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Electromagnetic clutch (material: steel)
Outer plate
Micro groove

Main clutch Electromagnetic
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- " al
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| — Lattice groove

Electromagnetic coil
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Friction coefficient u
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Sliding velocity [m/s]
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5 0.95 ® )
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Durability cycle [ x 105 cycles]
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Appearance Conventional New technology

Inner plate

W/O crowning

With crowning

Crowning: Macroscopic profile
in the order of tens of um

M6 A VFFL—hERERRY

Generation of hydraulic
reaction force

Moving direction -

Outer plate

Crowning
amount

= Flow of
''''''' lubricant
Groove

Increase in clutch
plate clearance

- Moving direction

M7 I59=V71C&kBBETY MULIERADZXLY

Inner plate

20 ‘ ‘ ‘
* |  When not applying current
[ Temperature: -40°C
§ 16 [ Rotational speed: 0-300min-'
o
-
=
s 12 Q-
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S T
§ 8 —@]
t \%‘
o
8‘ 4 | *1:Drag torque of ITCC at -40°C compared ——
nh_ | to drag torque of conventional at 50°C
. I

Crowning amount
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§ *2 : Drag torque of ITCC at each
o \ temperature compared to
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Ty=T +T, 6

&, WERNZER IR ERE, T)V—F
DY AMHEIUC X 2 FIABEERZ T o i s k— 2
IVEER 2 REt LTe.

Microscopic sliding surface profile in the order of several um
F,: Pressing force

ion force P L% ¢ M: Viscosity of

lubricant

1 h : Clutch plate
clearance

!
‘Inner plate T

Total boundary friction force = Solid friction force + Fluid shear force

H10 #MRHNLp SEERICHT B IEREEOFHIHE”

F,: Pressing force

Outer plate

T
Inner plate

T,: Total 3
torque 1'
fl(

Y
r:ﬁ/'
0 (X)

y
Z('r)J/'
X (6)

®11 Z|WHISvFOEEERRETILY

Appearance Conventional

| o) A

| Expansion of Micro groove pitch |

New technology

Outer plate

Micro groove: Microscopic profile
in the order of several ym

®12 799 L— NRERRY

80
e 70
9
-;- 60 ¢
g 50 Experiment —MM—
S 40
©
S 30 N —
g 20 Solid line: Calculation
S
5 10 e/
S 0 \.\
© 10 *3:Change in torque at
" -40°C compared to 50°C 0
-20 L L L

Micro groove pitch of outer plate
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When applying constant current

40
rywwe_, Conventional
20 T \\e

o ——

0 \ \ ——
~ New technology

*4:Change in torque at each |
temperature compared to 50°C

T ——

Rate of torque change [%] ™

-20

-40
40 20 0 20 40 60 80

Temperature [°C]
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characterization of diamond-like carbon coatings with

EMEEMER 7 Ty FERAVE 3 HAEFHEAWD
hoy T U LY OB % JTEKT ENGINEERING
JOURNAL, No. 1011, p. 19-24 (2013)
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deposition, Surf. Coat. Technol., Vol. 47, p 710 (1991) 46-48 (1998)
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An Instantaneous Acceleration-besed Model of
Unsteady Laminar Friction Loss in Gas Pipeline

Mitsuhiro NAKAO

The modeling of unsteady friction loss in gas pipeline has been studied to improve their accuracy and efficiency because
of its importance such as in gas transmission lines and pneumatic control systems. The computation of unsteady friction
loss in liquid pipeline is most efficiently and most easily by using the instantaneous acceleration-based (IAB) model.
However, IAB model has been derived only in case of liquid pipeline. This paper presents a new equation of the unsteady
laminar friction loss in gas pipeline developed by expanding the concept of IAB model to gas pipeline. In general, the
unsteady friction loss in gas pipelines is greater than that in liquid pipelines due to the damping effect of the energy
equation. The author therefore showed how to take into account the energy equation in the present IAB model. A
characteristic solution for unsteady pipe flow is described in which the present IAB model is used to predict unsteady
friction loss. Comparisons of numerical test results with measured data from the laboratory experiments and analytical
solution by using the high speed and accurate computing method showed excellent agreement. The empirical constants in
which the present model includes could be determined by using the approximate curves described in this paper. It was
also demonstrated that the developed method requires less computation time and computation memory compared with the
high speed and accurate computing method.

Key words : Unsteady friction, Pipeline, Transient response, Simulation, Instantaneous acceleration-based model
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Simultaneous Measurement of Sliding-Part Temperature and
Clearance Shape of A Slipper Used in Swashplate Type Axial Piston Motors

Toshiharu KAZAMA, Motoshi SUZUKI, Kenta SUZUK],
Yukihito NARITA, Shigeyuki SAKURAI

A test rig of slippers of swashplate type axial piston motors and pumps was manufactured, in which the clearance shapes
between the slipper and the rotating disk and temperature distributions of the slipper pad were measured simultaneously.
The sliding surface diameter of the test slipper was 32mm; the test oil was hydraulic oil with VG46. The six contact-type
displacement sensors were set to determine the clearance shape and the four thermo-couples were embedded to assess the
pad temperature. The test conditions were: the supply pressure up to 35 MPa (load of 17 kN) , the rotational speed up to
267 s (sliding speed of 9.2 m/s)

conclusions, i) At higher pressure and lower speed conditions, the clearance became small, while the pad inclination and

. and the oil temperature at 30 to 50°C (kinematic viscosity of 66.7 to 359 mm?/s). In

azimuth less changed; ii) The temperature of the slipper pad was high at the outer circumference-side edge, but it was
low at the leading edge; iii) Under the conditions of higher oil temperature, higher pressure, and higher speed, the location
of the high temperature part moved to the trailing edge, and iv) As the supply pressure and rotational speed increased,
the temperature of the slipper pad increased.

Key words : Tribology, Hydraulics, Motor, Pump, Measurement, Slipper, Piston, Lubrication, Temperature, Clearance
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