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Abstract

Oil dampers are indispensable devices for vibration suppression, but their nonlinear behavior makes it difficult to
theoretically determine their damping characteristics. For that reason, the damping coefficient for oil dampers has
conventionally been handled by introducing an experimentally determined constant into theoretical equations. In other
words, the characterization of oil dampers has ultimately relied on experimentation. Fortunately, if the damping oil is
a Newtonian fluid, the Navier-Stokes equations are able to accurately describe its movement. In our previous study,
the Navier-Stokes equations were solved using the finite difference method and the damping coefficient was accurately
calculated for an annular-channel-type oil damper. In this paper, we report the damping and added mass characteristics of
the commonly used oil dampers, the piston-hole-type and bypass-pipe-type dampers, obtained using the finite difference
method as in the previous report. The most basic design formula indicates that the damping coefficients for these dampers
are the same when the flow paths are equal in length; however, it was demonstrated in this study that the damping
characteristics of these dampers differ greatly depending on the shape of the convective vortex generated in the cylinder.
The immersed boundary method was used in the present numerical analysis because the boundary of the fluid to be
analyzed is surrounded by fixed and moving walls.

Key Words : Oil Damper, Shock Absorber, Piston-Hole-Type Oil Damper, Bypass-Pipe-Type Oil Damper,
Computational Fluid Dynamics, Finite Difference Method, Immersed Boundary Method
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(a) Annular-channel-type (b) Piston-hole-type (c) Bypass-pipe-type

Fig. 1: Three typical types of oil dampers
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(a) Piston-hole-type oil damper (b) Bypass-pipe-type oil damper

Fig. 2: Analytical models of oil dampers for our numerical calculation
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Fig. 3: Diagram of grid division including moving piston wall
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Fig. 4: Comparison of exact and numerical solutions in Hagen-Poiseuille flow

Table 1 Dimensions of the damper in Fig.1(b) Table 2 Dimensions of the damper in Fig.1(c)
d. 40 mm d; 40 mm
dp 40 mm dp 40 mm
d, 4 mm d, 4 mm
I, 80 mm I 80 mm
Iy 40 mm Iy 6 mm
Ny 200 Ty 200
ng 400 ng 400
ny 200 ny 200
100mm? /s I 30 mm
968kg/m? b 5mm

I HEDDERTHY, n FERKIREZTE2EA MO 1 HMDZ0O0EREERT. E550F 1 LKX VR
& A U RIERHAH W S, £ OERMMERE v L EE p OMENE 1IN T V5.

PRITREINT2T AN TORITERFREPREBIZE T 2Bl TH 0, EHRBOHED L & \WEIZ | JEIIRTO4E
EDED 1% L LT,

61 YUY REETIOT74—ILEENDHEH

M5& 6% M20) ICRENEZEANVABAALZT L UIBEWT, VAN YHIRIE o =2.1 mm, IR
f=30Hz CIEERFLTWH L EZDHLBUICH T2 HET O T 4 —VEENHHERLZEDTHS. K51
DT, AN IEZOREFLOL S FIAIZM D > Tl x=a/2 ZOBE L ZBREZEITEY. 20L&
DEARMVEECHEDP > TRE LRV SBEL, FRIKREZ B2 S NiZHE»s TR TWS, EA b kI
AN VAL S DEFRIZE > TERI NN TFROGFAENRRDONE. AN VETAIZEWTH S NN TR
JARTO A VBN X > TR S NZHMOLEY TH S, UROZ 22 s, HOFLTIRENIMELS Lo T
BY, CAMVEIADY ) Y EHNENFZEA M VBEBEOIEL LD EE.

—%, B6IXECANYDZD EIAIZEEL 2B OEE T 7 4 =V ENRHERL TV, FARKOEM S
DOz, TOEBEMII U TEIIBTMMAPESL Z 222D, ZORIZBWTH, YA M VEHROED
OFEPRHENE VBT TIZEL BoT WA, 72, VAN UEBOENSENEL Kol izk b, WHLT
DEMETHRE VIR EZINTVS. FARKIZLT, K7 & 81, H20b) IZREN/INA NAERLT ANV
NIZBII2HEETO 7 4 —VEENRAERLTED, GHHEOXMGL YA N VEBOBREIZK S 8L 6 & 2<
MU ThHD. EROEHONR ) XAEEZH D Z P oMOFERNPEA N VABA N X N2 Biro
TWBIZ DRSNS HFZ, AN VERTIIREIDOELRSZ3FEOWMIAIFEL TWEILAEDLN, ZH
5OMHMBRFHORE L I E RESBLIETWEZ B0 5.

[No0.20-11] Dynamics and Design Conference 2020 3&;&:/3C & (2020.9.1-4, KFx]



Copyright 2020

62 FAINYTVIADAALM ERADER

9a) 1&, IFNEH L FBEERELWINIZEE X N7z Voigt BUREIRIZBWT, A1 VXV RO A NV IZ/EM
TEHEM x() &, EREX U NENUTEBICEEI NS Fr OBGERLTWA. ZOREROERIZ, Eh
ER kDR IER (BEYD) LBERK cOXy YaRy b (BEYD)IZX > THEEHERE Lick/FIh, Eikl
Zhix(t) =asinot 2% 5235, U {=c/(2Vmk) TEHEINDROBHELAEL D THNE, x/a & Fr DM
RIZAEERY DEETHRRE NS A, BEL 0B aTaidiug, AHEDBERIREMO LS ICEREOL 25
) ¥ AR E < (2 ORITIRIIRREI o 133O MEEEA AR 0, = /k/m IZELWE LTW5). 20k
FRPOIENREMWMORL &, BHOMEEIZEOILR5D, BLIDOX Yy Y a Ry b2 KEX my OFINEENR %
FROoX U RTESHBINE, AN AHEAT2H D) L ¥ A NV EMOBEFRIEFER (b) DX S5ITH T D
FEMIZ2 2 (ZOMTIE maw®* =1 £ LTW5).

Pressure [-]

E3.05+02

—225

Velocity [-]

E1.5e+01

=11.303

T

7.5357 150

3.7678

AR R R RARRAY

mhmlm”mu

0.0e+00

20.0e+00

L

(a) Velocity profile (b) Pressure distribution

Fig. 5: Velocity and pressure of the piston-hole-type oil damper at a deceleration stage (f = 30Hz, a =2.1mm,x = a/2)

Pressure [-]

Velocity [] 4.0e+02

1.5e+01

IITM

a4

=300

E

211.303 E
§7.5357 E:200
—23.7678 —5100
20.0e+00 E0.Oe+00

(a) Velocity profile (b) Pressure distribution

Fig. 6: Velocity and pressure of the piston-hole-type oil damper at the top dead center (f = 30Hz, a =2.1 mm,x = a)
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Fig. 7: Velocity and pressure of the bypass-pipe-type oil damper at a deceleration stage (f = 30Hz, a =2.1mm,x = a/2)
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Fig. 8: Velocity and pressure of the bypass-pipe-type oil damper at the top dead center (f =30Hz, a =2.1mm,x = a)
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Fig. 9: Load-displacement curves of a SDOF system and an oil damper subjected to a harmonic motion
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Fig. 10: Drag force acting on a piston moving at a frequency of 5 Hz
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Fig. 11: Drag force acting on a piston moving at a frequency of 30 Hz
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Fig. 12: Damping coefficient of the oil dampers for various vibration amplitudes
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Fig. 13: Added mass of the oil dampers for various vibration amplitudes
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