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Coupled Simulation of Starved Elastohydrodynamic

Lubrication and Liquid Film Flow

K. Shibasaki

Minimal quantity lubrication (MQL) on rolling element bearings facilitates reducing bearing friction and reducing

environmental impact. However, excessive reduction of the amount of oil leads to a shorter bearing life because of a

thinner oil film of elastohydrodynamic lubrication (EHL) than surface roughness. Therefore, it is important to elucidate

the relationship between oil flow rate and oil film thickness. A new numerical method has been developed to couple

simulations of starved EHL and oil liquid film flows outside the EHL to provide the above relationship. The present method

has an advantage such that it can solve the inlet boundary conditions of EHL domain, such as meniscus length and inlet

oil distribution. The effects of numerical grid type and resolution on the simulation of a ball bearing were investigated. Ball-

on-disc tests under steady-state starved lubrication were also carried out to validate experimentally the newly developed

method.
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Difference in Preventive Mechanism for Fretting Wear
between Oil and Grease Lubrication

T. Maruyama, T. Saitoh .
iz |

Rolling bearings may suffer from the fretting wear on the rolling element or raceway surface as a result of an oscillatory
motion. The fretting wear on a bearing surface can result in an excessively noise, an increase of torque, the flaking, and so
on. Before, the degree of oscillation was expressed as a non-dimensional parameter of the amplitude ratio. The amplitude
ratio is expressed as A/D, where A is the amplitude under an oscillatory motion, and D is Hertz contact diameter. Then the
oil film behavior was observed under the minute oscillatory motion in EHL (Elastohydrodynamic lubrication) point contact,
and the critical amplitude at which the oil film could not be formed was measured. This paper investigated the relation
between the kinematic viscosity and the fretting wear by using the thrust bearing when the amplitude ratio was changed,
and compared the oil lubrication with the grease lubrication. As a result, the fretting wear decreased when the high viscosity

oil was used under the oil lubrication, and when the low viscosity oil was used under the grease lubrication.
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Fig. 3 Fretting test rig

Table 1 Conditions of fretting wear tests
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AC servomotor

Semi-reflective
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Fig. 4 EHL ball-on-disk test rig

Table 2 Conditions of minute oscillatory EHL tests

Temperature, °C 25 Temperature, °C 25
Test bearing 51305 Test bearing 51305
Maximum oscillating speed, mm/s 20 Maximum sliding speed, mm/s 20
Maximum contact pressure, GPa 3.24 Maximum contact pressure, GPa 0.37
Load, N 882 Contact area radius, mm 0.13
Basic dynamic load rating, N 4655 Amplitude ratio 2.0
Contact area radius, mm 0.21 Camera frame rate, frames/s 500
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Fig. 5 Relation between test number and damage
ratio
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Fig. 8 Relation between amplitude ratio and damage
ratio
@ : Kinematic viscosity = 19 mm?/s @ 40 C
[ : Kinematic viscosity = 396 mm?/s @ 40 C
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Fig. 11 Relation between worked penetration and oil
separation
@ : Kinematic viscosity = 19 mm?s @ 40 C
[ : Kinematic viscosity = 396 mm?/s @ 40 C
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(b) 396 mm?/s @ 40 °C

Fig. 14 Photographs of specimens after fretting tests
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Development of Robot Serving Instead of Guide Dog

K. Tobita, H. Ogawa, K. Sagayama
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We have been developing a robot serving instead of a guide dog for assisting the visually impaired in order to support

the application of robot technology in the field of assisted living. We marshalled the roles that guide dogs perform and

incorporated those roles into the robot’s functions in order to develop the prototype robots.

This paper introduces those developments. Firstly, we explain the basic technology of a robot that leads a person while

circumnavigating obstacles, and introduce a prototype robot that leads a person while circumnavigating obstacles. We also

describe some methods for reducing typical risks, which were carried out for this prototype robot in consideration of safety

while using the robot. In addition, we introduce another prototype robot, which has been developed as a way to overcome

stairs as barriers.
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Technological Trends of Jet Aircraft Engine Bearings
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M. Kawada, K. Hara

In recent years, jet aircraft engines have been required to be environmentally friendly, operate at quieter noise levels,

and operate with lower operating costs, in addition to conforming to existing requirements of high reliability and high

performance. Demand for bearings has varied along with the structural change of the next-generation small-to-mid-size jet

aircraft engines.

