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The Cover : Article on Tribological Technology

Validation Test Equipment for 3-D Full-Scale Earthquake Testing Facility

The photo shows the validation test equipment installed in MHI Shimonoseki Shipyard and Machinery Works in order to conduct
the verification test of the 3-D Full-Scale Earthquake Testing Facility for the National Research Institute for Earth Science and
Disaster Prevention.

The 3-D Full-Scale Earthquake Testing Facility currently under construction aims at further improvements in earthquake-proof
design, earthquake-proof reinforcement technology and so-on through failure testing of the various full-scale structures (max.1200
t, equivalent to a 15 mX20 m, 4-story building) by realizing accurately the ground motion caused by a Kobe-class earthquake. The
facility is scheduled to complete in March 2005.

The validation test equipment was designed and manufactured as a part of development, using the specifications for actuators
(tribological elements: bearing, rod seal, and piston ring) and for 3-D links (tribological element: spherical hydrostatic bearing) same
as those of the actual units. The actuator’s mechanism was then subjected to validation test and actuators were confirmed to ensure
the target maximum displacement (+1 m) and maximum speed (£2 m/s).
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Large Low-0il Journal Bearing for Replaceable Steam Turbine Rotor
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Steam turbine rotors are replaced as needed to enhance reliability and improve performance. The bearing
diameter may be increased to support the rotor better, but this increases the need for lubricant + Avoiding such an
increase while maintaining lubricant capacity would increase reliability while cutting cost in rotor replacement.
We report the development and confirmation tests of a new bearing based on thermoelastic hydrodynamic
lubrication that sufficiently lubricates bearings with 309% less oil by decreases bearing loss due to oil shearing
friction.
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The demand for high by efficient diesel engines makes ample design of crank shaft bearings difficult.
Deformation due to bearincf Ioad is in millimeters, while ‘oearing oil ﬁlm thickness isless than several mim ons. This
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ol oA | $ A&R &R - N V-
= B E
G FIRIBS S 2R ¥k BARE £+ Xx¥
BRI A L > 90— L TlE, 2AR0n— LI, 1B = TEE 2T 2 2 F TR ERERK A WL

o, BHEOMEZH—c 722 L bEEN T, fERIE, MEo— LICIEl I \iuénmhwmﬁi&“ f&%
U, WEITAREZE LT, B2 3w a2 & CHRIERRITE L T&72ds, e — NV OiRE L 72 W ICERE %
IFL w7, BT, MEe—aoifm e —niziEFmicagldnira—2a— VNEICEEL, 2 —DEJiE
T“D—/Wz/w%?féé%f%iﬁ)g T 2T —EFME e — VERFEL 7z, 32, L a— 2L
DWBE S 2 e 2 AT L, 72 METHIEL 72, £72, GlEY 7 b L BB L ER ToMmiERRE %
%ﬁL,%%@AKM%ﬂ_ WU Ot e dERIie — L Th B 2 & 2RER L 72,

Mitsubishi has developed a high-performance controlled multishoe crown roll to control the caliper cross
profile. It has the following advantages: (1) Fine profile correction and stable oil film using small multiple shoes,
(2) Reduced drive due to small multishoe footprint, (3) PC-based user-friendly cotrol. Theoretical and experimental
studies with a test stand proved the applicability of the Multishoe CC Roll for calendars.
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Tribological Technology for High Efficient Centrifugal Chiller
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Centrifugal chillers widely used in large air-conditioning systems feature improved performance and improved
environmental friendliness thanks to the refrigerant HFC134a replacing HCFC123. We report how we decreased
power loss using a tribological components, bearings, and gears in chillers for higher performance (COP 6.0).
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Three-Dimensional Ball Motion in Angular Contact Ball Bearing
for High-Speed Machine Tool Spindle
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High-speed machine tool spindles are being rapidly developed to improve machined product productivity. High
~speed, however, raises machine temperatures, causing seizing in angular contact ball bearings in spindles. To
clarify the cause of seizure and heat generation in bearings, we measured the 3-dimensional ball motion of bearings
using Hall elements arranged on fixed oblique coordinates. Results agreed well with analytical calculations,
enabling us to design high-speed ball bearings with a bore of 70mm and an outer diameter of 110mm, enabling us
to operate bearings at 30 000rpm with oil-mist Iubrication.
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High-Speed Spiral Bevel Gear for Large Gas Turbine Drive Drainage Pump
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Drain pump stations have been enlarged to drain water due to floods, sewers, and torrential rain, implementing
low-noise low-vibration gas turbines that require no cooling water. To use gas turbine as mover, we developed
spiral bevel gears that transmit a high rotational speed of 117 m/s and a high power of 25 000 PS through crossed

