equipment. Furthermore, we had developed the grease dispensing system and
appearance inspection system there are adapted this equipment.
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Evaluation method of grease dispensing accuracy
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Propeller Blade Bearings for Aircraft Open Rotor Engine

Guillaume LEFORT*

The Propeller Blade Bearings for Open Rotor Engine SAGE2
were developed by NTN-SNR in the frame of the Clean Sky
aerospace programme. The goal of this project is to design,
manufacture and test the propeller blade bearings for the upstream
and downstream propellers of SAGE 2 Open Rotor.

The propeller blades of the two rotors are attached to engine
cases and are orientated at various angles by the two independent

Pitch Control Mechanisms.
The propeller blade bearings ensure the transfer of aerodynamic and centrifugal loads to the respective engine

cases while allowing the pitch change of the blades.

Based on its know-how, its scientific knowledge and Research studies, NTN-SNR developed a new bearing
architecture, completed a general mitigation test plan, successfully passed the validation tests and delivered the

bearings for the Open Rotor Sage2 demonstrator.

1. Introduction

The SAGE2 counter-rotating open rotor is an
aircraft engine concept developed in the frame of the
European Union Programme “Clean Sky”. It is the
most attractive aircraft engine concept to reduce the
fuel consumption and the gas emission (CO2, NOx, ...).
In fact, this concept allows improving the propulsive
efficiency and the thermal efficiency while growing up
the by-pass ratio (higher the by-pass ratio is, lower the
fuel consumption is with the same weight).

However, before introducing this concept in
production, several technical issues had to be solved.
A lot of innovative works had to be studied for the
integration of the open rotor to the aircraft and for the
propulsive part (gearbox, propeller blade design,
propeller blade integration: pitch change mechanism,
propellers blade bearings).

NTN-SNR was selected by the EU to design,
develop and manufacture the propeller blade bearing
prototypes for this demonstrator, which are one of the
critical parts for Open Rotor Engine.

In this paper, we briefly discuss about the context of
the project and present the propeller blade bearings
developed by NTN-SNR for this engine.

2. Context of the project

2.1 Clean Sky programme

Clean Sky is the most ambitious aeronautical
research programme ever launched in Europe. Its
mission is to develop breakthrough technologies to
significantly increase the environmental performances
of airplanes and air transport, resulting in less noisy
and more fuel efficient aircraft, hence bringing a key
contribution in achieving the Single European Sky
environmental objectives. 6 technologies are studied
in Clean Sky (see Fig. 1).

Fig. 1 Technologies studied by Clean Sky programme

*NTN-SNR Roulements, R&D Aerospace Design Office
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In the frame of this R&D programme, NTN-SNR
answers to a call for proposal about propeller blade
bearing activity in the frame of Sustainable And Green
Engine technologies (SAGE).

The NTN-SNR proposal has been classified as the
top ranked one, against others proposals and NTN-
SNR has been officially selected on the project on
October 19th 2012,

2.2 Open Rotor Architectures

The Open Rotor architecture is an aircraft engine
composed of a gas generator and 2 propellers. The
gas generator provides the mechanical energy to
rotate the 2 propellers, as shown on the Fig. 2.

This concept combines the qualities of the
turbopropulsor (propulsive efficiency, thermal
efficiency) and the benefits of the turbojet engine
(higher flight speed, lightness,...).

Upstream Downstream
Propeller  Propeller

Gas
generator
\ «— Propellers
Area masked for
Area masked for confidential aspect
confidential aspect

Fig. 2 Open Rotor architecture

2.3 Schedule

The 34 months duration project has cost €1.5
million with 50% of EU contribution.

The schedule is described on the Fig. 3.

2013 2014 2015 2016
[ 2 580 « B85 & B0 o 00 o [0 2 N0 2 | o F90 o 50 o B0 2 [0 2 B o [ D o D o AR 2 BN 2 |
BEARING 50 ENT |

Fig. 3 Project schedule (civil year)

2.4 Customer specification and technical
challenges
Regarding the propeller blade bearings, NTN-SNR
has a very good experience in the concepts for
commercial turboprop aircraft already in production.
However, due to the SAGE2 technical specification
and the location of the propellers, none of the current
blade bearing designs can be used on the open rotor
concept. The Fig. 4 and Fig. 5 show the differences
between current blade bearing specification and
SAGE2 open rotor blade bearing specification.
The 4 main bearings specific challenges for this
innovative application were:
- Criteria 1: High level of loads (especially centrifugal
force) with +15% compared to the current application
- Criteria 2: Large temperature range and high level of
maximum temperature (-55°C to 180°C): twice
higher than current application
- Criteria 3: Smaller allocated room to design the
solution than existing one
- Criteria 4: The sealing device has to be inserted in
the new propeller blade bearing. The current design
doesn’t include the sealing device inside the bearing.

