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ABSTRACT

Characteristics of the high frequency pulsatile flow have been investigated experimentally to understand
the flow phenomena in the hydraulic system. One axis fatigue test bed, which is widely used for automobile
field test, is used. Four pressure transducers, an amplifier and a A/D convertor are used to obtain the high
frequency pulsatile pressure waveform in hydraulic system. The characteristics of frequency are analyzed by
power spectrum method. According to the variations of pump input pressure and actuator acceleration
frequency, the pressure is measured with or without an accumulator. The amplitude of pressure with
accumulator is  very lower than those without accumulator due to absorbing function of accurmulator. As
the frequency of actuator acceleration is increased, the effect of accumulator become very important to
decrease the amplitude of pulsatile pressure waveform with high frequencies.
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Table 1 Case by with or without ACC

Accumulator(50bar) Accumulator(Sbar)
case 1 Use Use
case 2 Use X
case 3 % Use
case 4 X x
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Fig. 2 Data acquisition and post processing

P Line Pline

a 1
@D ss§ ¢ 1
a L
©uE: {
i

04%@
LE |

o % !
23 260 A0 SO0 200 1000 |3

Hz
(@) Pline frequency (case 2)

rww

Lo !
sliipage o

o AR

Ty TS TR
bl [Pl Fbld

eoeand | rous
Hz

(b) Pline frequency (case 3)

i H
k] 200 Rl BON B 1008
Hz

(d Tline frequency (case 3)

(©) Tline frequency (case 2)

Fig. 3 Frequency characteristics with and without Acc

FHIOIAME M6, M3z, 2003

53



U2 - RS - P
i - Casel
. [o Casad
P > Casa3
- B Cazed
O 2 F Q
[4)] N
[
(i 8 .
14
0.5 =~
[FZ]

(a) 80 bar, No ACT.

ot

A
H
o
Ho
™
o>
£
r
Ofol
[Pl

4
N » Casel
36 — & Casel
- [ Caseld
3 [~ Cased B
0O 25k
8_"3 - =4
3
L« 5 &
RE-2 b
e

* )

{b) 100 bar, No ACT.

Fig. 4 Pline frequency by case

g
—r
o

i GHZ, Caeet

o (AR, CHgEd

3000 il | QHE, Case]
il | G, Caged

A

T ok A B R N B O

(@) OHz or 10 Hz act.
Fig. 5 Frequency charateristics when pulsation by Act

AEFaeaa HZ THFHEY 190Hzd W
343 g Uehd Zojth agelr] HRo] e ¢

o] 0barg Wy 100bard ®f 1 AFE F Zo|7}
%iol P2ellA 190HzE 2t o+ #WEs 24 Fe 7
et o= 4 wWiFo] X E Ut PIS Aun
Fbarel ACCE AUA P2ol o2& Na"dY 725
Azbd] £ w, P2o] ¢4 mEo] AHHE Aow &
2% § 9oy ARHoZE 037 P29 ¢E 9%
ol ff A Y&S £ F A 2 Fig 39 (a),
(b)ell A vehd AA Faae] £AFE BA o F3)
9 peak 42 £ T YA G FHAFEFFelAM B
o 190 HzsF 320 Hzel o) Fab7b 25 o 2A UE
WA O 4719 Ae e & 5 sivh F S0bar
o] ACCE AA3E v H=9| gtgle] A2 Afole
Azgol M AHE ¢4y wEde W 9¥0] fla,

54

P Line

3000

—

2500 2

0 200 400 600 80D
Hz
(b) Frequency by Act (10 Hz, 60 bar, case 4)

1000

3.2 YFojlole JIEle] Ak
3.2.1 dx00[ES 71X RFH WE H

7He] gl AtE
7] o8eS gurh
A fFd ©BE 4
Fig. 59 (@& HZ9
zko] ACTS 7}{‘0] g

719 45e Adz 37
webA] Fig. 59 %‘01 ACT¥]
3} —,‘?:”o}%m g 93t
1:}' ] E 73‘!‘ Flg. 59’]'
TQ]' 10H9] 74310] ¢}

=2

=
Ho
=

KHAIIANE H6A, M3Z, 2003



DFET ReAAdel FI4 5
£ 398 WA dehig,

Fig. 5@ o] P17 PolA] 7h3e] we Axe
HW ACT/ 08z (Fao] 9l A9 49 3]
g A8 ok WEFISE A dein Qe
B0H9) ARl gk AtE dEdsne 2y
WE 2 A5 AL Ee ¥ 5 T Fig

5@elA 10Hz9 7}zle] Fo{H S ul case 17} case 4

£ v BY ACTES ARESE case 10] <7he] o
BE F2E BAFa JFo2 $U719 o] 7
HASE B ¢ ddh ols AdslA Bdsl] 93}
o Fig. 5(b)st 2ol F34 s4& o}‘zit}. Fig. 5(b)
£ 10HzY 7F¥0] 1& Wl ACC/F §1%= case 4 A%
o] s WiF a4 EXolth afoA H%e] 7]E
Bro| 3f Fo 190HzW e FaE Ao Al
i, 7HA Fa49) 10Hz7E 27 vEbdeh =3 ACC
7b g o R QlstedA PLE P29 EA o] #e&S
E Aok g2 Adrsld 44 F94E = 13
7b AR Aol o RaEty Fakgeodoo) Aad A
g Ffate Ae < F g
3.2.2 35 &8y =) gut

