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Abstract

The problem of vibrations cause the collapse of the systems and cause significant economic losses if not
avoided. For this reason, the researchers have dealt with this issue in all years, but the problem is not over.
In this paper will highlight the problem of controlling the vibrations resulting from fluid flow inside the
pipes, in addition to the study of reducing the vibrations of these pipes. The ideal control is designed based
on, the state space theory and according to the linear behavior of time, because the stability of the pipes
are found from linear change. Different factors were studied on the controller's performance and then the
optimal factors were obtained to obtain the best performance. The research included the study of the
response and the natural frequency and the study of the dynamic behavior of different types of stabilization
of the pipes in the presence with no hydraulic damping (active control) and monitoring the response and
stability of each case of stabilization. Where, the control investigation include using the analytical solution
of general equation of motion for pipe by using state space technique. There, the parameters studied for
active control pipe vibration included the effect of hydraulic damper position, base width of hydraulic
damper, damping, and the flow Pressure, on the pipe vibration response, with various pipe boundary
conditions supported.
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1. Introduction

The main purpose of the pipes is to transmit energy or energy flow, mass liquid flow. In all industries pipes
are used to transport fluids of all kinds despite this proliferation and extreme importance of the pipes these
pipes are used in the different fields of the system and the presence of vibrations, which leads to damage
to the systems or damage the pipes in addition to the resulting noise. Every year huge economic losses
occur in advanced countries is caused due to the vibration of pipes. The annual damage due to vibrations
in pipelines in developed countries is estimated at 10 billion dollars, according to estimates by Canadian
experts. Therefore, research on the study of vibrations in fluid pipe conveying fluid systems has
engineering and economic value. It is necessary to find control systems to reduce the vibrations generated
in the pipes. systems pipes of conveying fluid widely used in aircraft power plants, ships, nuclear industry,
oil, and energy industry, metallurgy industry, power industry, biological engineering, marine engineering,
and in everyday life [1]. When the tube is without fluid, the stiffness and mass are determined only by the
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free vibrations of the structure (boundary conditions and degree of freedom). In this structures the Eigen

values are attached to the parameters of the structure, subsequently, the natural frequency is singular the

control type is then uncontrolled for vibrations generated. In general, the behavior of dynamic for fluid
conveying pipes are more complex than the structure without fluid.

If these structures are exposed to an axial force, Eigen values are affected by the direction and amount of

this force, that is, if the axial force is a compressive force, the increase of this force leads to a decrease in

natural frequencies [2]. The flow of fluid inside the pipes may produce the following effects, some or all

influences can be achieved reliance on the variable of state [3].

e Effect of pressure, the pressure difference is generated by the fluid inside the pipes. This effect can be
displayed as a force static compressive transverse work on the pipe.

e Effects Coriolis force, the effect is produced when the liquid moves horizontally and causes the fluid
elements to rotate, this effect changes the movement of the pipes. This is called effect Coriolis force
the speed of liquid damping is positive within certain limits of speed and this damping leads to reduced
vibrations due to damping technology within specified limits as mentioned. But when the pipe loses
its stability and the damping becomes negative and increases the oscillation that leads to the growth of
the vibration capacity, this occurs at high velocities. This is another form of sensitivity called the
flutter.

e Change the momentum of the fluid that causes the bending of the pipe, this is called the effect of
centrifugal force.

