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COMPARISON OF VIBRATION TRANSMISSION MECHANISM IN HYDRAULIC HOSES
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SUMMARY

When considering the isolation of vibrz'ions and pressure fluctuations of
pumps and other sources by means cof hydraulic hoses, it is necessary tfo
consider several transmission mechanisms, namely bending waves, torsional
waves and waves involving coupled longitudinal motion of the hose and fluid, the
latter transmitting pressure variations. Using measurements of the outputs
of a variety of pumps, and typical hose properties measured in resonance
tests, this paper shows that, for typical pump outputs, the high attenu-
ation of bending waves means that laterat motion and bending rotation at
the pump end of the hose give rise to very little force or momeni at the
other end.

The most difficult pump output to be isolated is pressure ripple. In addition
to problems of pressure fluctuations in subsequent parts of the circuit,
the force exerted at the hose termination due to input pressure ripple
exceeds that due to axial input motion and exceeds by an even greater
amount that due to lateral input.

HIDROLIK HORTUMLARDA VIBRASYON ILETIM MEXANIZMASININ KARSILASTIRILMASI

BZET

Hidrolik hortumlar vasttasiyla, pompalarin ve difjer kaynaklarin titresimle-
rinin ve basing dalgalanmalarinin jzolasyonu dikkate alindi181 zaman, cesit-
i iletim mekanizmalarinin gdzdniine alinmas) gerekir. Bunfar esas olarak
blikiilme dalgslari, burvima dalgalari ve hortum ve akigkan giftini ihtiva
eden, basing dedisimterini ileten hortum ve akiskanin boyuns hareketidir.,
Bu galisma, dedisik pompalarin 8lglilen giktiflarini ve rezonans testlerinde
Gigiilen tipik hortum parametrelerini kuttanarak, tipik pompa giktetlar: igin,
biikiilme dalgalarinin yiiksek s&niimli nedenlyle hortumun pompa ucundeki late-
ral hareket ve blikliilme rotasyonunun hortumun difer ucunda ¢ok kiiclik kuvvet
veya moment meydanea getirdigini gdstermektedir.

fzalasycnu en zor alan pompa ¢iktisi basing dalgaciklaridir, Devrenin takip
eden bdlimlerindeki basin¢ dalgeciklari nedeniyle hortum gikis ucuna etki-
yen kuvvettler, eksene! hareket girdisini gegtifi qibi lateral girdisini de
¢ok daha fazla geger.
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I- INTRODUCTION

The level of acoustic radiation from hydraulic systems due to pump
excitation is a matter of some concern from environmental as well as
legal considerations.

Measurements of pump noise have been reported by McCandlish and Linley [11] for
twenty gear pumps and by McCandlish and Petrusewicz [2] for a vane pump.

Crook and Heron [3] measured sound power levels from an axial piston and
a gear pump as well as the sound power levels radiated from connected
hoses and pipes. Further work was reported by Heron and Hansford (43 .
Sound power levels of 55 to 65 dBA/m were found for hoses. However a
pipe of 25mm o.d. connected directly to the pump produced about 90 dBA/m
when the pump power level was 83 dBA.

Sound radiation from control panels [5] was found to give sound pressure
levels of up to 85 dBA at 0.25mm, while a particularly noisy circuit re-
ported by Curry L6] produced a sound pressure level of 99dBA even though
the axial piston pump employed was known to be a quiet one when used in
other systems.

The indications are that circuits can produce undesirably high sound
levels even when pump noise is acceptable or controllable.

It is accordingly valuable to examine the levels of fluid and mechanical
input from typical pumps and to compare the attenuation of each kind of
input for the types of hoses commorly employed in hydraulic circuits.

In the axial direction, a pump inputs fluid pressure and wall vibration.
Two waves are generated in the hose, each involving axial wall and fluid
motion.