shafts. We reviewed the calculation of dynamic load and tooth root stress in driving high pitch line velocity in
tooth mating and found that the analytical results of dynamic load agreed with experimental results obtained from

= W ) B R

experiments using telemetry.
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Calculating flow chart of dynamic loads
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Newly Developed Tribological Elements for
3-D Full-5cale Earthquake Testing Facility
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3-D Full-Scale Earthquake Testing Facility is being constructed which is the largest shaking table in the world
for failure testing full-scale objects that simulate high-level ground motion of earthquakes such as the Kobe
earthquake. Actuators are connected to the shaking table via 3-D links and actuators and 3-D links involve
tribological elements such as bearings and seal. These tribological elements are operated under severe condition,
requiring new elements. We developed high-performance bearings and seals with low leakage of hydraulic oil and

low friction by using new tribological elements.
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Comparison of earthquake testing facilities
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Tribology in CO, Scroll Compressors
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The natural refrigerant CO, has attracted attention as an alternative to R134a currently used in automotive
airconditioning, which has high global warming potential. A scroll compressor was developed for CO, automotive
airconditioning. The pressure of CO, is much higher than that of R134a, resulting in low CO, scroll compressor
thrust bearing reliability and efficiency because of the large gas thrust. The static pressure assist bearing we
developed was confirmed experimentally and analyticaily to be feasible in CO, scroll compressor use. We also

studied elastomer, shaft-seal, and refrigerant oil for CO, refrigerant.
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Development of Width-Adjustable Water Seal for Width-Adjustable Shield Machine
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We are developing “Width-Adjustable Shield Drive Method” to meet the need for changing excavated sections
in the construction of turnouts and ramps for underground passages, tracks and train stations for subways, etc.
Although underground passage ramps. etc..are constructed by open-cut method currently, they are constructed by
sending a shield machine into underground from a pit and digging a hole vertically while adjusting the width of the
cutters in the new method. A part of the shield machine outer casing is lapped. The excavated section is enlarged
and reduced continuously by expansion and contraction of the lapped part during excavation. Seal system is needed
for the clearance between. the moving part-and the fixed part so that muddy water never flow into the inside of
the shield machine. In this report, the newly developed seal system is described. It is verified that the seal system
has adaptability for the varying clearance, flexibility at the corner parts, and good sealing performance for the

AAaS

sliding parts under the same sealing condition for a real shield machine.
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Containers in which spent nuclear plant fuel are stored must remain sealed indefinitely without leakage despite
accidents such as fires and shock during transport. We evaluated allowable gasket leakage by parameterizing cask
leakage in long-term storage and transport. We confirmed that gasket leakage is lower than the reference by
studying leakage in vertical and side deviation, finding that a metallic gasket suits both storage and transport. This
report details cask sealing techniques 'and verification.
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Properties of Steel Plate Reinforced Concrete Bearing Wall Subjected to High Heat
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Steel plate used to face SC structures heats quickly in rapid increased atmosphere temperature. Such heating
could crack concrete components or buckle steel plate. We conducted heating tests with an SC structure model and
found that if the temperature rises 300°C from room temperature, the SC structure cracks concrete components but
does not buckle steel plate. The result shows the integrity of SC structures.
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