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1.1~ ABSTRACT:

This work deals with the investigation of torsional vibe
ration for the low pressure centrifugal Nile irrxigation pumps
(L.P.C.N.I.P), using two types of prima moveks, electric and
diesel with variable speeds, coupled rigid and*flixable, with
and without non-return valve, using rubber and steel pipes on
the suction side. The water pureness was varied.

1.2« INTRODUCTION;

The vibration phenomena in centrifugal pumps largely dep-
ends ong °

a « Mechanical Sources
« Type of prime mover,
Speed of rotation 2%,
Construction of pump set (ahafts, bearings, coupling,
impeller, valves and pipea), 2%,
- Type of suction and delivery sides,
. Foundation and fixation.
b « Hydraulic Sources:
Water head, 8w
Water pureneas,
Cavitation, 3%, 4%,
Turbulence, 2%, 3%,
Separation 2%, 3%,

t ot -t

It must be taken41nto consideration the effect of; the
primemover, speed of rotation, the coupling, the non-geturn
valve, the material of suction side and water purenessa. )

'Alllother acting factors were neglected. The type of the
investigatdd (L+P-CeN+I-P) was double bearingsa. All variable
values were measured and recorded on 12 multichannel regorder-

PHILPS Type (PR 9034).

1)Apndel-tady abdel-Bary Nasser, B.Sc. Ph.D., Prof., dead of
Production kny. o« dacnine vesliyn vept., raculty or nugxueerxug
& ‘fecnnoloyy, Menoufia University,

4 )saad Mohamed Wehabaa, B.sc., Ph.D., Professor,
Chairman of Mechanical Power kng. Wepartment &
Dean of the Faculty of Engineering & Technology,
Menoufia University.

3) Esam Ahmed Salem, B.®c., M.Sc., Ph.D., Professor,
Faculty of Engineering, Alexandria University.

4)Ahmed Mahmoud Ekasa, B.Sc., M.Sc., Lecturer, Faculty
of kngineering & Technology, Menocufia University.




Y Y T

3.3« EXPERIMENTAL WORKS

The arrangement of the station used for these investig~
ations shown in fig.’ (la, lb). ‘This station was designed
and constructed at the Faculty of kngineering & Technology,
Shebin EL-Kom Menoufia University. It consiasts of the tested
centrifugal pump which have the following specifications;
Motor horsepower 10 H.P., suction. and delivery pipes diameter
6 inches, main supply tank, a delivery calibrated tank, five
speeds conical pulleys system, a calibrated torxque transducer
on the impeller shaft - PHILPS type (PR 9380 R/50) Fig. (2).‘
a calibrated force transducer on the electric motor = PHILIPS
type (PR 6205/23) Fig. (3), a calibratéd R.P.M. transducer
fixed beside the impeller shaft = PHILIPS type (PR 9373) Fig.(4)
and vibration measuring system has the following elements;
- Multi-channel recorder- PHILIPS type (PR 9034) Pig., (7).
=~ Tranasduces type AV 100 C Serial B.A.S. B.E.F.A, No. £x. 71080
(B) ENGLISH ~ which fixed on the measured parts as shown in
Fig. (5).
~ Vibration measuring system- ENGLISH type =~ 2000 Series 2 chanw-
nals system A, V, D in each channel shown in Fig. (6).

The transducers were fixed accurately in vertical and
]
horizontal positions Fig. (5), the calibration for every trans-
ducer is shown in Fig. (8).-

‘The calibration of force transducer was made as shown in
Pig. (3), the torque acting on the shaft was measured by a tore
que transducer which was calibrated as shown in Fig. (2), the
calibration chart is shown in Ffig. (9).

The rate of flow was measured by a calibrated orifice
meter, the suction head was measured by a calibrated vaccume
meter, another three calibrated pressure gauges were used foy
measuring; delivery head, up and down stream pressure of orife
ice metexr as shown in Fig. (10).
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1.4~ THEORETICAL ANALYSIS:

In order to estimate the torsional vibration on the sys-
tem must be determine the stiffness of each element, the
equivalent system and equation of motion 1%,

1.4.1. Stiffness:
l1.4.1.1. Shaft

The stiffness of the shaft can be generally determined

from the following equations

G qr. g%
32 L.