Motion of the pump at right angles to the hese produces bending waves, as
does a rotational input about an axis at right angles to the hose. Rota-
tions about the hose axis will induce torsional waves in it.
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2- TRANSMISSION OF PRESSURE FLUCTUATION AND AXIAL MOTION

It has been shown [7] that pressure fluctuations within a hose and
axial wall motions of the hose are transmitted by two different axial
waves can be characterised by their complex propagation contants K v,
by modal ratios N , N, and by characteristic impedances Zp1’ sz such
that at a frequency w the axial wall motion W and pressure p at time t
and distance x along a hose are given by

Fore (wed"y | p-Relp ey (2.1)
i -Y.x Y. X
R 1 1
where W = fél N [ Cij @ + Gy e ] (2.2)
2 - Y.x T.x
e it i
P=D . I[Ce Cps & ] (2.3)

—
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Cai and Cy; are constants depending on boundary conditions.

The total axial force at any point along a fluid-filled hose is the
difference between the tension in the wall and the pressure acting over
the fluid cross section. If Hh is the mass per unit length of hose, p
is the density of the fluid and AO is the cross sectional are of the
fluid it my be. shown that the complex amplitude of the total axial
force F is given by

2 ., X
Fe Yy Ny ¢ oa[c e Vogel ] (2.4)
1=1 1

In order to examine the amounts of axial isplation that can be achieved
with different types of hoses, two situations are considered, namely
pressure input and velocity input. In the first case the input end of
the hose is taken to be fixed, and excitation is by a pressure fluctu-
ation at that end.The output end of the hose is assumed to be both rigidly fixed and, as
far as fluctuating pressures are concermed,blocked.Clearly real systams will differ from
this, but it provides a simple basis for comparison. The assumption
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of a blocked ent will give a realistic estimate of the end force when

a valve substantiaily constricts the flow at the hose outlet, or when
there is a sharp bend in the pipe close to the end of the hose. The
extent to which the hose is isolating the downstream circuit from the
effects of the pressure fluctuation is indicated by the ratic of outlet
to inlet complex pressure amplitudes YDD and the ratio, as complex
amplitudes, of the ouiput force at the end of the hose to the inlet
pressure, Yfp'

In the second case considered, that of axial velocity input, it is
assumed Lhat at the inlet the hose and the fluid within it vibrats
axially with the same motion. The outlet end is again assumed to be
fixed and blocked.The amouai of isolation achieved in this case is

measured by the ratio of cutlel pressure to inlet axial velocity pr.and
by the ratio of axial force at the outlet to inlet velocity wa.

The four transmission razios iust described can be obtained by putling

the appropriate boundary conditions into equations 2.2, 2.3 and in order

to evaluate the constant.. For a particular hose and particular elastic
properties, the propagation constancs are proportional to frequency (7]
and this is also true of Zpi' [7 is therefore convenient to work in terms
of these quantities divided by frequency w.This will be indicated by a bar,
B ¥ 7
pressure inpubt give the following values for the constants

pi- FOr a hese of length & boundary conditions in the case of

5 2
... =-¢C = ( L) ) {2.5)
aip bip NE . Ni o” Wi Tywa
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In the case of velocity input the constants are
N, = 1
_ _ P 1
Calw - Cb}w = N N b Wy T M ) (2.7)
27 e = o
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aZw bow = | Noo- N V(= Vowg ToWe ) (2.8)
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Equation 2.3 and 2.4 then give

2(7_.¢ + 2.0,

= pl alp =~ "p2ragp
Ypp T J?1w£ ¥ uk _ ngﬁ Wi (2.9)
Zplcalp (e + e ) o+ ZDZCaZD(e +e
_ 20261 Ca1p * Zeplapy)]
fp  we Towe o _ e Towg
plCalp(e + e Yo+ Zp2ca2p(e +e ) (210)
Youw = 20051800 + Zpolany) (2.11)
Vew = 2(2e1Cqa1 * Zeolapy) (2.12)
B - N, pA
where 7. = --2¥ 7 .- L il B (i=1,2)
pl Y. fi % .
i {

