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1 .1- ABSTRACT t 

This work deale w i t h  t h e  investigation of tore ional  vib-. 

ra t ion  f o r  the low preesure centrifugal, Nile i r r i g a t i o n  p u m p  
(L.P.C .N .I .P) , using two types of prime moveks , e l e c t r i c  and 
diesel w i t h  var iable  speeds, coupled r ig id  andrc.Elixable, with 
and without non-return valve, using rubber and steel p i p e  on 

the auction side. The water pureness was varied. 

The vibrat ion phenomena i n  cent r i fugal  pump8 l a rge ly  dep- 
~ J U ~ S  on$ ' 

e - Mechanical Sources2 - Type of prima mover, - Speed of ro ta t ion  a* ,  - Construction of p a p  set (shaf te ,  bearings, coupling, 
impeller,  valves and pipee 1 , 2 * , - Type of suction and delivery a ides ,  - Foundation and f ixa t ion.  

b - Hydraulic Sourcest 
7 Water head, 8* - Water' pureness, - Cavitat ion,  3*, 4*, - Turbulence, 2 * ,  3*, - Separation 2* ,  3". 

It  muet be taken i n t o  consideration the a f f e c t  o f t  the 
primaanver, sped of ro ta t ion ,  the coupling, thg non-return 
v d v e ,  the mnteriaL of auction side end water pureness. 

a A l l  o ther  act ing f a c t o r s  were neglected. The type of the 
inveetigatdd (L*P-C-N.1.P) wae double bearings. A l l  var iable  
vsluee were mewured and.recorded on 1 2  multichannel reaeleder- 
PULPS Type (PR 9034). 
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The arrangement of the  s t a t i o n  used fox these inve8tig- 
ations shown i n  P i g , ' ( l a ,  l b ) .  Thie s t a t i o n  was deaigned 
and constructed a t  the  Faculty of dnyineeriny Q( Technology, 
Shebin E L - K ~  Menoufia University. I t  cons i s t s  OE the tested 
cen t r i fuga l  pump which have the following specifications: 

Motor horsepower 10 H.P., suct~on qnd del ivery  pipee diameter 
6 inchee, main supply tanks a del ivery  ca l ib ra ted  tank, f i v e  
speeds conica l  pulleys system, a ca l ib ra ted  toxqus transducer 

4 

on the impeller  s h a f t  - PtiILPS type (PH 9380 w 5 0 )  Pig. ( 2 ) .  
a ca l ib ra ted  force  transducer on the e l e c t r i c  motor PHILIPS 

type (PA4 6205/23)  Fig. ( 3 ) ,  a cakibrated H.P.M. t x ~ n s d u c e r  
f ixed h g i d e  the  impeller s h a t t  - PriXLIPS type (PA3 9373) &'ig.(4) 

and vibra t ion  measuring eystem has the tolllawing elematat - Multi-channel secorder- PHILZP3 ty- (PK 9034) Pig* (7)  . - Transducee type HV A00 C S e r i a l  B.A.S. E.E.B.A, MQ. 1Ex. 71080 
( 8 )  &hGLISH - which f ixed on the  meaewed parts a8 shown in 
Pig. (5) .  - Vibration measuring eyetan- VNQLXSH type - 2000 Yeries 2 chan- 
n e l s  aystem A ,  V, I> i n  each channel ahem i n  Big.  (6). 

The transducers were f ixed accurately in v a r t i a a l  and 
'4  

horizontal  posi t ione Fig. (51, the ca l ib ra t ion  f o r  every txans- 
ducer is shown i n  Fig. ( 0  ) . 

The ca l ib ra t ion  of force transducer waa made ae shown i n  
Pig. ( 3 ) ,  the torque ac t ing  on the  shaft was meaaured by a t o t -  
que transducer which was ca l ib ra ted  as shown i n  P i g r  ( 2 ) ,  tbC 
ca l ib ra t ion  chart is shown i n  Pig, (9). 

Tias rate of flow w i 8  measured by a calibratsd or i f ice  
meter, the suction head was measured by a ca l ib ra ted  vaccuaw, 
meter, another three ca l ib ra ted  prerreure gauges were used fol: 
measuring: de l ivery  head, up and down stream preoeuze of orif- 
ice meter as shown i n  Big. (10). 



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 l*. 

1.4.1. Stiffness: 

1.4.1.1. Shaft 

m e  stiffness of the shaft can be generally determined 

from the following equation: 

Where r 
2 . ......... G r Torsional elastic modulus r~Kg/Qn ................ L t Uniform shaft length Cm, 

d t Shaft'diameter: .................... Cm,. 