C =

Where:

G 3 Torsional elastic modulus ...........Kg/sz.
L ¢t Uniform shaft length c.csactccssassss Cm,
a ¢ Shaft'dlameter sobesecshanacnnnasts Cmy

The stiffness can‘also be determine by tlie following
equations '

o mwl u 32 ey * Y

[ T.¢ ° d“
whefe: ]

e : Nomber of rad. of cylinderical shape per unit of

torsion moment 1% , »
. : h

K : Key factor (Kkey = 1,0 + 10 d),

h 3 Key height in Cm.,

d : Shaft diameter in Cm.

1.4.1.2 Coupling Stiffness:

The stiffness of coupling can be calculated with the
same natations as follows:
1 32 L

e--&- -Tr"c'. D4-- £ .
wheres

kf t Flange factor,

, : 1
0.5 n (“‘B)
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Bolt diameter

—~Gon-

Nomber of bOlts .evee.,
Flange Giameter .eeeessesscesscsccsses O

1.4.1.3. Equivalent Stiffness:

AR R E LR R E R R RN Cm,

The equivalent stiffness of the system can be calculated

by the following equation;

eq.

2
¢

+

1
C

+ .o..----!c}--t.‘.‘.“"

Y
¢
n

Table (1): represents the calculated stiffness for the

parts of the system used.

Table (1) .
Part Equivalent stiffness Kg.Cm/rad.
shatft part (1) 0.0257 x 10‘5
Shatt part (2) 0.0514 x 10™3
Shaft part (3) 0.0310 x 1073
Shaft part (4) 0,0899 x 107>

- S0, simplest equivalent stiffness of the system equals to: .
R

; C

agquivalent

a  505050.50

1.5- EQUIVALENT MASS SYSTEM3

Kg.Cm/rad.

In order to determine the equivalent mass system, the mom=
ent of inertia of each part must be determined.
the determination of the moment of inertia for the system shown
in Pig. (1l1a and 11b) which represented in Table (2) for diff-
erent apeeds of the system dnd electric motor.

In what follows

Table (2)
moment of inertia J, 3 J, 2
RJ.P.M. Kg- Cm. Sec Kg. Cm. Sec
1350 1185 645
1580 1185 127G.88
2350 1185 2057.55
27Q0 1185 2573.55
3300 1185 3276.60
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The system was simplified as shown in Table (2) to two
equivalent masses considering moment of inertia for rotor is
Jl' the another parts (impeller, shafts and coupling) is JZ‘
By the same steps Table (3) gives the moment of inertia of

the system with diesel engine.

Table (3)

Moment of Inertia J J-

. 1l ]
R.P.M Kg. Cm. Sec2 Kg. Cm. Sec2

1350 17820 645

1550 17820 1270.65
2350 17820 2057.55
2700 17820 2573.55
3300 17820 3276.60

1.6~ CALCULATION OF THE MAX. DYNAMICS LOADS OF THE SYSTEM3

The equation of motion for the equivalent system is:

38, *cp (L -9%) =
T8p +Cy (=) =y

e

Ji =~ equivalent moment of inertia of

Kg.Cm.Secz,

gy - equivalent moment of inertia of

Kg.Cm.Secz. Il
c

¥, .7

2

1‘
M
My

These equations can be simplified as follows:

2 .
Mg +Bi, e M, =

wheres - o

12~ equivalent stiffness, Kg.Cm./rad.;
- angular displacement, .
= equivalent driving torsional moment, Kg.Cm,
- equivalent driven torsional moment, Kg.Cm.

e

LR NN NN W N N

[ E RN NN NN NN

1w
1*

the driving part,

the driven part,

12 ) L
Jl .Jz (Ml . J2+M2 . Jl) 'ooon-coo(l)

Mn « tha elastie torsiovnal moment between fil & Ty

M2 =

C1a (¥ -¥y)
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'B12 - free frequencies'of the system,

1. 1
ﬂlz = clz (3" + 3—) ...-......(2)
1 2
From the previous equations, we can written in the
form of general solution of the equations finding the max.

torgsional moment as follows:

P S M T L, 8inTA ]
12 Jl + JZ r k
where: '

Ml J2 +M2 Jl

9, O,
A T . B
= R

= Static torsional moment,

In theé case of diesel engine Jl - RR‘ can be considered

relativilly very large compared with Jz. Then the system well be'.;'
‘studied as ©one mass syatem (J, =co). From equation No. (2).
The free frequencies (Bla) for both typas of prime-movers was
obtained. Table (4) represents the eguivalent stiffness (Cy5)
,and free frequencies (Blz) of the system fqr'diffarent speeds
anq both typea of prime-mayexs.