It can be seen that the above expressicns for the axial transmis: i
involve frequency and hose length only in the form &f the product -«

in figures 1 to 8 the magnitudes of the transmission ratics typlcal -
two different types of 10 mm bore hose are shown plotted against this
product. The values of the wave properties? : and Ni were obtained from
axial resonance tests on 2 m lengths of hose at freguencies between 60
and 300 Hz. The method of testing and anaiysis has been described else-
where [8] . When interpreting the abscissa as & variation of freguency
it should be borne in mind that variation of elcstic properties with

frequency will give a corresponding variation ;n ¥ i and Ni' This is likely

to be mest pronounced in the nylon hose, but in all cases the transmission

is likely to be somewhat lower than that shown in the figures if the fre-
guency is higher than that at which the wave properties were measured.
The wave properties are likewise dependent on temperature, mean fluid
pressure and vibration amplitude.

It can be seen from figures 1 to 8 that at low values of w2 the transmission
ratios are dominated by rescnances. In this region, hoses are not beneficial

for isolating pressure ripple and axial motion unless it is possible to



262

ascy pleuig uwo|AN @S0Y ptedq uo|Al @uLoy pledq uvolAN

sunssaud indu|

850y pieag UOJAN

Apioo)aa |E2IXE AL)1D0|8A |BIXE jndu) aJnssadd gnduy

dd

induy /8000y |RIXY-g B4 /eJnssaud 4nding-6+644 /894G |Eixy-p D)4 /ednesagd yndyngez614
p0# X{(s/W) M wo_ X({S/W) |m vo_ X{S/uU) |m voﬁ X(S/W0) |&
4 £ l | 0 % 3 l | 0 ki 3 4 1 G k| £ Z ! 0
T T Y 0l S R | T 0l T —r T T T T 10
b 7
i} - 0l .
1@ 9= 4
4 L m: — s i
- D -
:%_M ° mwd
= ol
—~ 1 ~ 3
No_ - - 2
~ ~
.3 . 3 ol
Je ~ or ol :
L £-
ssoy plEJQ | 8845 850y PIEJg 8545 &soy plLeJG j&5945 850U pleJq [854§
Aj120j3n |E)XE Apr120|8Aa |eixXE 4nduy sunssssd aJnssaad 4ncu)
sndu|/ed40;3 |eixy-;2 014 /eanssaad 4ndyng-¢° B4 4ndu|/adu0y |Elxy-C By /2dnssauc snding-| b1y
0L X{(s/w) |m Gl x(s/u) o) X{s/uw) 7K
14 ¥ ¥ ¥
* { b 0 £ Z £ I 1 c.
JE N ; ol . — 0! ; - —T ro
R
B 4 %¢ -
1 {1
~ Ol
" [ N T [ — '
i ~ % © \ S L= dot
M. M N b=l i
i ., HOL T | A
4~9 - 5o~ Alits g
J..._) o ( o | . 0l
Hot 3 : * ]
g = 0 01




263

employ tuning of circuit lengths to reduce components of vibration at
particular frequencies. The problems of attemptinrg to do this have been

discussed £9] .

3. TRANSMISSION OF LATERAL FORCES

Lateral forces and moments are transmitted by bending distortions of the
hose. The hose is treated as an initially straight uniform beam using
the well known beam equation

2%y - 64V

0 2 -

=
at ax

{3.1)
where v is the lateral displacement at distance x along the hose and EI
is the effective flexural rigidity of the composite siructure. For sinu-
soidal motion of all elements at & frequency w, v is given by

v = Re 1V oexp(jwt)} (3.2)

Including the damping by making EI complex and combining equations 3.1}
and 3.2 gives the following equation for the variation of V with x:

V = Clsin AKX+ Czcos AX + C3sinh AX + Cacosh A X (3.3}

V is a complex function of x so that equation 3.2 gives both amplitude
and phase variation along the hose. Cl to C4 are constants depending on
the boundary conditions while ais the complex constant given by
u -k 1 1/4
= [ —=— e ) (3.4)
139
Bending waves propagate at a speed w/Re( x ). Equation 3.4 shows this
propagation speed to be propotional to Vv,

