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Valve spring design and load-cairying capacity evaluation of hydraulic snubbers

for supporting pipes through CFD simulations
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Abstract: Hydraulic snubbers used for supporting the pipes in plant structures can absorb shocks applied to the pipes under
normal loading conditions and in turn do not transmit any load to the structures. In contrast, under extreme dynamic loading
conditions, such as an earthquake-induced force, these snubbers secure the pipes and carry the load to the structures to reduce
pipe vibration. Because the operating behavior of these snubbers is governed by complex interactions of their various internal
components, a high technical skill is required for the sophisticated design of these snubbers. In this study, we first obtained a
full understanding of the overall structure of a hydraulic snubber and the operating principles of its control valves. We then
conducted computational fluid dynamics (CFD) simulations of hydraulic oil flow through the control valves by considering the
internal positions of the valve components under tension and compression of the snubber. Furthermore, based on the CFD re-
sults, the valve spring stiffness was designed to achieve the target performance, and the load-carrying capacity of the snubber
was evaluated under tensile and compressive conditions. We also discussed the effect of temperature-dependent viscosity of hy-
draulic oil on the load-carrying capacity of the snubber. This study provides a basis for the structural design of a hydraulic
snubber and the selection of hydraulic oil.
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Figure 3: Flow paths in an unlock-up state of control

valves: (a) between the tension and compression chambers

and (b) between the compression chamber and reservoir

il
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Figure 4: Flow paths in a lock-up state of a control valve

between the tension and compression chambers: (a) under

tensile loading and (b) under compressive loading

Figure S: Flow paths in a lock-up state of a control valve
between the compression chamber and reservoir under com-

pressive loading
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Figure 6: Velocity distribution through the control valve be-
tween the tension and compression chambers under com-
pressive (or tensile) loading: (a) in an unlock-up state and

(b) in a lock-up state
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Figure 7: Velocity distribution through the control valve be-
tween the compression chamber and reservoir under com-
pressive loading: (a) in an unlock-up state and (b) in a

lock-up state

(bysh 2ol Must A 9ol A A4 ANEE
=1 ek =300 m/s S YTHEORE GEA Zo|
_[_0101—03 ou:] xixc]—/ﬂ Zéo]]‘— 7‘;[101.2_:1 c]gr(r;putunlock 0*‘

H
Aegich. olefd 27Oz Yo

@st Bk E WuE 41 et

314 A3} Figure 7
HAs o 94975

& ot = 1,05 mmysE F-ojste] A& A= Figure 7
bk 2ok I gFA Afelo] AloEE T ek

Aokt ol Ao crel 4 4l w5

Sf 22 Baske A9 FE0l de mE AL g
& 4 Utk
4. 81 23 AA 2 AR)3F F7}

A AFE vie} ol fk4 BN ol HES
o] As2 2o wE ot AGERt Abelo] b HE
of o8l HIAY dHE A ARHERR AAMSE HA
B3 BE ASS HEAYE e 2] AsAE 4
G AR V1Eeo] eE & AFAE Wy ~x
W) BAE 47 WS A4sT CFD S B8 9
ATE o] g3l WH ~3FS A} T35 CFD 3|4
ol A Yol et ] 2438 A45(2019.5)

o]%-q_h:} a)2413t Figure 6 (a)°l L}E}
E 4FA19] CFD A A2 MHAE AF 9]

o] ApEmpuniock o 15396 5 Pait - =
2hgshE gl WHEe] WHE 4,5 o838t o
o] Aakd 4= gl

mep unlock — 4 (,APPOC',RP’ unlock 15.654 N

flo r% fetl
f@ o <
k1
)
N
]

ta
4n

WL A7) Axe £5 320 mmisE 7)FE0
Aoluz o] 3o o8 WMurl 34 dHE A
AT olu WB Fof| g8l mp
b M A2y FAAASF k, rc

WD) 0,05 olGdte] T 2

> rlo

2 oo

r1r IR

i3
I
¥ I
¥, O

o
ne

@

7o wpH o okE g} 2 GAl Afolol] Z ) o]———— Ao

ST /~ ohj_
ol Ao} 2714 2
183te] CFD dj4oz A&
15N 6 0l 83l
2pgah §) pomeunlozl iy 3t

o BAAT ke HET o) @& 4 Anh
Fg]’r{n@ unlock _ AC‘RAP?')]’;LP unlock __ 14.818 N (3)
kog = Fapm 0%/ § 0 = 2.98N/mm @)