The researchers presented several studies in the field of controlling the vibrations of pipes conveying fluid.
The following studies are similar to the current research, which shows the difference between the current
research and published research on the subject of Active Vibration Control of pipes conveying fluid and
vibrations of flexible beam structure.
At (1995) C.H.Yau et al. [4] Designed An active control vibration system and this has been verified
numerically, to suppression the unwanted disordered vibration in a restricted flexible fluid conveying pipe,
that show regions of chaotic and flutter motions at enough raise velocity of flow, analytical model of the
four-dimensional got than the continuous system by Galerkin's manner, which that has been already
verified to appear enough the dynamics, is used for designing of the control law. Different methodologies
of control design are investigated for various conditions. Primarily, the theory of optimal regulator is
applied to finding feedback gains to system stability with Information full state. The effects of the length
and location of the piezoelectric actuators on the activity such as a vibration damper are tested theoretically
in this status. Secondly, a case observer is added to evaluation the signals of required state. Then, at (2003)
Z. Jiao et al. [5], in this study provides a new active vibration control method to reduce the vibrations of
fluid energy supply efficiently. Note that passive hydraulic absorption is traditionally used to decrease
vibrations of fluid energy supply systems. It is very complicated to adjust the situation of variable
operating, like loads of variable and Asymmetric vibration frequency. And explained in his study the
theory. Test the active control of the vibration in the fluid supply system with detailed water supply. After
this, at (2004) K. Hiramoto and H. Doki [6], Studied the problem of improving the shape for a pipe
cantilevered. The critical velocity for the system of closed-loop is maximized by the location of the actuator
and the sensor and the distribution outer diameter for the pipe. The external diameter distribution has been
improved so that the total size of the pipe does not change with the distribution of primary diameter. The
flow velocity that cannot be stabilized by active control System with the amount of energy predefined is
the definition of the critical flow velocity for the closed-loop system. Through this definition, it's physically
credible comparing the stature of sundry design selectors since all selectors are actively controlled with
the energy exhaustion same.

At(2011) Y. Hwang and C. Liang [7] Studied active control the vibration for pipes of Timoshenko to fluid

conveying. Excrescent vibration at this flow-induced problem of vibration is subdued through an active

feedback control system. Put in this search a strategy of the active vibration deactivation mechanism also
formulated a dynamic system. Applied technique independent modal optimal space control for the highest
efficiency of the system can be obtained. Also at (2013) Y. Sun et al. [1] Use principle of Hamilton in
the notice the equations of the axial and lateral motion of the pipe fluid conveying, where he took
into consideration the condition of fluid-structure response, friction coupled and coupling of poison, and to
address the research control of vibration for pipes fluid conveying and presented. Thence the theoretical
for the foundation is upgraded for more calculation and analysis. Also at (2013) Y. Hwang et al. [§] Studied
analysis of numerical stability for freelance configurable vibration deactivation of a pipe conveying fluid
employing a piezoelectric inertia actuator (PIA). The stability case of the approach as suggested by the
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pioneer improved is self-addressed. The approach uses infinite weight control for one component of the
configurable input control and leads to an intense control extension problem for the complicated mode
there is a possibility controlled, simply resulting in closed-loop system instability unto for stable of open
loop systems.

At, (2014) Zhen Wang et. al. [9], the main causes of pipe collapse in ships and submarines are due to
vibrations, where vibrations cause stress fatigue and noise. When the engine's speed is changed and the
frequency increases, these vibrations will decrease. Active control is used to find the algorithm of adaptive
analysis and frequency in the digital signal processing system. The researcher conducted the experiment
on the closed-pipe pump, where the acceleration was recorded with control and without control when the
system of the pump and pipes at different frequencies. Then, at (2015) M. J. Jweeg and T.J. Ntayeesh, [10],
studied a problem about active control of Factors resonance of pipes conveying for pinned-pinned. The
active controllers are prepared in view of the Factors resonance. Piezoelectric ceramics are utilized as mode
transducer and actuators in control. The most important part of this study is the design of controllers. 1st,
on the fundamental of linear quadratic for optimal control theory, designed the optimal controller It is
according to with the linear time fixed portion of the system, as a result of the Stabilization of pipes are
principally determined by their linear portion and also the velocity of the fluid varies in little range. 2nd, on
the fundamental of the optimal controller. Also at same year, same authors, [2], submitted a study to
investigate the closed and open loop time responses to active vibration concerning smart cantilever pipe
fluid conveying as simulation and experimental study of active vibrations. A program has been written to
simulate the lowering of active vibration of pipe stiffened with actuators and piezoelectric sensors in
ANSYS and language of parametric design (APDL). This use makes the ability of finite element for the
ANSYS program and it includes an amount based on the optimal control of linear quadratic named (LQR)
schemes to investigate closed and open loop time responses. Charts to investigate the closed and open loop
time responses. In addition, also at 2015, same authors, [11], active control of the resonance parametric, is
one of the main problems of active control. To overcome the problems of this control and then design the
active control elements and active control units under the resonance barometric designed. The linear part
as a controller on the theory of linear quadratic and then examined the work of the numerical control unit,
and determined stability of the pipe originally by the fluid velocity.

