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Separation and Elimination of Air Bubbles from Hydraulic Fluids
Sayako SAKAMA”", Yutaka TANAKA", Ryushi SUZUKI™

Hydraulic fluids typically become aerated during use. Air bubbles entrained in hydraulic fluids cause
numerous problems in hydraulic systems. Active bubble elimination devices that use swirl flow capable of
separating and eliminating air bubble from the hydraulic fluid have been proposed and developed by
researchers in our Smart & Clean Hydraulic Project. In this paper, we provide a brief description of the air
bubble separation and elimination system and describe its principle of operation when installed in a hydraulic
circuit to physically remove air bubbles from the hydraulic working fluid. This study investigates the high
performance of the air bubble separation and elimination system, using experimental flow visualizations and
numerical simulations of the device. The bubble removal system can be used to mechanically remove air
bubbles from hydraulic fluids; this offers advantages such as the possibility of smaller reservoir sizes and

lower overall system cost.
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Fig.1 Air bubble separation and elimination system
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Fig.2 Geometry of bubble eliminator

Table 1 Dimensions of bubble eliminator
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Performance Improvement of Hydraulic Systems with Bubble Elimination
Yutaka TANAKA”, Sayako SAKAMA”, Hiroyuki GOTO™, Ryushi SUZUKI™

A certain amount of air bubble is always present in a hydraulic fluid. Air bubbles entrained in hydraulic fluids
cause numerous problems, such as the acceleration of oil degradation, decrease in lubricity, reduction in
thermal conductivity, cavitation erosion, and higher noise emissions. Air bubbles in working hydraulic fluids
must be actively separated and eliminated to realize performance improvement of hydraulic systems. Active
bubble elimination devices that use swirl flow capable of separating and eliminating air bubble from the
hydraulic fluid have been proposed and developed by researchers in our Smart & Clean Hydraulic Project. In
this paper, the improvement of oil aging, oil temperature rise, effective bulk modulus and cavitation erosion
are experimentally investigated in our laboratory’s test. The bubble removal in the oil is essential to the
prevention of oil deterioration, temperature rise, cavitation erosion and reduced oil rigidity.

Key Words: Air bubble, Bubble elimination, Cavitation erosion, Hydraulic systems, Oil degradation
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Fig. 1 Change of total acid number in pump test.
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Measurement of Effective Bulk Modulus for Hydraulic Fluid with Entrained Air
Hiroyuki GOTO", Sayako SAKAMA™, Yutaka TANAKA™

Hydraulic fluids typically become aerated during use. Aeration strongly influences the bulk modulus of
hydraulic fluid because air is significantly more compressible than oil. Entrained air in the form of bubbles
reduces the effective bulk modulus. Air bubbles in working fluids must be actively separated and eliminated to
realize performance improvement of hydraulic systems. Active bubble elimination devices that use swirl flow
capable of separating and eliminating air bubble from the hydraulic fluid have been proposed and developed
by researchers in our Smart & Clean Hydraulic Project. In this paper, we focus on the relation between the
change in bulk modulus and the elimination of bubbles from hydraulic fluid. We conclude that the change in
bulk modulus of the bubble-eliminated oil influences system performance with respect to positioning, power

loss, response time, and stability in the hydraulic system.

Key Words: Air bubble, Bubble elimination, Effective bulk modulus, Hydraulic systems, Tangent bulk modulus
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Design of Advanced Mechatronics by Functional Fluid Power

Yutaka TANAKA", Haruka KANBE", Naoyuki HAYASHIDA"
Shinichi YOKOTA™, Kazuya EDAMURA™

A fluid power actuation has a great potential to realize simple, miniaturized and high-powered actuation
system. Our research aims at the establishment of design and fabrication to perform miniaturization, high
accumulation and high densification by integrating micro fluid power actuation system using high-powered
micro robots. A pumping function generating fluid power is considered to be one of the most important
elements in the fluid power actuation system. Electro-Conjugate Fluid, ECF can directly convert electric
energy into kinetic energy of the fluid without mechanical moving parts. Prototype models of high-powered
and miniaturized micro pump module using the ECF for micro fluid power actuation systems are fabricated
and experimentally investigated. New shape and arrangement of electrodes is proposed and fabricated to
miniaturize the high-powered micro ECF micro pump.

