AEROSPACE BEARINGS
GUIDE BOOK

MEFHAMZHART VD
CAT.N0.8025/JE




NTN's advanced technology can open up
the future of the aerospace industry.

NTN, which was established in 1918 in Kuwana, Mie Prefecture,

boasts over 80 years of experience in the aircraft industry.

now trusted for our world-class technical capabilities
globe. We are one of the few domestic bearing manufa
that deal directly with- major domestic and overseas engine—

manufacturers. ' —- -
We will continue to challenge ourselves on a daily basis to supply —
customers with high-quality and reliable products. il e
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In our current society where flying has become normal, aircraft and rockets are now
indispensable. With the market demand on an Upward trend, an increase in global
population and the grthh of economies in emerging countries, the demands for .
global environmental protectlon and safety is mcreasmg as weII

‘With advanced technology and the hlghest rellablllty that meets such market needs NTN
i WI|| commlt to developlng and reallzmg |ts m|SS|on of providing safe and secure products
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NTN's core technology to meet market needs
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Safety
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& Lower Fuel Consumption
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Faster Designs =®{b&%st
Lighter Designs #Z21ti%&t
Advanced Analysis Technology =E#Z#Hii

High Strength
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Stable Quality
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Material Development #1#iFa5
Precision Heat Treatment Technology &= LIEH 1T
Processing Measurement Technology #01T - SHil#4fi

& Foreign Matter Resistance
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Maintainability
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Surface Modification Technology =& 1ii
Damage Analysis Technology mi&fZAHiT
Anomalies Diagnostic Technology £ &2kl



Alrcraft »=xpa=

Numerous bearings are used for aircraft, from high-speed rotation

engines to parts for opening and closing doors.

Our primary products are main shaft bearings which require
the highest level of reliability and quality. We have the ability to
manufacture a wide variety of bearings for our customers based

on function and usage.
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Main Shafts
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Engine £ > >~

Gearhoxes
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Main shaft bearings support high-speed rotation of the engine and
are required to have high reliability and strict quality control due to
needing to be run with high precision for long periods of time. From
material processing to heat treatment, and processing to inspection,
our company conducts the highest level of quality control.
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NTN provides the highest quality bearings for gearboxes that drive
such things as the generator and various pumps by obtaining power
from the engine. The same level of reliability as main shafts is required
for gearbox bearings that support gear loading and rotation.
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Landing Gear
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Flight Control System
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Wheel bearings for landing gear require a design that repeatedly
withstands the impact at the time of grounding, rapid acceleration
and moment load at taxiing. We supply specially designed tapered
roller bearings that suppress the occurrence of excessive surface
pressure and are optimized for this application.
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NTN supplies bearings of various types and sizes to be used for parts
that are extremely important for the aircraft to fly such as flaps, ailerons,
and ladders, as well as actuators that control the angle of the aircraft
during flight.
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Numerous bearings are also used for helicopter engines, transmissions, and aircraft.
NTN manufactures a wide range of highly reliable bearings built with the same level of quality
control required in aircraft. A couple such product are spindle bearings for turboshaft engines

and transmission bearings that transfer power to the main rotor and tail rotor.
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Transmissions
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Turhoshatft
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A large number of bearings are also used for transmissions that transfer
engine power to the main rotor and tail rotor. Although it is not as fast as
the engine spindle, high load capacity is required because it supports
gear loads.
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Spindle bearings for turboshaft engines, which are a power source to
rotate the rotor, require reliability to support high-speed rotation with
high precision.
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NTN is major supplier of turbopump bearlngs and valve bearlngs for Japanese Rockets. We contrlbute
to Japanese space development. .
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Satellites \ T& £

Bearings that operate stably in harsh environments that

differ from Earth’s surface are required. A successful mission
demands that bearings are highly reliable in conditions such
as high vacuum, radiation, and wide temperature ranges. NTN
supplies bearings for the driving mechanism of the solar cell
panel, the hinge, and the deployment support instruments of
various antennas.
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H Rocket Engines o~ v ~hT>>

A turbopump plays an important role in the heart of a rocket engine.