This article describes an integrated cylindrical roller bearing, and discusses the results of testing under actual operating

conditions using an integrated bearing with high-speed, counter-rotating inner and outer rings, and the results of calculations

for verifying.
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Technology Development and Future Challenge of
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In this paper, the history of main spindle speeding up and future technological challenge are described, at the same time,

the latest main spindle technology is introduced.
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Electrical Erosion of Motor Bearings

X £7)

K. Yasunaga

In this paper, we explain the electrical erosion of bearings used in motors and describe measures that can be taken.

When voltage is applied to the motor due to high-frequency electrical noise from equipment near the motor, electric current

passes from one bearing ring to the other through the rolling elements and lubricant films. As a result of such passage

electric current, minute sparkings occur in the contact areas within the bearing resulting in electrical erosion damage.

Vibration and sound of the bearing change for the worse due to electrical erosion damage, and surface flaking of the bearing

rings may occur as conditions further worsen.

As a result of researching this type of electrical erosion and carrying out various tests, we discovered measures that can

be taken against this electrical erosion. One measure is to enlarge insulating breakdown voltage of the bearings as to be

higher than the voltage of electrical noise. Another is to enlarge the insulation resistance value of bearings through the use

of ceramic balls.
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Development of Cold-Formed Hub Unit Bearings
(XROS FLANGE HUB)

T. Maeda

Growing demand for so-called green technologies and for reductions in CO, emissions, have gained greater importance
in society in recent years. Bearing makers also have the challenge of reducing the environmental load (CO, emissions while
conserving natural resources) during bearing production. In addition to improving bearing performance, for example, a
lightweight design and low rotational friction, it is necessary to reduce the total environmental load, including that of bearing
production.

In response to such demands, NSK has developed a cold-forming technology. NSK has succeeded in cold forming
the hub shaft for hub unit bearings as an alternative to hot forging the hub shaft. NSK has started the world’s first mass
production of such cold-formed hub unit bearings (XROS FLANGE HUB).

Development issues of the cold-formed hub unit bearing are that cold forming of the hub shaft requires a larger load
during stamping than that of hot forging, which results in hub flange fractures during the process. NSK has solved this
problem by a new forging method. Also, a cold-formed hub unit bearing can reduce both energy consumption and steel
material consumption used in bearing production. Furthermore the cold-formed hub unit bearing is 5 % lighter in weight than

a conventional one.
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Development of Long-Life Planetary Shaft (SHX3 Steel)
for Planetary Gears of Automotive Transmissions
K. Yamamoto, H. Takemura &
A &8

There has been ongoing demand in recent years for more compact and lightweight bearings used in transmissions as
a way to deliver better fuel efficiency. There has also been demand for use of low viscosity AT fluids with lower agitation
resistance, which leads to lower friction loss. Another challenge is meeting the needs of demanding transmission operating
conditions such as the very sparse bearing lubrication that occurs when the oil pump shuts down during travel in the electric-
motor-only mode in HEVs. Other demands include the need for a wider gear range as a way to reduce gear shifting shock

and for improved efficiency of power transmission in ATs, which require AT bearings capable of operating at higher rotations.

This article describes NSK's long-life planetary shaft for automotive transmissions, which is 40 % smaller and lighter.
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Fig. 5 Comparison between full-complement and cage & roller type bearings
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Shinkansen Axle Cylindrical Roller Bearing for E5 Series Bullet Train

Eb RArFriREEs A= Z NSK A 100 % 2EU ES R¥TEHREBHMAMZ (&, BB OHZ, HH
Jz (2013F 6 BETDXEME). NIE, EL RHEFHR AEHETDD.
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Fig. 1 Shinkansen Axle Cylindrical Roller