EE FoAcde A4 <8 B9 18 70 F
deE zeth gl HZo ghEoe] Alagle] ofuw
FEE WA= 7HE golry] HEte Fig. 694 <+H
FH A Fapgo] wE Zt A" A PSD (power

sperctrum density) 2H-&

A, Fig. 6@t (helAe) Ax=2 23 Fig. 6(b)

9 A, "ol o] 100bar¥ v 50bar ACCY]
A o7 Y W %] 5 whe) e %g

18 4 gl oyt 60barg! A$(Fig. 6(a))e=
YIE oF7e Apolute] WAHE B £ glrk ]743?
7B F97F 15HzY W= 22 A%E Uehy,
YL F2o] 60bard 45l S0bar ACCS| Abgo] &
AEE 71FA B dEolth F Fig. 6(b)A ®
xol Pl 4bvle] AR NG =8 0 9
718 AHEETHE case 13} case2ol M WE AL EINE
B 4 9 o ACCY A% teurt @me ¥F
4 5 AFdEe] & Afdle i & s
£ AEE e

Fig. 6(b), (@3} (D}t Zo] HFZee] 100bar
7VA FErEE 10Hzol A 20HzE Z7HA AR 7}
l SR AAReE &9r]e &

FHIIHML M6A, HM3=, 2003

Lot
ol

o]+ ACT®| +2~-2V, 20Hz
%iol F9&A ACTA b4 A
24 AA ACTY RAZo) 7R
I H Zada, oz Qg
s 7Pzl 2ol Eolx|u o
Bk
K7 ACCE AMg
ZACR= N N
371 P2& A} 50bar
o, P1olA ACCE E33
olt} aet 7Rzl Felee
3 P2lA sdsAl 4

>
T TR
2

<l
z Jy

E g N
lo
o

N
K
2
o
ku

@
_ZI__

ined
Eia
=2
oft

Lo

B4R o2 N
I )

o
N
2

N

rn

i

[
N
N
2

2

I
k=,

ACCE

o

rir

=

Fig. 7914 &
ol whe
ApANE] Bl A8 Fig. 7oA
bar ACCE AH&-3 case 1& 4719
715 AFESEA] %2 7991 case 40 1|8}
47t W AE5E B
A A2l LR
A AA FE ¥ 5 3

=

p=:h
=
ol
H A
itk EH71E LS ?}‘}
;L]—/\ P R=Nel 10HH

T BTe

A
Tg\)}]\
=
-

aL
=N

>

[
rhu

0
~
‘B
B2
=
)

i

A

=
fll
e
)
o
fr
o
l_.
i
0

o X

of
ot
°

[o > o

|
o,
o

Ao
il
o
2,

R
il &

K3
iy
)

A
2
~
o
fol

O M 2 ¥R oX
ir & o

2

55



_ ——fTpe - Gaget

3500 s e o R
wsnsasliosmsssss T2 ABBA

3000+ —@— Cased
2EOODh e,

(]

(1 2000

o

1500

1000

S00

(a} B0 bar, 10Hz ACT (b) 100 bar, 10Hz ACT
2000 2000
Or—— Cased
1750 e CEBER
Cazed
1500 e Cag el Cazed

{c) B0 bar, 15Hz ACT

I00 e e LB GSEY Caset
Case?
Cased

Cased

(e) 60 bar, 20Hz ACT {f) 100 bar, 20 Hz Act.
Fig. 6 Frequency by pump pressure and ACC

4B00
e (A2, oMz
3500 = 10Hz : g:§
3000 = 15Hz zoMz
el O S
2500
% 3
g =00 Y
1500

(o) case 4

Fig. 7 Frequency by actuation

56 SHIIHMME M6A, M3Z, 2003



(1) Tee, I Y, Song, S. H, Jung, Y. G. and Yang,
K. W, 1998, “Development of Analyzing Method
for Pressure Fluctuations in Oil Hydraulic Pipe
Network Including Flexible Hose Element,” Journal
of the Korean Society for Power System Engi-
neering. Vol. 2, No. 1, pp. 45~51.

(2) Na, G. D, Mo, Y. Y., Yoo, Y. T, Joung, J. C,
Kim, J. H, 1998, “A Study on the Frequency
Response Characteristics of a Laminar Pulsating
Flow in a Pipe” Journal of the Korean Society for
Aeronautical and Space Sciences, Vol. 26, No. 8.

(3) Young, T. Y, Na, G. D, Kim, J. H, 2002, “A
Characteristics of Pressure Propagation According

FHIIAME M6, M3=. 2003

to Frequency Changes in a Hydraulic Pipeline,”
Journal of the Korean Society of Machine Tool
Engineers. Vol. 11, No. 2, pp. 71~79.

(4) Yum, M. Q., 1982, “Characteristic Experiment of
Tilting Check Valve for Nuclear Power Plant(11),”
The Korean Society of Mechanical Engineers,
Vol. 22, No. 6, pp. 803~812.

(5) Miller, J. E., 1987, The Reciprocating Pump,
Wiley-interscience.

(6) Young, H. Y., 199, “Study on Polytropic Processes
for Pulsations of an Accumulator,” Journal of
Institute of Industrial Technology of Chang-Won
Univ. Vol 10, pp. 239-249.

(7) Wylie, E. B, 1993, Fluid Transients in System,
Prentice-hall.

57