Clean Sky Open-Rotor

Current applications
Centrifugal loads

Load daN

Aerodynamic loads
1 ] = ;

Rotational speed of propeller min!

Fig. 4 Loads comparison between current applications
and SAGE2 Open rotor specification

—— SAGE2 propeller blade

----- :I_‘Z bearing allocated room
i g

|

!

|

!

i

!

]

I

i

i

i

i
e e dea

!

!

i

= = Current propeller blade
bearing allocated room

Fig. 5 Propeller blade Bearing allocated room
differences between current applications and SAGE2
Open rotor specification
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3. Technical solution

3.1 Objectives

The goal of this project was to design, manufacture
and test the propeller blade bearings for 2 propellers
of SAGE 2 Open Rotor (See Fig. 6).

The propeller blades of the two rotors are linked to
engine cases (bearing housing) and are orientated at
various angles. The propeller blade bearings ensure
the transfer of aerodynamic and centrifugal loads to
the respective engine cases while allowing the pitch
change of the blades.

Fig. 6 Location of Propeller Blade bearings on the engine

These propeller blade bearings are one of the
critical Open Rotor Architecture parts. Without
efficient, reliable and safety propeller blade bearings,
no Open Rotor Engine could be introduced in mass
production on the commercial civil aircraft.

The main functions of these bearings are:

e Allow oscillatory rotation between the engine case
and the propeller blade shaft

e Transmit the centrifugal and aerodynamic loads from
the propeller blade to the engine case

* Resist to the environment (thermal, fluids,..)

¢ Ensure the stiffness between the propeller blade root
and the engine case

* Resist to a load caused by the loss of propeller blade

3. 2 Description of the technical studies
To meet the specification requirements, 3 innovative
works were conducted:
A) design a new bearing architecture addressing
criteria 1, 2, 3 and partially 4
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B) develop a new complex tribological system in order
to minimise the friction torque and avoid any
raceway wear (criteria 1 and 2)

C) develop an innovative sealing system answering to
criteria 4.

Regarding all the risks existing on this project a
mitigation plan was established and completed.

A) Bearing architecture

Based on criteria 1 and 3, several architectures of
bearings have been defined and calculated using
specific new adapted Finite Element methodology.

This new methodology has been developed during
the project because the constraints of integration,
especially the complex thermal gradient and the
stiffness of parts. Eventually, only two architectures
meet the specifications and based on these
calculations (See Fig. 7), the best bearing architecture
was selected. The selected architecture is a double
row angular contact ball bearing.

e
|

| LERNNRNECRRNARNN: - N
-ussBELERRELELNEERERREEE 3

Fig. 7 Stress distribution of finite element calculation

B) Tribological system selection

It is important to highlight that the contact lubrication
is a key parameter for the success of this project
because both the life duration of the bearing and the
bearing starting torque depend on the contact
lubrication. Due to the extreme specification, the
lubrication cannot be done by one type of lubricant.
Therefore, NTN-SNR has developed a complex
tribological system to allow for good bearing
lubrication (See Fig. 8). This selection was divided
into three steps:

Grease

Surface treatment |

Potential roughness optimization |

Fig. 8 Complex tribological system developed
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B-1) Exploration of existing solutions

The aim of this task was the exploration of all
existing lubricant solutions. This task was based on
NTN-SNR experiences, literature and supplier
experiences. It is important to highlight that the major
criterion for the lubricant is the capacity to sustain very
high contact pressure (up to 4 GPa). ltis also a
challenge for the surface treatment.

12 potential greases and several surface treatments
were studied.

Only the four best greases and the best surface
treatment were further studied in the following step.

B-2) Tribological solution definition

The target of this step was to select three best
solutions regarding the global tribological behaviour.
NTN-SNR explored the different types of lubricants
(greases and surface treatment defined previously)
and the combination of the different types. The impact
of the bearing ring materials and their heat treatment
was also evaluated. The ring and ball materials are
established by the bearing sizing. Several solutions
were studied for three other components.

The three best tribological systems were selected
regarding laboratory test results.

B-3) Validation of the selected solutions

The aim of this task was to test three best selected
solutions in representative conditions, studying the
“False Brinelling Effect” on three test benches: at room
temperature, at high temperature and at low
temperature. The first two test rigs already existed at
NTN-SNR and the last one had to be built (See Fig. 9).

These 3 solutions were compared with the solution
of reference used on the current application for the
test at room and low temperature. However, the high

Fig. 9 False Brinelling test bench
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temperature tests were performed to validate the good
behaviour of the solutions at 180°C, where the
reference is not valid. These tests performed the
equivalent in service time on the three best solutions.