Bearing for E5 Series bullet train
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Photo 1 Shinkansen Axle Cylindrical Roller Bearing for
E5 Series bullet train
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High-Performance Standard NSKHPS Large-Size Spherical Roller Bearings
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Table 1 Specifications of high-performance standard NSKHPS Large-Size Spherical Roller Bearings

oD

T
=a)

HUES FBE (mm) EXERHE (N)
S F—J % d D B | @ o Cor
21319CAME4 | 21319CAMKE4 95 | 200 | 45 | 3 430 000 435 000
23220CAME4 23220CAMKE4 100 180 60.3 2.1 525 000 605 000
21320CAME4 21320CAMKE4 215 47 3 495 000 485 000
23024CAME4 | 23024CAMKE4 180 | 46 | 2 395 000 525 000

’ 24024CAME4 | 24024CAMK30E4 180 | 60 | 2 480 000 680 000
23124CAME4 23124CAMKE4 120 200 62 2 580 000 720 000
24124CAME4 | 24124CAMK30E4 200 | 80 | 2 695 000 905 000
23224CAME4 23224CAMKE4 215 76 2.1 790 000 970 000

bd 23028CAME4 23028CAMKE4 210 53 2 525 000 715 000
24028CAME4 | 24028CAMK30E4 210 | 69 | 2 635 000 905 000
23128CAME4 | 23128CAMKE4 225 | 68 | 2.1 725 000 945 000

1 24128CAME4 24128CAMKS30E4 140 225 85 2.1 835 000 1160 000
22228CAME4 | 22228CAMKE4 250 | 68 | 3 835 000 945 000
23228CAME4 | 23228CAMKE4 250 | 88 | 3 1040000 | 1300 000
22328CAME4 22328CAMKE4 300 102 4 1450 000 1590 000
23030CAME4 | 23030CAMKE4 225 | 56 | 2.1 590 000 815 000
24030CAME4 | 24030CAMK30E4 225 | 75 | 2.1 740000 | 1090 000
23130CAME4 23130CAMKE4 250 80 2.1 905 000 1180 000
24130CAME4 | 24130CAMK30E4 | 150 | 250 | 100 | 2.1 1070000 | 1450 000
22230CAME4 | 22230CAMKE4 270 | 73 | 3 955000 | 1120000
23230CAME4 23230CAMKE4 270 96 3 1220 000 1560 000
22330CAME4 | 22330CAMKE4 320 | 108 | 4 1530000 | 1690 000
23932CAME4 | 23932CAMKE4 220 | 45 | 2 450 000 675 000
23032CAME4 23032CAMKE4 240 60 2.1 675 000 955 000
24032CAME4 | 24032CAMK30E4 240 | 80 | 21 845000 | 1260000
23132CAME4 | 23132CAMKE4 160|270 | 86 | 21 1070000 | 1400 000
24132CAME4 24132CAMKS30E4 270 109 2.1 1240 000 1670 000
22232CAME4 22232CAMKE4 290 80 3 1140 000 1320 000
23232CAME4 | 23232CAMKE4 290 | 104 | 3 1370000 | 1770 000
22332CAME4 22332CAMKE4 340 114 4 1700 000 1900 000
23936CAME4 | 23936CAMKE4 250 | 52 | 2 590 000 890 000
23036CAME4 | 23036CAMKE4 280 | 74 | 2.1 935000 | 1270000
24036CAME4 24036CAMK30E4 280 100 2.1 1210 000 1750 000
23136CAME4 | 23136CAMKE4 g0 | 300 | %6 [ 3 1320000 | 1760000
24136CAME4 | 24136CAMK30E4 300 | 118 | 3 1490000 | 2040 000
22236CAME4 22236CAMKE4 320 86 4 1280 000 1540 000
23236CAME4 23236CAMKE4 320 112 4 1620 000 2110 000
22336CAME4 | 22336CAMKE4 380 | 126 | 4 2170000 | 2340000
23940CAME4 23940CAMKE4 280 60 2.1 710 000 1 060 000
23040CAME4 | 23040CAMKE4 310 | 82 | 21 1180000 | 1700000
24040CAME4 | 24040CAMK30E4 310 | 109 | 2.1 1420000 | 2120 000
23140CAME4 23140CAMKE4 200 340 112 3 1700 000 2 330 000
24140CAME4 | 24140CAMK30E4 340 | 140 | 3 1960000 | 2660 000
22240CAME4 | 22240CAMKE4 360 | 98 | 4 1620000 | 2010000
23240CAME4 23240CAMKE4 360 128 4 2 070 000 2 750 000
23944CAME4 23944CAMKE4 300 60 2.1 785 000 1240 000
23044CAME4 | 23044CAMKE4 340 | 90 | 3 1360000 | 1980 000
24044CAME4 24044CAMKS0E4 340 118 3 1 640 000 2 490 000
23144CAME4 23144CAMKE4 220 370 120 4 1960 000 2 710 000
24144CAME4 24144CAMK30E4 370 150 4 2 250 000 3200 000
22244CAME4 | 22244CAMKE4 400 | 108 | 4 1960000 | 2430000
23244CAME4 23244CAMKE4 400 144 4 2 520 000 3400 000
23948CAME4 | 23948CAMKE4 320 | 60 | 2.1 795000 | 1300000
23048CAME4 23048CAMKE4 360 92 3 1450 000 2 140 000
24048CAME4 24048CAMKSB0E4 240 360 118 3 1730 000 2 730 000
23148CAME4 | 23148CAMKE4 400 | 128 | 4 2230000 | 3100000
24148CAME4 24148CAMKS0E4 400 160 4 2 660 000 3800 000
23952CAME4 23952CAMKE4 260 360 75 2.1 1170 000 1870 000