The stiffneee can aleo be determine by the following 
equation t 

where: LC 

,e ; Bomber of rad. of cylinderical shape per unit of 

torsion moment l* , 
K : ~ e y  factor (2 - 1.0 + 10 2). 

eY 
h t Key height in Cm., 

d t Shaft diameter in Cm. 

1.4.1.2 Coupling Stiffness: 

The stiffness of coupling can be calculated with the 

same notations as follows; 

where t 

kf : Flange factor, 



Bolt diameter ..................... Cm, 

Nomber of bolts ....... ....................... Flange diameter Cm. 

1.4.1.3. Equivalent Stiffness: 

The equivalent stiffness of the system can be calculated 

by the following equation; 

Table (1): represents the calculated stiffness for the 

parts of the system used. 

Table (1) 

Kg. Cdrad .' 

part - 
Shaft part (1) 

Shaft part (2) 

Shaft part ( 3 )  

Shaft part (4) 

1.5- EQUIVALENT MASS SYSTEMS 

-- 
Equivalent stiffness Kg.Cm/rad. 

0.0257 

9.0514 lomS 
0,0310 x 10'' 

0.0899 x mn5 

In order to determine the equivalent mas6 8ystem, the mom- 
ent of inertia of each part must be determined. In what follows 

the determination of the moment of inertia for the system shown 

in Fig. .(lla and llb) which represented in Table (2) for diff- 
erent speeds of the system and electric motor. 

Table ( 2 )  

So, simplest equivalent stiffness of the eyetem equals tot . 
'L 



The system was simplified as shown i n  Table ( 2 )  t o  two 
equivalent  masses considering moment of i n e r t 4 a  for  rotor is 

a J1, the  another p a r t s  ( i m p e l l e r ,  s h a f t s  and coupling) is 
J2. 

By the same s tep  Table (3) gives the  moment of i n e r t i a  of 

the  system with d i e s e l  engine. 

Table ( 3 )  

Moment of I n e r t i a  
=1 2 

Kg.  Cm. Sec ~ g .  ~ m .  ~ e c  2 

1.6- CALCtJLA'PION OF 'm MAX. DY-ICS LOADS OF THE SYSTEM; 

The equation of motion f o r  the  equivalent  syetern i a :  

~ ~ ' 0 ,  + Cl2 Y - ! = 5 ".......*. l* 

'$4 
where a 

Ji  - equivalent  moment of i n e r t i a  of t h e  dr iv ing p a r t ,  
2 Kg.Cm.Sec , - 

J2 - equivalent  moment of i n e r t i a  of the driven p a r t ,  
2 

Kg.Cm.Sec . , 
C12- equivalent  s t i f f n e s s ,  Kg.Cm./rad., 

yl, 'fa- angular displacement, 
MA - equivalent  d r iv ing  to r s iona l  moment, Kg.Cm, 
3'- equivalent  dr iven to r s iona l  moment, Kg.Cm. 

Theee equations can be s impl i f ied  a8 f o l l ~ r ~ b t  

- 

where t 



,B12 - f r e e  f requenciee of the  system, 

From the  previous equations, we can wr i t t en  i n  t h e  

form of general  so lu t ion  of the  equatio~s f inding the max. 

t o r s iona l  moment a s  follows; 

where : 

Ml 32 + M2 J1 = S t a t i c  to r s iona l  moment, 
J1 + J2 

Xw t he  case of d i e s e l  engine J1 = %, can be conaidered 
r e l a t i a t i l l y  very l a rge  compared with J2. Then the  eyetem w e l l  be 

hed as mass syatam (J1 = -) . F x m  equation No. (2 ) . 
free rrequencies (.B12) f o r  both types of p r h - m o v e r s  was 

obtained, Tabla (4)  vepreeente the equivaaent etiEfness (CL2) 
,md f r e e  f r e q u e n c i e ~  (812 ) of t he  system for d i f f e r e n t  .bod. 
and both typer, of pw4,me-r~. 

Table (4) 

Diesel 

Items 

1350 
1550 

2350 

2700 

3300 

7 
I 

Electric 

C12 Kg.Cm 

Electric 

5. 051x10~ 

9.95 *05 

1.61 ~ l . 6 ~  
2.02 xlo6 
2.6 x1o6 

From the analyeis  of the graphic c h a r t  f o r  the  torque tran-  
auducer reading, the frequencies of t h e  syatem taken a small  

values compared with t he  theore t i&%& r e s u l t s  because the damp- , 
ing of liquied ant3 palea cakes a l a r g e  &%&at4 en P%m. 



The following tables (5 and 6 )  gives tne j, values for 

different times of startes, for different speeds and for 

various types of prime-movers . 