The bending moment at any peint along the hose and the shear force is

given by

%y

El 5 =Eu2(
dx

—Clsin Ax—Czcos Av+c3sinh Ax+C4cosh A X) (3.5)
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a3y

El
dx3

--= EI AS(-Clcos rx4C,sin 1x+C3c05h xx+C451nh Ax)

¢ (3.6)
As in the case of axial forces described in Section 2, it is convenient
for the purpose of comparing different hoses to do so by considering the
ratios of the forces and moments exerted by the hose when one end is
rigidly fixed, to the exciting motions at the input end. Taking the hose
to be rigidly fixed at the output end is quite realistic since in most
practical situaticns the attenuation of lateral motions is high. The
exciting motion generally consist of a combination of lateral and rota-
ticnal motions so that feur transmission ratios occur, relating output
force § and output moment M to input displacement 6 and input rotation 4.

Taking x=0 at the fixed end, the boundary conditions of zero slope and
displacement there, and slope 8 and displacement & at x=¢ give the
values of the constants. The output moment and force are then the values
given by eguations 3.5 and 3.6 with x=0:

El A8 [6{cos x» z-cosh A 2) + (B/ x)sin ag-sinh ag)]

cos A2 coshag - 1

ET A3 [6(sinxg+sinhrg) + (B/ a)(cos rg-coshag) 1

cosA £ cosh a2 - |

Referring back to equation 3.4 the argument x £ is

rp = 2w (I_“°T) 1/4 -3 o/ 4 (3.9)
El

so that for a given hose type the forces transmitted depend on the
product ¢+vw . When the other terms in xin equations 3.7 and 3.8 are
replaced using eguation 3.4 the four transmission ratios can be identi-
fied as follows:

v _ 5 _ o, sinaf + sinhaf 174 3/4 (3.10)
Voo L= | g | = | SE2EE SRR ey
5w

cos aAfcosha® -
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- S | cosaf-cosha2 1/2 1/2 (3.17)
el = | == | = | 51
Ow COosS A g COsh g o
- M .
v ej T e * s (3.12)
[P o l M ‘ . ‘ sin ag-sinh AE’ iEI\3/A 1/4
® e coshecosig - | Ho (3 13

The definition of each of the transmission ratios includes the appropriate
power of w to give a single unigue relationship, for a given hose type,
between that transmission ratio and the length-frequency parameter £+ w.
Figures 9 to 12 show these transmission ratios plotted against &Vw

for the two hose types already caonsidered in connection with axial forces,

the values of the hose wave properties usad being shown in Table 1.

Table-1: Bending and torsien wave properties used to produce Figures 9

to 14
_ Ll W an 4 Ky 3 tane o
Reinforcement (ng\ (ke /m) (NmZ/radJ (kg m)
Double braid /.68 0.560 0.113 59.3 29x1076 0.5
_ steel
Double hbraid 2 .38 0.3486 0.065 16.6 13x10'6 0.13
nylon

It can be seen from Figuras 9 to 12 thai at low values of ¢ Jw  the
transmission ratics show strang resgnance effects, as for the axial
ratios, but in this case there is a more reqular succession of reso-
nances as only one type of wave 1s present. For higher values of ¢ or

W the reflecticns that cive rise to the resonances become small and the
fluctirations disappear, the transmission raties then becoming steadily
attenuated with increasing ¢+ w. The first terms en the r.h.s. of
equations 3.10, 3.11 and 3.13 all tend teo the same velue as & Jw s

increased, this valus being 2(exp{-2vwb)), where b, the imaginary
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part of » / F is given by

M 1/4
b = (——-) sin /4 (3.14)
|ET]

Thus the four transmission ) tios iend o:

_ g JW D 1/2 1/2
‘Yse|a 1YM 6|a =2e |EL] u0 (3.16)
_ -e¥w b 3/4 1/4
|YM3|a r BE ET] Ho (3.17)

All the curves on Figures 9 to 14 tend to straight lines of slope
-b.log(e).