AR AKIE, ERAR 95 mm ~ 260 mm DFEETY U —XEUIcRBED—EZARE U TR LICBEDTHS.
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Energy-Saving HALFRICTION Ball Bearings for High-Efficiency Motors
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Fig. 1 Motor trend toward greater efficiency
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Photo 1 Energy-saving HALFRICTION Ball Bearings for
high-efficiency motors
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Table 1 Series deployment of the energy-saving HALFRICTION Ball Bearings for high-efficiency motors

EFEIE (mm) EFEIE (mm)

ANGES HLE ] ANES S B

6200A50 10 30 9 6300A50 10 35 11
6201A5B0 12 32 10 6301AbB0 12 37 12
6202A50 15 35 11 6302A50 15 42 13
6203A50 17 40 12 6303A50 17 47 14
6204A50 20 47 14 6304A50 20 52 15
6205A50 25 52 15 6305A50 25 62 17
6206A50 30 62 16 6306A50 30 72 19
6207A50 35 72 17 6307A50 35 80 21
6208A50 40 80 18 6308A50 40 90 23
6209A50 45 85 19 6309A50 45 100 25
6210A50 50 90 20 6310A50 50 110 27
6211A50 55 100 21 6311A50 55 120 29
6212A50 60 110 22 6312A50 60 130 31
6313A50 65 140 33

6314A50 70 150 35

6315A50 75 160 37

6316A50 80 170 39
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High-Performance, Shielded Double-Row Angular Contact Ball Bearings for Industrial Water Pumps
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Photo 1 High-performance, shielded double-row
angular contact ball bearings for indus-
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(3) R RESEHEZIK
SEPEZEEOHRAICKD, &S 150 T
FCEAFREE L, SRERROERME EICE
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2. IR
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V7w IUR(ERT).
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Table 1 Dimensions and basic load ratings
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Fig. 3 Comparison of permissible axial
load for a standard bearing and
the newly developed bearing

FETHE (mm) EATREE (N)
FUES Py o1 & BIEiEHE BEEEE
d D B C Cor
3305F7Z 25 62 25.4 30 500 20 400
3306F7Z 30 72 30.2 39 500 27 300
3307F7Z 35 80 34.9 49 500 35 000
3308F7Z 40 90 36.5 60 500 44,000
3309F77 45 100 39.7 66 500 49 500
3310FZZ 50 110 44.4 85 500 64 500
3311FZZ 55 120 49.2 106 000 82 000
3312F77 60 130 54.0 122 000 95 500
3313F77 65 140 58.7 138 000 109 000
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NSKROBUST Series Type E of Angular Contact Ball Bearings for Machine Tools
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Photo 1 Type E of the NSKROBUST Series
of angular contact ball bearings for
machine tools
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O/8R b U—X BER20
BNR29 30 ~ 140
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ONR RV U—X BAR10 | 30
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Fig. 4 Test results of seizure resistance
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SPACEA Series — Highly Corrosion Resistant & High-Hardness Stainless Steel, ESZ Bearings
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Fig. 1 ESZ bearings made from highly corrosion resistant, high-hardness stainless steel (deep
groove ball bearing type)
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(aligning-ring type)