276



gol AAE dE ANE 5 Stk o] - A oA
2~

h=3
Apole] Win gt o
KR

42 2 HEHS MOHEE sHAZE 0l=8t
2=J| XIX6ts ZIt

W o] Aglo] WAg Aol eE s fEE A
I RE e MEAIE AF Ao 7heE e ¢
Frrol At dojuth gkF7]e] 4F AJElelA A
& Afole] Ao WH TC7} Figure 4 (b)2h 2ol 21 7
-l Figure 6 (b)S] CFD 341425 4& 5 AT} o
MEAE AF-0] Fexbo] APF™ = 59.17 MPa
vhebstth wheba] 3 el A frsstel ofs) e
o2 oE 2o

Lo

Fpwlet = A APFEP % = 56.92 kN (6)

o7lell M A= AEel d,9) v 2] T A (Figure 1) 2.2
HEA Fedel A g disor o] 2 gk
7I7F R Aed ¢ Sle E AAETol "t
HH =2, Figure 4 (2)¢h o] 17ge o] #hgsto] gt
A=A Atole] AlojWHE TC7F 411 el 4= CFD a4
O RHE WHAE AT ¢Eafo] AP E 12576

MPaz P& & 9tk o A5 95719 Q% AAAFE

o

Fyprt=(A4,— A, ) APFE " =T3.19kN @)
A7NA 4,2 AFel d, 9] d)aE ZE] T A (Figure
Do A,—A, 2 G FEde] S} g
43 20 GE |SA 25012 NXstE Eot

A A7) = KRl fredl s Fesed F94
ol e 2me uheh Wtk ke 2x 21 9
2 5719 AdeAst 8 el Qlo] | S glemw
kool mE HE WMEkE agste] f9FE Ads] A4
o gt mEbA 2 Ayl F9A EET10
o7 AMEE T FFY Ffrol thalA 25T} 100Tel
Mo HEE Wdale] 2% B BHE Wl mE XX
ats-& ettt

i
C
SE,
1>
—_~
3
=2
=
fuj
=
o
=
1o,
s
o
X
2
=
i)
ko
2
o rlo

Aoy TCol thd+ CFD &4 o =5 e o
oMol WiEE= 25T S 100°ColA 2 =Fo)7) QL =
| ZAIgle] TL3 e AFSP oy, SHEEE 77t

A9 gto g A8t Oil-W E Oil-DE %7]3

Fo Fgfrol dal 2%, el AR, o o
A A8t Table 10 A2 A7 2} F T/ 79
E AFYE o 100TCAA e AA B2 25T A9 A
3hzol]l Hlal ZH2t 30%9F 16% FEOE AEE Ao
Uebdth oil-we 2 SHER Q] § & 558 A
g oy Ao x| f RIftelEE a1

AN PG Fo] AXE AL & 5 vk,

2

o Hi

"=, H 7=

Lo

2 ro
ot X X do oot 4t o K1 o

N
IS
‘1
E
i
TE )
o M
=z
jus}
- i
ot %
IHCG N
2
2
i)
z
=2
fu}
S
a
o]
o

o

U

N Nz
e o
2
= A
= o
&£ ol
X 39
fr o
o g
T
=
N
Erlr
g o
=3
41 W
BN
o =2
= =
o 1y

x

L
i
:?1:'
(o3
o
ol
ol
|
il
Y

o
1>

l‘

oft K
)
_O‘L
r2 ofy
>
i)
T
il
1o,
to
ic)
3
[
b}
i
|z
>
[
1o,
o
fob,
Ho
fr

il o
z o
ool rlr

ol
ol
X

do of o Lo &
o
o M

2

o

N
_orL
¥2
Muiiye:)
o
il
offl
_orL
o
e
o
N,
1o,
-
BN
e
X

o ol o

o
o2

4 oox off Jo z2 oL oft S o du ml o o I
-
1
X,
B
),

il )

& o

ol

AT 201795 AAEAAARe QYo R e
WA 71 AT A(KETEP) 9] A 9g ol =33 A A
(No0.20171520000250)$} L T}

Table 1: Load-carrying capacity of the hydraulic snubber according to kinematic viscosity of hydraulic oil

. Density Temperature Kinematic viscosity Load-carrying capacity (kN)
Hydraulic oil 3 o 2

(g/em’) (©) (mm®/s) Compression Tension
25 351 56.92 73.19

Oil-W 0.97
100 103 16.71 21.50
25 125 22.22 28.02

Oil-D 1.06
100 18.9 3.57 4.60

oA AR Yol ers] 2] A437@ A43(2019.5)
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