. Table (4)
Ttems [ Kg.Cm./rad. B,
R.P.M. Electric |Diesel Electric| - ‘Diesel
1350 5.051%10°|5.051x10° | 34,74 28,48
1550 9.95 %10°|9.95 x10° | 40.72 28,96
2350 1.61 x10%]|1.61 x10%| 46.27 . 29.54
2700 2.02 x10%!2.02 x10%| 49.85 . 30.02
3300 2.6 x10%]2.60 x10° | 54.68 30.64

From the analysis of the graphic chart for the torque tran=-
suducer reading. the frequencies of the system taken a small
values compared with the theoretical results because the damp- |,
ing of liquied and parts takes a large effedt on this iten.
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The following tables (5 and 6) gives the | values for
different times of startes, for different speeds and for
various types of prime-movers.

{electric motor) Table (5)
T
8eQC.

RoPM. q 0.0% {0.02 {0.03 J0.0¢ | 0,05 | 0.06 | 0.07
1350 0.06 |0.11 lo.17 Jo.22 | 0.28 | 0.33 | 0.39
1550 0.065]0.13 [0.19 {0.26 | 0,32 | 0.39 | 0.45
2350 0.07 |0.15 |0.22 0.29 | 0,39 | 0.44 | 0.52
2700 0.08 {0.16 {0.24 | 0.32 | 0.40 |0.48 | 0.56
3300 0.09 |0.17 10.26 10.35 | 0,44 | 0.52 | 0.61

{Diesel engine) Table (6)
T
sec 0.01 |0.02 {0.03 {0.0¢ | 0.05 | 0.06 | 0.07
R.P.M.
1350 0.045|0.090|{ 0.138{0.180 | 0.230 | 0.270 | 0.320
1550 0.046}0.092] 0.140,0.184 | 0.230 | 0,280 0.322
2350 0.047{0.094|0.142{0.190| 0.236 | 0.282| 0.330
3300 0.050}0.100{0.150]0.200] 0.244 | 0.290] 0.340

1.7~ DIFFERENT PROPOSED METHODS OF VIBRATIO& MINIZATIONS

Vibration in irrigation pumps can be minimized using the
following three proposed methods:

1.7.1= A study of using different materials for suction systems

Vibration measurements were done using two types of suct=
ion pipes, one of steel which is used in the project of
electrification of irrigation means in Menoufia G@overnorate
and the other is of a rubber material which is usually used
in irrigation pumps.

Fig. (12) illustrates the measuring points in the pump
under study using the measuring station of vibration whieh
is used in our investigation.
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The effect of using suction pipes of different mat-
erial on vibration was carried out using two types of
primemovers (electric and diesel motors) and using a con-
ical pullyes system of five speeds (1350, 1550, 2350, 2700
and 3300 R.P.M.). The vibration was measured at different
values of the capacity (Q) to obtain its effect on vibrat-
ion at suction side.

1.7.2= Using of flixable coupling between the motor and the
irrigation pump. '

The rigid couplings were used in the research to study
the effect of motor vibration on the system. In this work-
a flixable coupling is used to study its effect on the vibe-
ration of the pump. The study was carried out using two
types of prime movers (electric and diesgel motors) and using
a conical pulleys system of five speeds (1350, 1550, 2350,
2Y00 and 3300 R.P.M.). The vibration was measured at diffe-
erent capacities (Q) to obtain its affect on the vibration
at bearing No. I besides the motor.

1.7.3= Release of the Non-Return Valve:

The part of,worke aims to studying the effect of releas-
ing the nonereturn valve on the vibration during the non-off
operation. The study was carried out on the same system
using a pulleys system of five speeds and different capac-
ities to study their affect on the vibration of the system
when releasing the non-return valve.