68  NSK Technical Journal No. 686 (2013)



NSK

BAFEES
(ESZ3f)

RS

sz 6001
ERENZ CE] CFr=120N, Fa=15N
(suss3o) I '° B3RS | 800 min~

RiE L Kep

0 5 10
& o b

B3 MmMAEBRER
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Table 1 Boundary dimensions of ESZ bearings made from highly corrosion resistant, high-hardness stainless steel

BHEIAT 847 mm DR ESA T 847 mm
_ FEhE _ FEDE

EAES P i 5 EAES WE BOBINE 18
6000 0 26 8 CD200 10 35 9
6200 30 9 CD201 12 37 10
6001 0 28 8 CD202 15 40 11
6201 32 10 CD203 17 46 12
6002 5 32 9 CD204 20 54 14
6202 35 11 CD205 25 60 15
6003 5 35 10 CD206 30 72 16
6203 40 12
6004 20 42 12
6204 47 14
6005 - 47 12
6205 52 15
6006 20 55 13
6206 62 16
6007 a5 62 14
6207 72 17
6008 68 15
6208 40 80 18
6009 75 16
6209 45 85 19
6010 80 16
6210 80 90 20
6011 90 18
6211 55 100 21
6012 95 18
6212 60 110 22

NSK Techwical Journal No. 686 (2013)

69



NSK

=]
&

NATUy RA—@ITE—5H BERE - KEEH

Ultrahigh-Speed, Large-Diameter Ball Bearing for Hybrid Car Motors
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Photo 1 Ultrahigh-speed, large-diameter ball bearing
for hybrid car motors
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Fig. 1 Cross-section view of newly developed bearing
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Fig. 2 High-speed test results of a conventional bearing and the newly developed bearing
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Highly Reliable, Lower Frictional Torque Ball Bearings for Belt CVTs
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Fig. 1 Characteristics of the newly developed bearing
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Fig. 2 Durability test results of current bearing and newly developed bearing
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Fig. 3 Relationship between oil quantity and torque
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Quiet-Running Needle Roller Bearing for Automotive Electrical Components
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Photo 1 Quiet-Running Needle Roller Bearings for
automotive electrical components
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Fig. 2 Rolling area of the roller under conditions of a
large tilt
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Automotive Transmission Thrust Needle Roller Bearings with Integrated Washer and Qil-Flow Control
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HMS Series of Ball Screws for High-Speed Machine Tools
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Table 1 Series lineup
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ZFRC4010 — 10 20 10 52 000 137 000 40
ZFRC4012 — 10 12 61 000 155 000 48
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Miniature Large-Lead Series of High-Speed, Low-Noise Ball Screws
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Photo 1 Miniature Large-Lead Series of high-speed,
low-noise ball screws
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Table 1 Ball screw nut specifications of Miniature Large-Lead Series
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Precision-Grade, Medium-Preload, Random-Matching NSK Linear Guides
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Photo 1 Precision-grade, medium-preload, random-
matching NSK Linear Guides
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Table 1 Lineup of random-matching types
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Fig. 3 Slider models of random-matching types
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Random-Matching, Miniature PU and PE Series of NSK Linear Guides
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Table 1 Accuracy standards of miniature PU and PE series
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Table 2 Product lineup of miniature PU and PE series
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Examples of miniature PU and PE series nomenclatures
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Highly Durable, Highly Rigid, Slidable Intermediate Shaft for EPS
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Wedge Gear of New Positive-Lock Mechanism for Steering Column
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Photo 2 Gear lever and V-gear for the
Wedge Gear of the new positive-
lock mechanism
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MEGAPOSITIONER of Highly Rigid, Ultralarge-Output-Torque, Rotary Positioning Units
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BE1 silE - 8XNLY - @EaEROIZ Y b "AHKR
I g™
Photo 1 Megapositioner of highly rigid, ultralarge-
output-torque, rotary positioning units

R ZHADENE D LT, BRUABERDIE
B+ 5 W (AIBRDIER LR ZRTE L. B2,
0% 1 B35 C EDNERDBEDAEERZ
Y.