We manufacture bearings that support the shaft of the turbopump that rotates
at a super high speed, exceeding the critical speed and dn = 2 million *' by the
cryogenic liquid fuel environment *2.
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*! Bore x Rotational speed

*2 Liquid hydrogen (-253°C), Liquid oxygen (-183°C)
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NTN-SNR has over 20 years of experience in the engine MRO industry with more than
13,000 bearings being repaired and reused.
NTN-SNR repair station operates under strict procedures approved by OEM, FAA*',

EASA*?, and CAAC*. T
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“'FAA: FEDERAL AVIATION ADMINISTRATION
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*EASA : EUROPEAN AVIATION SAFETY AGENCY
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“*CAAC : CIVIL AVIATION ADMINISTRATION of CHINA
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Inspection and Repair of Bearings:
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NTN-SNR has four applicable levels for MRO service based on the condition of each bearing.
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Level 1 Inspection: Visual examination and inspection of dimensions and noise (only for ball type) after washing.
k. B -TE-BE (K- a M TOR) BREEEN
Level 2 Inspection: Disassembly of parts after visual examination and washing. Visual examination of the rolling surface of each
part followed by replacement of cages and rolling elements.
HigtEk. BRRERICH R, SERPSHBRA0 BRRE CREFR - BEFOTIM
Level 2 Repair: Disassembly of parts, super finishing of the raceway, and replacement of cage and rolling elements.
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Level 4 Repair: Replacement of raceway of the outer or inner ring, in addition to Level 2 Repair.
Level 2 RepairlZ il 2. &SR h b D #LiESR % 334
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Asset Management: “One-Stop Shop”
LY L8R 2 HIKEEE “One-Stop Shop”

NTN-SNR can be the only MRO contact for bearing inspection and repair, regardless of bearing manufacturer. This simplifies
customer logistic management & decreases TAT with rotable pooling solutions.
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NTN Group is engaged in improving daily operations and is always providing the best service to its customers. NTN promises
ultimate reliability and quality assurance and provides safe and secure bearings for MRO.
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NIN'S Technology
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To continue to rotate in the harshest environments and extreme usage conditions - This is
the "ultimate reliability" required for aerospace bearings.

NTN is improving design reliability by implementing a dynamic design that utilizes analytical tools such
as dynamic and fluid analysis, as well as a highly accurate static analysis, that consider the influences
of bearing peripheral parts. In addition, we repeat experimental verification with test equipment that
reproduces the device characteristics and operating environment and collect empirical data on the
technology. The pursuit and accumulation of these innovative technologies have become the core of
NTN's technological capabilities in realizing the "ultimate reliability" of our aerospace products.

NTN continues to contribute to the development of the aerospace industry with "ultimate reliability",
which is backed up by the latest technology.
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Dynamic analysis
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Jet engine High-speed
CFD analysis N\ My operation tester for spindle
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Rocket engine Cryogenic
operation testing machine
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NTN supplies its products to major manufacturers across the world,
from its two specialized factories in Japan (Mie Prefecture Kuwana City)
and France (Argonay City) that produce aerospace bearings. Both plants
have acquired aerospace quality management standards such as

JIS Q 9100 (EN 9100) and special international certification (NADCAP).
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Kuwana Works, which is also the place of origin of NTN, produces various
types of products for the industrial machinery market. This specialized
factory ships aerospace bearings of the highest quality.
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JIS Q 9100

Maragerant System Certificaln
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Located in France’s Annecy City with NTN-SNR headquarters, the Argonay
factory is operating as a specialized factory for aerospace bearings.
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NonDestructive Testing Chemical Processing
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Surface Enhancement Nonconventional Machining
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OUTLINE

NTN Corporation, Kuwana Works, Built in 1986

Ultra-precision bearing plant HEE

2454 Tsuchijima, Higashikata, Kuwana-shi, Mie 511-8678, Japan Total floor space (m?2) 4.300
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Heat Treating

Chemical Processing

NonDestructive Testing Heat Treating Chemical Processing
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OUTLINE

NTN-SNR ROULEMENTS, Argonay Plant  Builtin 1964

114, Route de Champ Farcon, 74370, Argonay, France B

NTN-SNR 7/ dxTiE Total floor space (m?) 14,000
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