At (2017) Y. Beiming et. al. [12] Took the difference of the dimensionless of the frequency complex of
the two manners lowest of the cantilevered fluid-conveying pipe is derived theoretically relatively velocity
of the dimensionless flow. Further, some methods of stabilization are validity and proposed is empirically
examined. In this study presented equations of motion dimensionless and an analytical model are
introduced at first. So a difference of complex frequency dimensionless relatively velocity of the
dimensionless flow and the mathematical reason that causes vibration of self-excited and discussed it in
this study. Also at (2017) X. Dekui and N. Songlin [13] The researcher interested in studying the hydraulic
transport pipes and found a mechanism for vibration analysis and a mechanism to control these vibrations
and proposed a principle to improve the structural system. Proposed an optimum structural principle of
MR damper. Designed a type of MR pipeline vibration, and discussed the strategy of the pipe clamp and
the algorithm of semi-active control. In addition, at same year, M. Al-Walily et. al., [14], investigated the
effect of of crack angle nd velocity through the pipe on the vibration behavior for pipe, in addition to,
investigated its effect on the flow characterization on the flow of pipe. Where, the investigate included
using experimental and numerical technique to calculate vibration and flow characterizations of pipe.
These, the numerical technique include using of finite element method, by using CFD technique, to
calculate the natural frequency of pipe with crack angle effect and flow behavior with same effect. Also,
the experimental technique included calculated for natural frequency of pipe with crack angle, and then,
comparison the results together with numerical results calculated.

Also, at same year, M. A. Al-Baghdadi et. al., [15], investigated the effect of sand transportation on the
erosion behavior of elbow for pipe. Where, the investigation included calculated the erosion behavior for
elbow by using CFD technique by using three erosion models, and then, comparsion the results calculated
by experimental results. Finally, at 2018, R. H. Al-Khayat, [16], studied the effect of sand particles on the
erosion behavior for elbow of pipe with various pipe velocity effect. Where, the investigation included
calculated the erosion behavior for 3-D elbow by using CFD program. There, the investigation included
evaluated for erosion position for elbow with various fluid characterizations.

Therefore, at this work presenting the analytical analysis for general equation of motion for pipe with flow
induce vibration, to calculate the control for pipe vibrated by active control with using state space
technique. In addition to, the analytical solution included using the expression of Ritz-Galerkin technique
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to solvation the general equation of motion for different pipe supported condition. Where, the results
investigation the effect of hydraulic damper position and the base width of hydraulic damper, in addition
to flow characterizations, on the vibration response for pipe.

2. Analytical investigation

The analytical solution for engineering problem including drive for general equation of motion for system,
[17-20], and then, solution for its equation by using exact solution, [21-24], or numerical technique, [25,
26]. Usually, the analytical solution using to presenting the agreement for experiment, and numerical
results, [27-29], by comparison the experimental or numerical results by analytical results, [30-32]. When,
the solution for pipe vibration problem, for this work, included drive the general equation of motion and
solution by using Ritz-Galerkin technique to calculate the behavior of pipe with flow effect as a function
of x and time. In addition to, using the exact solution, with state space technique, to calculate the control
behavior of pipe with various flow and damper effect.