(3) IV IT MED Bt & ROERARZE) Ve @iz
AMEEE 222 mm (SR6 ¥U—X) @)
I NEBRTHA U THDENS, FEE—XY
NME'E 9 000 N-m (E—X Y hE—EER) &
SHtZEIRUC. 512, REDEEPERD
WOEUZEZICT HIcs, BEERDHDERICK
OROHRZENZRIFTTND.

15

(3

{
%

—15
0 180 360

HAEEAE, ©(F)
B2 H7E 1 EERC EDMBROIFE

Fig. 2 Positioning accuracy per 1 revolution of out-
put shaft
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XHINIZ 37 SREY

TMEIAXBES

BRARHEA LT [N-m]
(HENT M10*2K )

B3 XARIYY3IFHUES

RSAT1-y MRS
EO1 : #R#EDC
CO1 : CC-Linkft#kEDC

MEEREHEES
FNOO1 : %1k, FNOO2 : [UBRDIEE (Lhk

Fig. 3 Example of a Megapositioner nomenclature

(4) FSATIAZw MIXA MV E—5ZERA

O bO—SHEEZANB UTEAX D MLIE—S

ERSATAZY MIERALTWVS. CDfed

M EIFPEREE XA MLIE—Y EB UERW

4, FLH

SO UTEXARI Y 371, BHCEEZRBL

TV, SBEZHEI—TOEKRICHZ SNDORM

TEMTES. DEFEEHTLIL.
3. BFUBSEFRE

XARID 3 S OFUESZE 3 (C, TikZER1
[CTRT.
K1 XARIYaFHRK
Table 1 Specifications of Megapositioners

HEFOUES

MAEIEE (#4£) | XY-SR4500FN0OOT | XY-SR4500FN002 | XY-SR620HFNOO1T | XY-SR620HFN0O02
BAREFI LI IN - m] 500 1960
EREFI LT IN - m] 80 520
REOEmEE [s7] 0.42 0.21
EROEmEE  [s7] 0.25 0.04
BOREL 20 24
EEnIERE ER D #REE [E,/[B1%6] 52 428 800 62 914 560
e fEROEE [ (7)) 60 40 60 40
BRUMIBERDEE [ ()] +15 +5 +15 +5
B ERI [um] 10
e+ )UEE [N] 11 600 32700
AT YTIVEE [N] 10 200 28 900
FAE— XV MIE [N - m] 820 2770
HREFBUTE—X> kg -m? 200 700
g8 [kgl 100 240
RIRSM EERE 5 T~ 40T, J2E 20 % ~ 80 %. ENEMA. Bk #% BEUHREFLET L.
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PX Series of High-Acceleration MEGATORQUE MOTOR

I, AN— b7 UPRE TV OFZEIKICES|
SN, RE, B8 BELERT I ZHNIC LED
(Light Emitting Diode) & DEFEBmODERESE
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feFELEBEDOD FZB1E U "SIRRXA A MUY
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X, KXY EEYDERBEICH U T PN =X
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ITFEQBFEROEELKICIFNL, BEFEOE®E
AIBROICHEUE PXYU=X" 725142 F v TU
r(E1).

2. B

(1) BIERIC KD AIB R DIEHE
E—5DOO—9FEZ/NS<IR, SHBICH

(2)

3

BE1 XAMNVIE—IMPXIU—-X"
Photo 1 PX series of Megatorque Motor

HAEEBRERE L ET, HAMNVISEL
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S
2 E D DRSS LIC LD IREFBEDmE

057 — 7 )LDIRE) ZHHI T S 1csh, #ZED
DEEZERIELTVD. Ffe, Hh#EmZRES
BBHE, E—YRAICLDOERT—T/VOEE
ENDFE(CRERE U
OVIND NgT A XEREFFZER

PX3 BUFHNET A X%Z ¢ 160 mm &L, TiTY
U—XHhoOBEFMAICEEEUE. Fe, ¢35 mm
DA, WiE/ Z)VDEEESERD
HERDTAD.