Conclusion: Based on all these tests, NTN-SNR
defined and developed a customised complex
tribological system which has the same
performance as the propeller blade root “in
service” solution in an environment respecting the
requirements criteria.

C) Sealing device

Intensive work has also been done to design
complex sealing devices to avoid the leakage of
lubricant outside of the bearing and the penetration of
pollution inside the bearing. In fact the bearing sealing
system is composed of two seals: the upper seal and
the lower seal as shown on the Fig. 10. The maximal
equivalent pressure applied on the upper seal by the
centrifugation of the grease is about 16 bars with
safety factor. In addition, at low temperature, the
grease has to have a low viscosity to ensure a good
lubrication of bearing.

Fig. 10 Sealing system

The detailed study of sealing, including functional
analysis, risk analysis and product Failure Mode and
Effect Analysis dedicated to the sealing, was done
with the supplier. Due to the specificity of the
requirement and to optimise the integration aspect
(torque, weight, cost ...), the architecture of the lower
and upper seals used on the bearing assembly is not
the same. The Finite Element calculations showed
larger displacements of the seal seatings than existing
applications. Therefore, the seal design has to be
reinforced to take into account these displacements.

Due to the high level of risk, a sealing validation
plan was performed. It consists of six tests:

- Material compatibility tests:

These are laboratory tests to validate the good
behaviour of the seal material with the materials
(fluids or chemical components) that could be in
contact with the seal during its life.
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- “Raffer test”: ( shown on Fig. 11)
This is a fatigue pressure test to study the
behaviour of the seal regarding complex cycles and
endurance.

Oil under pressure [l 11111

Oil under pressure ||

Seal \r
|

Housing | ol
Ring “ Shaft

Fig. 11 “Raffer test”

« Adhesive test:

This test aims to validate the good adherence
between the elastomer part of the seal and the
frame.

It is important to highlight that an adhesive issue
could result also in a non-optimised seal design
which puts a high level of strain on the link between
the elastomer and the frame.

- Dismounting test:

This test measures the load necessary to
disassemble the seal of the bearing in order to
demonstrate that there is no displacement of the
seal and deflector during the engine test.

- Starting torque measurement on seal:

This test aims to measure the starting torque of
the seal alone. The torque value measured by this
test is used to compare the starting torque of the
three solutions.

Starting torque measurement on standard
representative bearing in terms of diameter,
ball size and number of balls:

This test mitigates the risk of having a starting
torque higher than the specification. In fact, if the
bearing torque is too high, the actuator which
controls and changes the blade pitch angle cannot
modify the angular position of the blade. Thus the
engine does not work. A specific test methodology
was developed for this project. The Fig. 12 shows
the test bench.

The results are shown in the Fig. 13.

The best seal design regarding performance and life

duration was assembled on the bearing prototypes.

Fig. 12 Starting test measurement test bench

Contact pressure equivalent of
« Take off + 1Pmax » load case

4 Starting tarque without seal

= Starting torque with lower seal

Torque

in i 4 * Starting torque with 2 seals new
- * design
1 . o ® Starting torque with 2 seals new.
dasign + greass

A Application preload range | preload,
/// shrinkage, thermal impact in
s application taken into account)

Load value daN

Fig. 13 Example of torque measurement results obtained

3. 3 Results
After the completion of the three innovative works, the

bearings were manufactured. After that, the prototype

bearings were validated:

e For criteria 1, 2 (partially) and 3, the good behaviour of
the bearing under load was validated with tests on ball
bearing on a compression/torsion test machine (see
Fig. 14). The results are shown on the Fig. 15. The two
bearings successfully passed the limit and ultimate
load tests. And the torque under load is two times
lower than the starting torque requirements included in
the course of the project. The two bearings will allow:

* Good behaviour of the engine, allowing oscillatory
rotation between the engine case and the propeller
blade, transmitting centrifugal and aerodynamic loads
from the propeller blade to the engine case, ensuring
the stiffness between the propeller blade root and the
engine case

* Safe working of the engine, avoiding the loss of
propeller blade.

* The criteria 4, is only validated by the “Raffer” tests
performed on the seals.
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Brushless motor Force/torque

sensor

Hydraulic cylinder

Axial load kN

Angular position °

Time s

Fig. 15 Results of the validation tests

The project developed and thoroughly tested the
bearing prototypes up to TRL5. As a result, the bearings
for the two SAGE 2 demonstrator propellers with the
substantiation documents have been delivered to the
customer.

The bearing and its 13 different components were
manufactured following all the aerospace quality
standards.