Theoretical analysis of the dynamical behavior and vibration of fluid conveying pipes in this section will
be offered. For more clarity, the chapter will be separated into two parts, the first study dynamic, and
stability of pipe conveying fluid, the second, active vibration control of pipes fluid conveying. So as to
conduct an overall investigation into the dynamic behavior of pipes conveying fluid a lot of ways of
solutions will be attempted. Based on the returns from former researchers, in the current chapter, the task
will focus on the analyses of the stability of the zero balance status of fluid conveying pipes under pulsating
flow. Primarily, the motion differential equation of pipes is built, secondly, the differential equation of
system state is gained through reduced order treatments, discretization and dimensionless. Then uses the
average method to forerun average treatment on the differential equation of system state, based on the
averaged independent equation, analyzes of stability of zero balance status done. Therefore, the differential
equation of motion for pipes is,

/(1 +as) EI%+ (MU2 — T+ AP(1 — 2v§) — ((M +m)g - MU) (L_X))%\

_ -0 (1)
\ — ((1 + a%)%fol“(y’)z dx) + M+ m) e Y+ ZMUa = Y1 M+ m)g /

where, a: viscoelastic coefficient (minimal value), T: axial force on pipe unit (cross section), E: elasticity
modulus of material, M: fluid mass per unit length, m: pipe mass per unit length, U: velocity of fluid, P:
the pressure exerted on the pipe ends per unit area for the fluid, A: flow cross section area, I: moment of
inertia for pipe, v: a Poisson's ratio, 86 = 1 for the motion at the lower end of the pipe is bounded and 6 =
o for the motion at the lower end of the pipe is free.

So as to get the differential equation of general motion, the equation of motion Eq. (1) necessary for it the
(dimensionless). Through that, to simplify the analysis of issues, the parameter of dimensionless is
submitted and changes are taking place to turn partial differential equation Eq. (1) into the dimensionless
differential equation. The parameters of dimensionless are,

1

y £ X M+m _( El )Ei _T_Lz __ PAL?
=y - M+m/ L2’° ~ EI’ T EI
1 1
_ALZ (M _( M \z _( El )EL
21 _(E) LU, M; (M+m) = \Mm/ 12 @)

If the movements are as follows, 1 = H(§)exp(iwT) are considered, the frequency (dimensionless) Q is
related with frequency (dimensional radian) w by,

Q = wl? \/(m¢ + mp,)/EI 3)

Plugging Eq. (2) into Eq. (1), the dimensionless differential equation is established,

u? =T+ -2v8) + (Mu—g)(1-9)

@) 4 @
N +an +< 1, 1 .y
—v J, )?dg — 2ay [ n'7'd?

>n"+ﬁ+2Mrui1’+§n’=O 4)
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In the equation, ()’ refers % , () refers %, Because of the minimal pulsating flow of system in this
research, assume,
u = uy(1 + pcos(wr)), u? = u3(1 + 2pcos(wt)), i = —uywp sin(wt) %)

Through that, p << 1 pointing to micro quantity, u, pointing to average velocity. Plugging equation (5)
into equation (4) and put nonlinear part and pulsating flow part on the right part of the equation, then the
equation is found dimensionless,

fj +2Mpug ' + o™ +n® + (uf =T +T(1 - 2v8) —gn" + 88" +8n’ =

Mruo(l)(l - E)n"sin(u)r) - ) w1 s n 1, 1N\2
u<(2u5n" + 2M,u, 7)cos(wr)) T 2N Jon''dE+yn" [y (")2dE

(6)

For the purpose of simplification analysis of the equation of differential motion, high order differential
equation dimensionless Eq. (6) is decrease and discretized for a reduced order differential equation through
Ritz-Galerkin manner. Assuming displacement 1 is a function for variables T and € , then the expression
of Ritz-Galerkin will be,

nE 0 =22, 0i(®.q; (v) (7

@; (§): The comparison function, q; (t): the generalized coordinate where satisfies whole the boundary.
And take the first two orders to proceed studies that is,

NG =210 qi (0 =06, (®) a1 () + 02 () 42 (O @®)