Key Words: ECF, Electrodes, Functional Fluid, Fluid Power Actuation, Micro Pump
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Research on Industrial Applications of Parallel Kinematics Mechanism

Yutaka TANAKA”", Kohei WATANABE", Ryoto MARUYAMA”
Saori SETOGUCH]I", Hiroyuki GOTO™

Spatial parallel mechanism has been widely used to realize rigidity, high accuracy, multi-degrees-of-freedom
and complicated motion in application of industrial fields such as machine tools, coordinate measuring systems,
robot manipulators and motion simulators. In our project team innovative machine tolls based on the parallel
mechanism have been proposed and developed to fabricate flexible shape of tubes or evaluate anisotropic
materials. Motion simulators based on tripod parallel mechanisms has been also proposed and developed to
realize six-degrees-of-freedom for compact motion platforms. In this paper we introduce to apply the parallel
kinematics mechanism to concept design of the innovative machine.

Key Words: Material testing machine, Motion simulator, Parallel kinematics mechanism, Tube bending machine

1. [FC®HIC

RT LIV AT =X NPKMYIE, BEEORE) T 7 F
2T —HEZT_XCWINCEET S Z & CHERAH
EEEDL) B THD. ZoEBEL,
R 7 =7 XA EEEOT 7 F 2 o—H CTHRIEBERICEK
FLTWLZ LN, Uo7 OEERORE « 247
BENENENDEEDE L 72 5720, U 7%
AR CTRIENEIR IS 72 5 DD, U v 7 1
RN NT N CERBEREEHE A FHR TE S
Rl ER-> TS, ZH LIERREENL, iRy
RS E IR & T S,
EERZEEEA I ha T A UAEE T, (—
) BEARIR B AN TR . (BR) st B/ E T
H DS AT NS, BB R PR
E—a R o L—ZEEET R & & 3R,
PKM Z i U 7ok % 72 pEEREMEE & O AP 78R 58 %
1ToTWA. AR TIE PKM Z Wiz 3o Zilnsn
THE Z HmEMEEEE, MEZ7 74 b ol
— ZAEE(ZOWNTHIN T 5.

2. /A T NITHE
Fig.l (ZBAZE L7 A ZHIIN TR © Z2oRd.
£ 6 B HE PKM OB EEENC I8 2 A ZA0NERE S
n, EEXA AL OMXERHCEY, HLHIh:
NA TOEEOMITINTEZER L TWS, A 7D

* TEBORSE R EEBE Sty 1y LA R ZE AT

o EHRET YA TS AT AT YA R

(T102 - 8160 H A T H X E £ 2-17-1)
(E-mail: y_tanaka@hosei.ac.jp)

o BERAR B i S BRI SE T

(T7203-0042 HUFHBHUARE KT UIEHT 1-1-12)

*, ** Hosei University

** Japan Society for the Promotion of Machine Industry

TR, A TR LH SN DEEICRET,
[EE « AN A AT OBREEE A PKM il
LT EICEVELND.

3. ZEHEMHRE
Fig.2 IZBAFE L= Z B HEM BB CH L. 1@
W O—JF 5 BEM BB O~y REIZ 6 HHRE
PKM Z&RiE L, ZAHEOEAGMEL 525 2 LM
TEDNEENDOANATY v NHIEFEEZEAL,
KR & R BTSSRI LT R B N LT & 5.