The problem that faces us in this study is the preparat=
ion processes which takes along time using the preparation
pump. For ideal preparation this unit must have no leakage
.in any part of it.

1.8 EXPERIMEN?QE RESULTS ¢
1.8.1- Torsional vibration results:
Table (7) gives the torsional moment using different
prime«novexs at different speeds and different types of
water.
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1.8.2« Vibration results of the suction system:

Table (8) gives the vibration values at different speeds,
average capacity and different prime-movers for the rubber

pipes with respect to steel pipes (at suction side).

Table (8)
R.P.M. . :
1350 | 1550 | 2350 | 2700 3300
Prime movers
Amp. 18.5 | 22.4 | 26.8 | 14,0 9.2
Electric
Motor u | Vel 2.0 2.9 3.4 1.7 1.2
H
N
“e | Amp.| 22.0 | 26.2 | 31.0 | 17.5 | 11.4
Diesel Engine| ,
: : Vel.] 2.30 2.7 4.2 2.2 1.5
Amp.]| 25.2 30.5 36.5 19.1 12.5
Blectric o . -
Motor Elvel 2.7 | 3.3 | 4.6 | 2.3 ] 1.6
I . !
B | amp.] 30.0 | 35.7 | 42.3 | 23,9 | 15.5
Diesel Engine| 3
. e | Vel 3.1 3.7 5.7 3.0 2.0

1.8.3~ Vibration results for changing the. stiffness (coupling):

Table (9) gives the percentage increasing ratio of vibrat-

ion values at different speeds, average capacity and different
types of couplings for the rigid coupling with respect to flex-
ible coupling (horizontal and vertical measurements for bearing
No. 1) using electric motoxr. Bearing No. 1 was.choseh to be
measured because it is lay near to the motor and consequantly
it is largely affected by the coupling type.
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Table (9)
. —_RePeMe 4350|1550 | 2350 | 2700 | 3300
Measure posiﬁisa“‘*-,~4
Horizontal | .« | Amp. | 5.0 | 4.0 | 1.6 | 4.0 4.0
& | vel. | 8.0 8.0 | 24.0 7.0 8.0
o~
8 1
Vertical o | Amp. | 4.5 | 4.2 115.9 4.0 4.1
A [Vel. [ 7.5 | 8.1 | 23.0 7.1 8.2
. v Amp. | 6.8 | 5.5 | 21.8 5.5 5.5
Horizontal ™
& | ver. f10.9 j10.9 |32.7 9.5 | 10.9
™
& ! amp. | 6.1 5.7 |21.7 5.5 5.6
Vertical o]
i vel. |10.2 {11.0 |31.4 9.7 11,2

1.8.4~ Vibration results of the releasing of non-return valve.

Table (10) gives the amplitude for the release of the non-
return valve with respect to up release of it for different
prime-movers and different speeds. (For average capacity).

Table (10)

RePsMe | 1350 {1550 | 2350| 2700 | 3300
Prime mover

Electric Motor 0.38 | 0.31 | 0.71| 0.35 | 0.58

Diesel Motor 0.39 0.28 0.20 0.33 0.59

Electric Motor 0.52 Q.42 0.23 0.47 Q.79

Diesel Motor

150 m®/hr.|110 m>/hr

0.53 {0.38 | 0.27 { 0.45 | 0.80
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1.9.- CONCLUSION:

' The torsinonal vibration mainly depends upon the ton-
structive values of the system (moment of inertia and stiff-
ness of considerable shafts), the form of starting and work-
ing moment, and the transidient time/starting (on) and braking
(off).

From Figs (13a and 13b) and work 1* to minimize the
dynamic loads néar to the static, we must reach A = (8 : 10),
that means the controlled switching time T must be within
(1.46) second for E.M. and {(1.76) second for diesel engine.

In formula (1) “12 dynamic = (1.03 1.037) M, static,’
When J‘ = 8.5 3 10.5. !

At the working conditions the driving moment of the
electric motor is steady, so the torsional vibration is steady
too. But the driving moment of the diesel engine is sine wave
and that cases (37 i 45%) dynamic loading at speed (1350-1550)
R.P.M. By increasing the R.P.M. that ratic decreases to(4314%).