The vibration model function for pined at both ends of pipes is,
0; =V2sin(Af), =12 ©9)

The vibration model function for fixed at both ends of pipes is,

cosh(}j)—cos(A;) [

®; = cosh(A;€) — cos(A8) + Sh o) —sinGy)

sin(A;€) — sinh(A8)], i=1,2 (10)

A1 and A, are the eigenvalues of pipe, A; = m and A, = 2m are for pipes pinned at both ends, A; = 4.73
and A, = 7.8532 are for pipes fixed at both ends. The Eq. (8) is turned to matrix type, assuming,

_ (0, _ (11
¢ = {@2}’ Q= {QZ}
Then,
nE D =o"Q=Q"® (11)
Then, the general equation of motion for pipe, Eq. (6), can be written as,
$TQ+ 2Mruod TQ + ap™@TQ+ (uF — T - )" TQ+ FE"TQ + 5 TQ + $TQ
(quuO(l —§¢"TQwsin(wt) — u(2u§d""Q + 2Mupd Q) cos(wt) +> (12)
2ay f; QT¢'d'TQEP"TQ+v [y QTd'd'T QdE"TQ

Multiply @ = {gl} with two sides of (12) and then turned it to the following form,
2
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bdTQ + 2MupdpdTQ + abd@TQ+ (uZ — T — B)bd"TQ + 8Edd"TQ + Ebd'TQ + dHPTQ
~ (HMruo(l — 9" Qw sin(w1) — p(2uZdd"TQ + 2M,ubd'TQ) cos(wr))
N +2ay f; Q"d'd'TQAEPG"TQ + v [} QTd'd'T QdEDD"TQ
(13)

Make € integral to Eq. (13) at interval [0,1], and orthogonal substitutions for the trigonometric function,

80 k=1 [ ¢ dg=B, [} ¢¢"Tdg=C, [ 500Tdg=D
4
f01¢®(4)TdE=A: <)‘1 )\4>’E =B4+D-C (14)
2

Utilization Eq. (14), after lower order during (13) is,

A : M;u, (C—D)Qw sin(wTt) —
<(<ual(i>(§ﬁ§z++if§ N gEQ) - “u(_zzu 5&1(: ?MzS_OBQ);("S(z‘“) 1s)
ayQ CQCQ -y Q CQCQ
Where,
_1c
o=@ o= e

1
e —ECH

Where, b, C;4, C5,, and e are calculation for various boundary conditions as,

1. For pipes (pinned at both ends), this is calculated, b = g, Cyy=—m2% Cyy = —4m? e = %0.

2. For pipes (fixed at both ends), this is calculated, b = 3.342, C;; = —12.3026, C,, = —46.0501, e =
3.3426.
Then, by using Eq. (16) into Eq. (15), and after arrangements, get,

2 1_ 4 —
(fh> n ( alf _Mru0> (fh) n (uo —T- Eg) Cin + A4 g¢ (‘h)
qdz 2Mru0b (04 7\3 dz ge (ug —T-— %g) Cyp + le qz
_ (Hi Q
=(i;)~(02) a7
For, H, pulsating flow part, Q, nonlinear part. Then the specific terms are,
[ (2‘15011 0 ) d1 1
1
~c -b—e [ 2 ( ) *
(Hl) (2™ L (ql) w sin(wTt) — 0 2ujczz) N2 - |cos(w1) (18)
H, b—e -c, dz ( 0 —2Mru0b) (ql)
2 2M,ugb 0 A2

(&)= v () (@) (5 6 @)+ (19)
P e o Q)@ G)@)

Then, Eq. (17) it is possible to change into first mode state differential equation, as,
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Xq 0 0 1 0 X1 0 0
X5 0 0 0 1 X; 0 0
) = - 2
X3 a; Az Az A4 X3 i Hy Q1 (20)
X4 a; b, —a, by/ \X H, Q;
2 1_ 4 = 4
where, a; = — (uo -T- Eg) €11+ Af,a; = —ge,az3 = —a 1],

dyg = ZMruOb, bz = - (U(z) -T _%g) Coo + }\%, b4, = —O(XZL

The simulation response of system motion will depend on this equation. The Eq.(20) after adjustment can
write as follows,