Fixed die

Maobile die Pusher madule

Servo valve

WA

1 NAWRCR > amp
\ Potentiometer
o om

Fig.1 Versatile bending machine

Fig.2 Schematic structure of the proposed material
testing system

- 15 -



4. IMETSA R TaL—2KE

kD754 R al—FT A7 AOEKKH
A[E A7 — 120, Stewart-Gough 2 PKM 23 A < H
WHENTWA. L2rLZ D PKM 1L KT Cak i i
WIEL, T Faxm—HBHENAT %K 2 DI
EC, AENAEERIFAA NS <, o RO R
7o IEOEEE) 2 AR T DT T RBRMLETH - 7.

WFZER TRk D PKM (28, 77 Fao—
X H T T hAEmICEE L7z 3 PKM ZBH%E L,
IHETZIA M 2 L—FDOAENZAT— I
THZLEAEBERLTNS 2. Fig3 & Figd 22 >0
2 A 7D 3 PKM ORI A~ Wiy Al
AT —VNEFEY 3 A > b CTHEER OB O—5 T
fe S, MIEITERE Y 2 A > &R LR LA E
T L7/ Faxz—F LI TS, Fig.3 DF
L AR IRy TARATREE 1l ey ey gV SV DY Bl [ 2952
] &R T OEE T, Figd OIS Lz
XY ST OHEE TH S, Z D 3 PKM [ X3% & i
/NS, RERAEBENPGONDI/FEDRHD.
WLZERg OEBNRFE 2 R 9 5 7212, (RAEENMES
I 2 L—F R T A R O 22k 0 iES) 2 31
L 7. W2 ¥ 7 VI A 8 i @ King Air,
180 /i ™ Boeing737, 480 Jif; ™ Boeing747 % H\», X
A 7y MIEICBAREES S 2 L— 2 2 #E L T
B HUVRITT — Z ZINEE L7=. Fig.5 IXARENEY
a2 L—RIZEAFATT — X WNEDHE T Th 5. HiZE
BT T xS 2 IR SIS & AR S,
FATIEB) OIRE AT 5 B AT — 0D 6 HHE
REAEEH LT~ Table 1 I B2+ 5 27—
DIENE & FAEDIK » e/ NDIEZ RS, Z OREFEN
5, INEMZSEIEE AT — VDN E AENKE L
A ERbNS. FTEAT U OMAEIZBNTIT,
FRCAEE 6 DN K E <, JE2RD Stewart-Gough
JE PRM O I E)f FEGGPH ClX, /INEMZEM# O %8 %
F TR T E 7200,

5. BHYIZ
PKM % W= 3 7 N TR & 2 B R R
B, IMET7 T4 by 2 L—ZEEITOWVTH
N L7z SHIPKMIZ3D 7V v X DART— VR0~
RATERA~DOmEH 72 Efkx 2Ic AR HIRE SN S.

SEH

1 F, EHP, —W, T LA RS =R AE AT
TR XD EM O =W, AR V— RRT—
VAT NHEFHCEE, 415, 9 4 5(2010), pp.74-79

2) Y. Shiga, Y. Tanaka, H. Goto, H. Takeda, Design of Six
Degree-of-freedom Tripod Parallel Mechanism for Flight

Simulator, International Journal of Automation Technology,

Vol 5, No.5 (2011), pp. 715-721.

- 16 -

Motion Platform

Fig. 3 Rotational type of tripod parallel mechanism

Visual
System

Rotational Joint

Motion Platform

Fig. 5 Analysis of motion by pilot through visual system

Table 1 Maximum displacements and angles of motion

platform simulating the aircraft motions

King Air Boeing 737 Boeing 747
x -1.40 ~1.82m -0.17 ~1.84m -0.06 ~1.25m
y -0.25 ~0.48 m -0.14 ~0.08 m -0.04 ~0.04 m
z -1.03 ~0.67 m -4.59 ~1.58 m -0.64 ~1.23m
1) —-6.3 ~10.9 deg -5.6 ~2.8 deg —-2.1 ~2.3 deg
-36.3 ~26.7deg | —36.2 ~3.5deg | -23.7 ~1.8deg

) -1.5 ~1.7 deg -0.9 ~1.3 deg -1.0 ~0.9 deg