4- TRANSMISSION BY TORSION

Rotational vibrations of the input end of the hose about its axis cause
torsional waves to be propagated along the hose, resulting in vibrating
torques being exerted by the hose at its output end. The one dimensional
wave equation

- (4.1)

describes the motion.¥ is the rotation of the cross-section at distance
x along the hose, J is the moment of inertia of unit length of the hose,
and kt is the torsional stiffness of unit length, taken to be complex

to allow for the damping. For sinusoidal motion of all elements at a
frequency w, ¥ is given by

y = Ref ¥ &%t} (4.2)

Combining equations 4.1 and 4.2 leads to the solution
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e + CE e {4.3)

for the variaticn of the complex amplitude along the hose. C5 and C6
are constants depending on the boundary conditions while " is the
compiex propagaticn constant for torsional waves. given by
. Jd oy 1/2
Y, = e
=W (=)

k¢

(4.4)

For given elastic properties, AL is seen to be proportional to freguency

and hence it is convenient to define Tt as Yt/w'

Different hoses can be compared by comparing the ratio for each hose

of torgue by the hose at a fixed output end to the torsional motion at
the input end. The end conditicns ¥=0 at x=0 and W:ﬁﬁat x=£ yield
the values of constants. The torque r exerted at the fixed end is the

value of kt( d w) at x=0;
dx
2R Y W o
o L A . (4.5)

TTRLWE Y
oV et

It can be seen that, far given hose properties, there is a unique rela-
tionship between the transmission ratio defined as torque exerted per
input torsional velocity, and the product we, This ratio is given by

2k, 7.

(4.6)

Figures 13 to 16 show this ratio plotted against wg for the two hose
types previously considered. The values of the hose torsional wave
properties used are shown in Table 1. The graphs show strongly resonant
behaviour over most of the range of w2 covered. The eventual steady
attenuaticon with w¢ can be found by considering equation 4.6 when W
becomes very large; exp(#{wg) becomes negligible and we find

vf -Wig
Voply = 2 (3] ) ‘e t (4.7}
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where Ei , the real part of Yoo is
_ g W=
®y (T;—T) sin (o, /2) (4.8)
t
tan oy being the loss factor for torsion. The final slopes of the
lines on Figures 15 and 16 are then - & log (e).

t

5- RELATIVE IMPORTANCE OF TRANSMISSION MECHANISMS

In order to consider the relative importance of the various transmission
mechanisms from a pump to the rest of a hydraulic circult, 1L 1S neces-
sary to have information on typical outputs from pumps. However, the

wide diversity of pumps makes it difficult to obtain data which has any
general validity. The difficulty is made worse by the fact ihat the
method of supporting the pump and driving motor, and variations in cutlet
arrangements, also have a major influence on the vibration at the puoint
where the upstream end of the hose is connected. It 1s therefore nol
possible to get more than likely relative orders of maonitude of the
input motions and pressures. To this end, measurements have been made

on several axial piston and external gear pumps. Two small acceloromeiers
(mass 0.65 gr) were mounted on each of two small aluminium blccks which
were fixed on opposite sides of the hose input end fitting. One ¢.cel-
erometer on each side was mounted axially and the other tangentially
relative to the end fitting, so that Lhe sums and differences of the
outputs gave the axial and lateral translation of the fitting and the
torsional and bending angular inputs to Lhe hose. Mean delivery pressuros
were sel at 50 har. Typical pressurc ripple culputs were already avail-
able [107 [111 ; these have been supplemented with further measurements
using a piezoclectric pressure Lransducer.

Cerlain common features can be discerned in the results obtalned for

most or all of the pumps and these are describod below.