%, 0 0 1 0\ /% 0 0
L\ [0 0 0 1)\[x 0 o
X3 ] \ar az a3 as || X3 i H; — 2] q3 Q1 @0
)'(4_ az b2 _a4 b4, X4- HZ - a }Lg q4, QZ

Because of the damping factor (a) is a small amount, therefore assume, o = pa. After simplification of a
matrix of Eq. (21),

X = SX + p[wsin(wt)B; — cos(wt)B, — aB3]X — yNX (22)
Where,
X=[x; X, X3 X4|T
0 0 1 0 / 0 0 0 0\
0 0 0 1 ) 0 0 0 0
5= -t —Beyy —ge 0 2Mugb [B1=| 31 —b—e 0 0|
—ge =23 = Bczz  —2Mugh 0 \b —e %011 0 0/
0 0 0 0 0 0 0 O
0 0 0 0 0 0 0 O
Bo=|2u2c,, 0 0  —2Mupb | B3 = <0 0o 2 0
—ge  2u3cy; 2M,ugyb 0 0 0 0 Aj
0 0 0 0
0 0 0 0
N= X7ty X1X2€11C22 2ax7 cfy 20X1X5C11Co2
X1X2C11C22 X3¢3, 20X1X5C11C22 20x5¢5,

Above modification just contain system linear parts, the nonlinear portion influences not taken into
consideration for system stability through the state of zero balance (excluding critical attitudes),

X = SX + p[wsin(wt)B; — cos(wt)B, — aB3]X (23)

When critical velocity is bigger than average velocity, or u.. > ugy, own matrix S two pair from
eigenvalues (pure imaginary ). Note that u.,, critical velocity, with term,

Y
2
2 _
“lry 1_ 4 —(cq1 A3+cy,y ?\‘{)+\[(c11 Ad—con AT) +4cq5cp,8%€2
Uer = 28

(24)

2C11C22

In case of negligence the preload and gravity u., will be simplified as follows,
- /_ A _(m p—p
ter = =5 = { 6 381 c—c 23)
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3. Results and discussion

This section deals and discuss theoretical results for vibration and active control vibration of pipes
conveying, for the various fixed cases (Simply support, fixed-pinned, fixed- fixed and cantilever) pipes,
and different values of pressure (1 bar , 3bar , 4.5 bar). Discussion of the parameters effect of the main
pipe as pressure, damping, velocity and mass ratio, on the given dynamic behavior.

The general equation of the pipe was used in the analytical aspect, where it was derived and applied to
each case of fixation after applying the boundary conditions. The results were obtained by using Matlab
2018. In order to justify the work and theory studied, The Matlab simulation was then used to control, in
the manner of the servo schemes. Thus, the investigation included various parameters effect and calculated
shown in Figures 1 to 4, as,

1. Effect of the hydraulic damper position on response, as shown in Figure 1.

2. Effect of the base width of hydraulic damper on response, as shown in Figure 2.

3. Effect of the damping on response, as presenting in Figure 3.

4. Effect of pressure on response, as given in Figure 4.

Figure 1 showed the relationship between the damping time and the amplitude and for various damper
locations, with u, = 1, « = 0.01 , and base width of hydraulic damper (AT = 0.1).
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(b) C-P pipes at different damper positions.
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Figure 1. Displacement response curve at different damper positions.

Note that the system tends to stabilize earlier of pinned at both ends of pipes conveying fluid at &, = 0.353,
but the lowest amplitude at &, = 0.647 while at &, = 0.488, the amplitude is becoming larger and the
system wave frequency is lower and this is logical in such instances of pipe fixation. While the installation
(c-p) of the pipes, note that the system tends to stabilize earlier at &, = 0.647, and the lowest amplitude at
€, = 0.647 while at §, = 0.488, the amplitude is becoming larger and the system wave frequency is lower
and this corresponds to the previous installation state.