PST—X PN U—X
I\RERE SBRIRK LD
PR BN X1 - EEDOEERE
PXS —2X R A
— - g A N DRI
S EEEEDD |
BamOERE

B1 XABLITE—IDOBE@ER

Fig. 1 Product portfolio of Megatorque Motors
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PX3050 &4
sAESI LD SB0N - m
O—%18HE—X>/ 1 0.0028 kg - m?
PS3060 £
BAEI LY ©60N - m

O—%EMHE—X>2 N :0.019kg - m?

B2 PX30502#u& PS3060 BUDHE
Fig. 2 Comparison of PX3050 and PS3060

UBRDHEBRDERZRK 2, B3 (TRT. FERIFER
& (BHEE—X> 5 0.005 kg - m*) Z PX3050 &
FVU=X)ICEEL, fIEROABEF 15 EE LT,
& & LT PS3060 2 (BT U—X) ThREEEZ
Tofc. ME—FDOO—FEUHE—X2NEIE2I(C
~UTWD.

3[CRTEBD, EEIMEEIF 32052 15
770 s [CALETE, UBRDHEEIE 29.8 ms h'H
19.6 ms FCEMBSN/c. BEEFDOABERDICHSL
T PX E—YDEMUMEDNREINTND

3. AR

LED ¥ IC FEEBFEmDREIETIF/NY S L&
WO BEEREERREDNAVNSN TS, ZOHT,
S v bARIE, BHORETREZRITRICEEL,
O#r T — 7L CTEm (BIRENR) DIEZ{T D BD%Z
BT (R 4).

OO TIFEMIA > T v ARV SNEH, Sl
R(E EMUEBROIBEDOEI NN T, XD ML
E—INDETHAREDEACVS. FAICHIED
AI=Ty MOSA VREROG) L, REREDG L,
ERIREDRFTSNTND.

4, FLH

ABNIVOE—FIF, BBEEZXICHIT DMK
NDEEFHZERYIDC, FEFRREKEERDRAIL,
CD P DVD FEXT 4 PERDER EVDTERETR
EERELDRNZERICIER CRRZHIT CE.

IE, R7IT7HEN LED IF EBFEmEED—
AERIMEEDDDHD, LADEEC, LDOEL, &
BEFOEG#EEZRESEHFERELT, Y4 LT b
RSATE-YEREEEEZBOTVND.

BRRMF

EHamEEEE—X> b £ 0.005 kg - m?

MIBERDEE 1157 (&)

BEE : PCD 250 mmI[CT£0.12 mm

, fIBROHEEE © 19.6 ms,
'4_ 'l

||| e
SRS 29 ms| J0) B
B
¢1.5 s7'/div|
A REES
IR | 7705 s EEE
(a) PX3050 BUE—4DAIERDHER
. ATERDHESE : 29.8 ms
NIERD
) RTIES
TR © 4.8 ms
BEESEE: [ {
457! {
L1 ! REED
M\ |
—//, - e CERRE
EERNERE 320 s72 ! 4 ms/div] |

(b) PS3060 BVE—5 DAIBERDIER
3 BE&EfElcSITS PX3050 2iE PS3060 ZUDMER
SENEDLER

Fig. 3 Comparison of positioning times of PX3050
and PS3060 under light loads

4 YLy hARD/I\Y SRS
Fig. 4 Turret-type test handler system

AN—b T 7 UPRBT VEREDEEBEFES
ERRIITTVS. Zik(ET D —XZREDIENS PX
VU—=X" ZEET BT, INSDEEXDMERZE
TTHOZA TVELL.

1) NEBE, KHRE "HEFEEEXH NV E-YDORRONT. TL
THISHANECDWT, BRI S ROY—, 303 (2012. 11) 25-27.
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