Photo of author

4. Conclusion

In conclusion, during this project, NTN-SNR has
developed:
- a new compact self-lubricated architecture of bearing
- a new complex tribological system to allow a good
lubrication of bearing under extreme conditions
(centrifugation loads and high temperatures)
- a new sealing device compliant with high pressure
fatigue safety margin.

All these innovations will be definitely validated on
SAGE2 Open Rotor demonstrator during a ground test
campaign. The Open rotor demonstrator will be tested
in the South of France at the end of CY2016.

The bearing solution developed in the frame of this
project by NTN-SNR will now become one of the
technical standard for all the blade root application
(unducted or ducted propeller) which works in high
speed conditions, high temperature environment, in a
small allocated room where sealing and self-lubricant
are requested. (See Fig. 4)

These bearings contribute to the positive

environmental impact of the Open Rotor engine:
- CO2 emission reduction: -15% to - 17%
- Noise reduction: -6to -9 dB

The impact of the innovative technologies
developed for these bearings could be applied on
several aerospace applications (propeller blade
bearings, fan blade bearings, main rotor blade
bearings, swash plates, ...). Moreover the tribological
system could be applied on other bearings for industry
market or automotive market.

4 patents were applied based on the results of
these studies.

Out of 482 projects, NTN-SNR was ranked within
the 10 best projects.

Guillaume LEFORT

NTN-SNR Roulements
R&D Aerospace
Design Office
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Products Introduction of Composite Material for Industrial Machinery
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NTN Composite Material Product 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, magnetic material and fluid
dynamic pressure technology. This paper introduces our products that meet various required characteristics of
industrial machinery such as medical instrument, food machinery, hydraulic equipment and information device etc.
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EQUIP AUTO 2015 INNOVATION AWARD

Press
Connected

Spline .
“.‘.-_be Joint
PCS HIJ

1. Introduction

Equip’Auto is the largest Automotive Aftermarket Show in
France. It takes place every two year in Paris.

The promotion of innovations useful for aftermarket is one of
the priorities of Equip’Auto, with the “Grand prix internationaux
de linnovation”. This challenge awards gold, silver & bronze
trophy, in 5 categories.

NTN-SNR attended the show, with a stand to exhibit the range
of NTN-SNR automotive
products dedicated to
aftermarket.

NTN-SNR applied for the
“Grand prix internationaux de I
innovation” with the presentation
of a light weight wheel hub, in
the category of ‘OEM & new
technologies’.

2. Structure of Press Connected Spline (PCS) hub
joint with aluminum centering
The innovation presented by NTN-SNR is a Press Connected
Spline Hub joint, developed by NTN, with an aluminum wheel &
break disc centering developed by NTN-SNR.

Compare to a standard solution, the mass of the wheel hub &
CVJ assembly is reduced by 21.2%, with 18.2% by PCS & 3%
by aluminum centering.

This solution has been applied on a Renault demonstration
vehicle called ‘Eolab’ that achieve a mileage of 2L / 100km.

3. Detail explanation of aluminum centering

The target of aluminum centering development is to save
mass, but also to simplify the manufacturing of the hub. The hub
is easier to forge, and the small splines of PCS are possible to
manufacture with a standard process (the tool can pass
through).

The geometry of the aluminum centering has been optimizing
by FEM with two criteria:

1) Stay below 170 MPa of stress in the
aluminum under the axial load of the nut
due to tightening, to be able to use low cost
aluminum for mass production.

2) Keep the displacement in the centering
area below 5 microns.

Press Connected Spline Hub Joint

Sebastien GUILLAUME
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Claire BIANCHIN

PCS design with
aluminum centering.

PCS design with

4. NTN-SNR award

With an attendance of more than 95,000 visitors, and the
presence of 1,400 exhibitors (who 60 % of international), EQUIP
automobile 2015, who is kept from 13 till 17 October, confirmed
its position of international, essential meeting in France.

The “Grand prix internationaux de I'innovation” exists since
1985. The jury consists of more than 60 journalists, from more
than 20 countries.

The NTN-SNR presentation to the jury explained the
advantage of this innovation: CO2 emission reduction, mileage
increase, noise reduction, and also the possibility of easy
maintenance by the short length of the CVJ spline.

The jury awarded NTN-SNR for this innovation, with the silver
trophy.

5. Summary

Press connected Spline Hub Joint & aluminum centering is a
solution to answer automotive market demand. This product also
demonstrates the strength of NTN group, with, on one hand, the
possibility to propose improvements on
both the wheel hub & CVJ, and on the
other hand, the common input of both
Japan & France R&D center.

NTN-SNR will continue to promote
Press connected Spline Hub Joint &
aluminum centering to European car
makers.
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