The frequancy content of Lhe acceleraticn signals was obtained up to
4 kHz by a Fourier Transform analyser. Over this range the level of rarviom



269

ssoy pleJqg UO|AN

Ay100,8A JRUOLEAO]

yndu)/enbJoy-g51 614

0} ¥ (s/w) |~
4
4 4 0
T ¥ T ol
-
4.0
N|
|%f
n
oL
ssoy pledq 1834S
ssoy pledq 18945

Ajrocian

1S JTy +:ac_\m3wLOle".m_

jeuct
L0 X(5/&) 1A
Y I G
. T T ol
MT
.01
=
ol
)
Cl

2S0Y PlEJSG LT

UD140wW 1BU84E| FMOY|/2uan0
uop4ow Butpusg pue «Cljow z=eoy Plisg LOLAR
leuoi4e4cd Dulpuaq jeuct4edod bLIpUSE] YO LS [EJB4E|
ynduj/suewouw Bu pusg-p1'b14 4NGU| 83J03 jeassE=gi"Bla  4ndv]/80J04 (CugsR =0t b2
W) M (Ss/w) & | . (s/w) RO
AR : 7/l ’ VAN
007 0ol ¢ 00z 001 0 G0z 0C1 om_.
T 7 T 01 T T T 0l T T T £
i E- < E- - ey
3 = n n
- 12— ® A
8 N-
101 =
- oz A do "
= 3 %f 2 I~ M
3 j do “o /\fé. 3
i 5.3:‘, o ~ 7/5!5; RAAAEAVTATE I I 5
. - AN R - ,:__ &
Mo e & d
! i
01
i
255Gy PleLsg |884S ascy plEJG 1884
UQ J Tk jRUTLGES Bo1Lon jEJsse | 4ndL/prBEde asgy PLEJG | 8845
Eujppueg grdu| Lujpueg pu¥ uGl40bL uo oW JEJIHLL]
4 s4usuow bulpue g B jeuo)iee Butpuag LRGu-L1TBly  4ndu/endog fedege]-y" a
(/) A | L (s/w) & | _ NS/ ML
[ [ " 27l .
002 S ¢ 202 o 0 00 Qo 0
¥ Y — 0 T T T 01 1 T T 01
s £ £
—4.6l — Y B
= B o O T
7 T ~
l—oﬁ o i
-0 = =0 o
= i = V3 v N
A -0 N
g d z
@ fi =
e VYA -
,ﬁ of X
i B
S — U |}
[4



270

motion was very small; the spectra consisted of discrete lines at
multiples of the pump shaft revolution frequency which in all cases

was close to 25 Hz. Components at multiples of the pumping frequency
tended to be the highest, but this was not invariably so. Components

at other multiples of shaft speed were in cases of significant amlitude
and in some cases they were higher than the pumping harmonics. In gen-
eral the highest velocity amplitudes were at the lower frequencies but
for the axial piston pumps particularly, significant amlitudes occurred
up into the region of 3 kHz. A test con one axial piston pump showed
that vibration was greatly reduced when the mean delivery pressure was
reduced to zero.

Frequency analysis of pressures over the same range indicates that only
multiples of the pumping frequency are significant.For gear pumps it

has been shown [107£121 that amplitudes of successive harmonic components
decrease rapidly, whereas axial piston pumps generate substantial higher
frequency components.

Direct comparisen of lateral and axial vibration at the point where the
outlet hose is connected to the pump shows that at lower freguencies,

up to about 1 kHz, axial motion tends, on the whole, to be somewhat
greater than lateral. At higher frequencies, 2 to 3 kHz, the oppesite

is true. There is also some tendency at higher frequencies for torsional
motion to be greater than bending angular inputs. These differences may
be the result of the length of cantilevered pipe and fittings between
the body of the pump and the hose. The minimum length which this can
have is that of the hose end fitting but it could be much longer. For
purpose of comparison, however, it seems reasonable to assume ihe input
motion to & hose to have no preferred orieniation, and to take a typical
figure for the ratio of angular to linear motion of 30 rad./m, bearing
in mind that there are wide variations between pumps and between dif-
ferent frequency components.

Looking in the same way at typical levels of output pressure from pumps
without any special pressure ripple reducing mechanisms, feeding into
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bigh impedance circuits, it is possible to obtain a typical order of
magnitude for the ratio of pressure amplitude at a pump outlet to the
velocity of the hose end fitting at that point. The results referred to

8 Ns/m3 over a wide range of frequency, but it must

above suggest about 10
again be remembered that this will vary widely from pump to pump and

between individual harmonics.