It may be recommended that it is preferable to design
the (B.P.C.N.I.P.) works of 250033000 R.P.M.

‘v}( &

The torsional vibration increases by the use of digsel
engine'because of the transedient conditions, the form of the
working driving torsional moment, and circumstances. '

The torsional vibration in irrigation low head pumps is
affected by changing the water pureness. The torsional (vib=
ration increases with the increase of the mud ratio. When the
mud ratio is 1/40 the torsional vibration increases by 3% than
that of drinkage water and by 9% for 1/20 mud water when using
electric motor as a prime mover as shown in Fig. (13d). When the
diesel motor is used this ratio becomes 14% and 22% for 1/40 and
1/20 mud water respectively, that is larger than what had cbtained
using electric motor = as shown in Fig. (14). So it is clear that .
the torsional vibration using diesel engine is larger than using
electric motor by 0.8%, 12% and 13% for drinkage water, 1740 and '
1/320 mud water respectively which illustrated in Fig. (15).
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The increase in torsional vibration for different
types of water is due to changing the specific gravity of
water resulting from increasing the mud ratio which increases
the water moment of inertia and consequantely increases the
torsional vibration. 8*,

In the case of using steel suction pipe, the dynamic
of the system is take a steady values during working, But
its take a variable values when using rubber types. ‘

4

The relation between the capacity (Q) and amplitude
(Anmp) wusing steel and rubber pipes in suction system is shown
in Fig. (16). From the figure it is clear that the amplitude'
in case of rubber pipes is higher than that of steel pipes at
the same capacity by a ratio of (1.3) approximately. This in-
crease in amplitude is approximately constant for the different
speeds sven when the gpeed reaches 2350 R.P.M.. When the speed
exceeds 2350 R.P.M. the amplitude begins to decrease but the
amplitude of rubber is still higher than that of steel with the
same ratio for speeds (2700 and 3300 R.P.M.).

. The relation between the capacity (Q) and vibration vel=-
ocity (V) is given in Fig. (17) which has the same trend as
that obtained for tﬁe (Q = Aamp.) relation.

The relation between the capacity (Q) and acceleration
(Acc) has the sama trend as that obtained for the (Q~V) relate
ion. '

The increase in the capacity (Q) up to 180 mﬁ3/hr. leads
to an increase in the vibration and then its beigin to decrease
for discharges more than 180 mt3/hr.

The increase in vibration resulting from using rubber
pipes is due to the low rigidity of rubber pipes which makes
it easy to vibrate, the rubber pipes is fixed from the pump
side only and its have a waveness surfaces.

In the case of using a both type of couplings (Rigid and
£lixable) and from the analytic part, ita olear that the dynamia
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of the system increases with using rigid coupling. 8o in the
experimental work this phenoména become more clear specially

at B, beside the coupling.

The relation between the capacity (Q) and the amplitude
{Amp) for bearing (1) using rigid and flexible coupling is
shown in Fig. (18). The figure shows that the amplitude in
~ case of flexible coupling decreases by 30% than that for rigid
coupling which is approximately constant for each speed. Fig.
(19) represents the relation between the capacity and vibration
velocity which indicates that the vibration velocity increases
with the same ratio when using rigid coupling.

The relation between the capacity (Q) and acceleration
(Acc),takes_the same behivour as (Q = V) relations,

The increase in the capacity (Q) up to 180 mts/hr. leads
to an increase in the amplitude and vibration velocity and then
the amplitude begins to decrease for the discharge above 180
mt /hr. at all speeds nearly.

The effect of capacity on the amplitude for both cases

on suction pipe at releasing and unreleasing of the non-return
valve is shown in Figure (20). The figure shows that the amplit-
ude decreases at the starting operation by 5% when releasing the
non-return valve and 40% at the stopping moment. This decreasing
percent is approximately constant when using electric or diesel
motors. This phenomena is due to get red of part of the hammer
resulting from stopping the pump.

The relations of (@ = V) and (Q =~ A, ) takes the same
trend as the (Q - Amp.) relations.
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Fig(l0) Pressure Gauges For Different Pressure
Meas urements.
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Fig.(1i2) ';Mea.surlhg Points at Suction and
Delivery Sides. |
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