When the installation manner of pipe type is fixed for both sides, note that the system tends to stabilize
earlier at £, = 0.647, and this corresponds to the case (c-p) of the pipe, but it differs from the case (p-p)
of the pipe, and the lowest amplitude at £, = 0.647 and this corresponds to the cases (p-p), (c-p) of the
pipes. As for the last fixation case which is fixation of the cantilever pipe, the lowest amplitude and less
disturbance at §, = 0.353, this means that the damper is best positioned at the beginning of the cantilever
installation despite the increased stabilization time.

Figure 2 showed the relationship between the damping time and the amplitude and for the different width
of the base of the damper (Af), with the same survival locations previously selected for the damper, with
u, =1, a=0.01, and damper location §, = 0.5.
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Figure 2. Displacement response curve at different AE.

As for the pinned fixation on both sides, notice the stability of the system earlier when the width of the
base of the damper is equal to 0.2 and the minimum amplitude at A = 0.05 with little disturbance
compared to A = 0.15 and A = 0.2 . The highest wave amplitude disturbance occurs at AY = 0.2, this is
almost similar to the results of a pin-fixed installation. In the case of fixation for both sides we note the
symmetry of the wave amplitude produced by the oscillation and stability at the fourth second and stability
occurs for all cases of AE at the same time. As for the cantilever pipe, there is a large wave amplitude
disturbance at A = 0.2 and A§ = 0.15 .But at these values, early stability occurs compared to A = 0.05.
Comparing the four charts, we find the fastest stability at the cantilever pipe, at A = 0.15 and A§ = 0.2.
Then, Figure 3 showed the relationship between the damping time and the amplitude and for various
coefficient of damping, with u, = 1, &, = 0.5, and base width of hydraulic damper (A§ = 0.15). For the
first case we find the fastest stability and the lowest amplitude and turbulence of the amplitude of the wave
at a = 0.3 with the synchronization of the maximum wave amplitude of all damping values and the results
obtained are almost identical to the second and third stabilization, except for a slight difference in capacity
and stability time. As for the cantilever pipe, the maximum amplitude at damping is o« = 0.1 and the
minimum amplitude at « = 0.3 and a short stabilization time is achieved. Finally, Figure 4 showed the
relationship between the damping time and the amplitude and for different pressure values, with a = 0.01,
and base width of hydraulic damper (A = 0.1), £, = 0.5.
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Figure 4. Displacement response curve at different II.

Note all cases increase the stability time when the pressure increases with the increase in the amplitude,
and note that there is a significant disorder at the cantilever pipe but less disturbance when reducing
pressure and this applies to the rest of the cases. Conclude from the above that the increase in pressure
leads to the failure of pipe systems at certain limits if the results are not calculated with high accuracy.

4. Conclusion

From discussing the theoretical results and vibrations that occur in each case of pipe fixations and the

process of controlling the system and obtaining these results in detail for each case when changing the

parameters of the system or changing the structures of the system will be presented conclusions as follows

below,

1. The analytical solution for general equation of motion, by using state space control technique, is good
tool can be used to calculated the dynamic pipe response induce vibration with various pipe boundary
condition, for different parameters effect.
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2. Found in all types of fixations of pipes decreases of natural frequencies when increasing the flow of
fluid. In all types of pipe fixations increase the speed increases the pressure and therefore an increase
in vibration and therefore a decrease in natural frequencies. When the speed is increased, the control
performance decreases due to the increased force of Coriolis.

3. The results of the change of the parameters of each fixations, were compared with each control theory
used and found a match in stability and response.

4. The increase in pressure for critical speeds, reduces those speeds for all types of fixings for pipes,
increase the proportion of mass less critical speeds and all types of fixations for pipes.
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