It is now possible to compare the relative importance of the various
transmission mechanisms from the pump to the rest of the hydraulic system
on the basis of pressure, force and mement at the termination of the hose.
This can be done by using the relative pump cutputs given above, together
with the data on transmission ratios given if Figures 1 to l6.

In grder to simplify compariscn a hose length of 2 m is assumed, and a
frequency of 1600 Hz. The lateral velocities at the pump end of the hose

are taken to have an arbitrary reference level of 1 mm/s. The input angular
velocities in torsicn and bending, and the pressure amplitude at the pump
are then taken to be those given by the typical ratios previously mentioned.
Combining these with the transmission ratios for the hoses given the pres-
sures, forces and moments shown in Table 2 at the hose termination.

The particular length and frequency chosen might be close to a condition
of resonance in some cases and close to antirescnance in others. To avoid
obtaining misleading values as a result of this, the transmission ratios
used correspond to mean lines drawn throught the resonant fluctuations
shown in Figures 1 to 16. The high attenuation of bending waves means that
resonant fluctuations in the corresponding transmission ratios become
unimportant above comparatively short hose lengths and frequencies. Most
of the other transmission ratio plots shew significant resonant behaviour
over the whole of the plotted range. In the case of longitudinal waves,
this can be the result of interference between the two forward waves as
well as interference between forward and reflected waves.

The striking feature of Table 2 is the importance of the pump fluctuation.
This has by far the greatest influence on the output pressure amplitude,
which would be expected, but it also causes the hose to exert the greatest
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force on the subsequent circult. The force, compounded of tension in the
hose wall and the fluid pressure acting over the bore area, is much

greater than that caused by an axial motion input to the over hore area,

Is much greater than that caused by an axial motion input to the hose,
which In fturn 1s substantially greater than the lateral force produced by

a lateral motion input for the steel reinforced hose. Reduction of pressure
fluctuations therefore merits most attention. It can be seen from Figure

I that the steel reinforced hose does not give much attenuation. The type
of hose which is most beneficial in thi. respect is the one reinforced

with nylon, Nylon hoses capable of higher mean working pressures could not
be expected to glve as much attenuation as that plotted in Figure 2 but
measurements have shown them to be much better than steel reinforced hoses
for the same pressure rating [13] . The benefit of nylon hoses for reducing
fluid borne noise has been reported previously [91[14].

Table-2: Force, moments and pressure at the output end of 2 m of hose, hased
on Lransmission ratios at 1600 Hz taken from smoothed versions of
the curves shown in flgures | to 16, and assuming the following
input amplitudes:linear velocity {arbitrary ref.} 1 mm/s, angular

velocity 0.03 rad/s., pressure 105 N/mz.

Type of Hose

Double Braid  Deouble Braid

Steel Nylon
Force (Newtons) axial Input 0.11 0.018
caused by lateral Input 0.011 0.015
bending angular input u.0066 (0.0074
pressure input 1.9 2.1
Moment. (Nm) lateral input 0.000z2 0.00025
caused by bending angular input 0.00013 0.00012
torsional angular 0.0008% 0.000z8
input
Pressure (N/mg) axial input 310 33

caused by pressure Input 80 000 11 000




273

When examining Table 2 it musti be remembered that pressure ripple can be
greatly reduced by design features in pumps and by using hydraulic silenc-
ers. Under these circumstances the pump body motion inputs, for which
fiexible hoses are the only remedy, assume greater importance.

For the typical ratiuv of rotational to transliational motion assumed, it can
be seen that rotation of the input end of the hose about a transverse axis,
and lateral input motion, both have much the same effect on the force and
moment at the termination. However, an axial input motion has a greater
effect on the output force, and & torsional input rotation has a greater
effect on the oulput moment.

As reported by Hughes and Sanders [14] the spiral wound construction gives
very good attenuation of bending waves. It also effectively isolates the
more significant axial input. It is, however, the least effective in coping
with torsion. These effects can be attributed to the low axial modulus and
damping of spiral wound hose together with high circumferential shear
stiffness in the wall.

11 has been shown [15] that curvature of a hose centreline introduces scme
coupling between axial and bending transmission, but that this is usually
only important in s¢ far as it affects resonant behaviour at the Jower
frequencies. At higher freguencies, where the wavelengths are short compared
with the radius of curvature, measurements have shown that the effect of
curvature on all the transmission ratios is very small. In spiral wound

hose some coupling has been abserved between axial motion and torsion. This
is assumed to be a static effect due to the inherent asymmetry of the
construction. 1t has not been allowed for in the results that have been

presented.

Another assumplion which is Implicit in the preceding discussion is that
the fluid and mechanical impedences which the different types of hose
present to the pump output are not so different and so significant that
they have an important effect on the ranking of the hoses. The entry fluid
impadances of long lengths of the steel braid and nylon hoses are similar,
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and that of the spiral hose is approximately half. This is a small
difference compared with. the gross differences in some of the trans-
mission ratios. Differences in mechanical impedance are likely to have
even less importance except possibly in the lateral direction when a hose
is connected to a fairly long cantilevered pipe.

The hose properties used to calculate the transmission ratios can only be
regarded as tvpical values because in mapy cases there is an appreciable
variation with vibration amplitude as well as with mean pressure and
temperature. This is particularly true of loss factor, which has a major
influence on transmission. For example the loss factor for the nylon hose
in bending varied by a factor of nearly 3 as a result of a seven to one
variation in amplitude. The corresponding variation for the steel braid
hose was approximately i . Mean pressure had a considerable stiffening
effect on the steel braidea hose as discussed by Sanders and Hughes [161].

The general conclusions drawn in the foregoing discussion have been
qualitatively supported by measurements at the termination of 4m lengths
of the two types of hose when connected to an axial piston pump on a power
pack. The only discrepancy of'any significance was that the output pres-
sure fluctuations produced by an input axial velocity were higher than
expected. This may have been due to the end conditions differing somewhat
from those assumed in the transmission ratio calculations.

The importance of pressure fluctuations from a pump compared with the
mechanical vibration given to the hose has been demonstrated by Lipscombe

{17] using a gear pump in which the normal pressure ripple could be doubled
or virtually eliminated.

6- CONCLUSIONS

Within the frequency range examined, up to 4 kHz, the vibration generated
at the outputs of several axial piston and external gear putps has been found to
be almost entirely at muitiples of the revolution frequency, with multiples of the piston or gear
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tooth freguency often, but not invariably, giving the highest levels.
Pressure fluctuations tend to be only at pumping harmonics. Although

the characteristics of the vibrations varied somewhat between axial and
lateral directions, it is considered reasonable to neglect this when drawing
conclusions for pumps in general. Typical orders of magnitude have been
presented for the ratio of angular motion to linear motion, and for the
ratio of pressure amlitude to linear velocity amplitude, namely 30 radians
per metre and 108 Ns/m3. They appear to be reasonable values for the whole
frequency range.

Using dynamic properties measured by resonance and natural frequency tests,
{ransmission ratios have been presented for representative steel reinforced
hose of double braid construction, and for a medium pressure hose with

nylon braid and lining. These take the form of amplitudes of fluid pressure,
axial force, shear force, bending moment and torsional moment at the termi-
nation of the hose, as ratios of the relevant input amplitudes from the
pump, i.e. pressure, axial and lateral motion, and bending and torsional
motion. Combining these transmission ratios with the relative pump outputs
enables the following conclusions to be drawn.

Both the pressure and force amplitudes at the termination of a hose are
likely to be dominated by the pressure amplitude produced by the pump,
rather than by its vibratory motion, unless special pressure ripple reducing
techniques are employed.

An axial vibration input to a hose will normally produce more force at the
termination than a lateral input, although for the naylon hose there was
not much difference. The spiral wound hose gave very high attenuation of
lateral and bending input, and also gave good attenuation of axial input.

The most important angular input is tersion, particularly with the spiral
wound hose which gave poor torsional attenuation.

Pressure fluctuations and also torsion were attenuated best by the nylon
hose.
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