(Diesel engine) Table (6) 

. (electric motor) Table ( 5 )  

1.7- DXFPORShT PROPOSED MhlTHaDS OF VXBRATION MIMZATION: 

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

0 .07  

0.39 

0 .45  

0 .52 

0 . 5 6  

0.61 

117.1-  A study of using different materials for auction systeia:. 

Vibration measurements were done using two types of suct- 

i o n  pipes, one of steel which is used in the project of 

electrification of irrigation means in Menoufia Qovernorate 

and the other is of a rubber material which ie usually used 

0.05 

0 . 2 8  

0.32 
0 .39 

0:40 

0.44 

0.04 0.02 

in irrigation pumps. 

0 . 0 6  

0 .33  

0.39 

0.44 

0.48 

0.52 

0 .03 

Pig. (12)  illustrates the measuring points in the pump 
undo+ rtuily uul*g the iemurLny #tation af vibgrtran uhibia 

i a  wed in out inveetigation. 

0.11 

0 .13  

0 . 1 5  

0 .16  

0 .17 
1 

0.17 

0 .19  

0 .22  

0.26  

0 .22  

0 . 2 4  

0 .26  

0 .29  

0.32 

0.35 



The e f f ec t  of using suction pipes of d i f fe ren t  mat- 
e r i a l  on vibration wae carr ied out using two types of 
primecnovera (electric and d iese l  motors) and using a con- 
i c a l  pullyes system of f i v e  speeds (2350, 1550, 2350, 2700 
and 3300 R.P.M.). The vibration was measured a t  d i f f e r en t  
values of the capacity (Q) t o  obtain its e f f ec t  on vibrat-  
ion at suction side. 

1.7.2- Using of f l ixab le  coupling between the  motor and the  
i r r i ga t i on  pump. 

The r ig id  couplings were used i n  the  research t o  study 
the e f f ec t  of motor vibration on the system. In  t h i s  work 
a f l i xab l e  coupling is used t o  study i t a  e f f ec t  on the vib- 
ra t ion 'of  the pump. The study was carr ied out using two 
typge of prime movere ( e l ec t r i c  and d ieee l  m t o r e )  and w i n g  
a conical 'pulleys system of f i ve  epeede (1350, 1550, 2350, 
2YW and 3309 R.P.M.). The vibration w ~ s  mearsured a t  diff- 
etent capatziti68 (Q) t o  obtain i t e  affeat en tha vibration 
a t  bearhg NO. 3 besides the motor. 

1.7.3- Release of the Non-Return Valve: 

The part; af,,,&rke a i m  to  studying tha effect  of releae- 
ing the non-return valve on the  vibration during the non-off 
operation. The atudy was carr ied out on the  same eyetem 
using a pulleya system of f i ve  speeds and di f fe ren t  capac- 
i t i e a  t o  study t h e i r  a f fec t  on the vibration of the system 
when releasing the non-return valve. 

The problem t h a t  Eacea ue i n  t h i s  study is the preparat* 
ion processes which takes along t i m e  using the preparation' 

pump. Itor idea l  preparation t h i s  un i t  must have no leakage 
i n  any par t  af it. 

1.8 EXPGRXMENTA& RlSSUL'PSt 

1.8,1- Torsional vibration results:  
Table (7)  give8 the torsional moment wing d i f f e r en t  

primerrtlr6vara a t  dif fezent  speeder and dlfl&$*ent t;yperr of  
waf er. 
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1.8.2- Vibration r e s u l t s  of the  suct ion system: 

. Table ( 8 )  gives the  v ibra t ion  values a t  d i f f e r e n t  speeds, 

average capaci ty  and d i f f e r e n t  prime-movers f o r  the  rubber 

pipes with respect  t o  steel pipes ( a t  suct ion  s i d e ) .  

Table (8) 

1.8.3- Vibration resu l t8  f o r  changing t h e . 8 t i f f n e e s  (coup1ing)t 

Table (9) gives the percentage increas ing r a t i o  of v ib ra t -  

ion values a t  d i f f e r e n t  speeds, average capaci ty  and d i f f e r e n t  

types of couplings f o r  the r i g i d  coupling with respect  t o  flex- 
ible coupling (horizonta1,and v e r t i c a l  measurements for bearihg . 
No. 1) using electric motor. Bearing No. 1 was chosen t o  b% 
measured &cause it is l a y  near t o  t h e  motor and consequantly 
it is l a rge ly  a f fec ted  by the coupling t y p .  



Table (9 )  

I 
Horizontal kP. 5.0 1 4.0 1 1.6 4.0  4.0 

Vel. 8.0 1 6.0 1 24.0 7.0 1 6.0 
I 

Vertical p .  1 4.5 1 4.2 j 15.9 4.0 4.1 
4 Vel. 7.5 7.1 8.2 I '-l i 23-0 

I Vertical i i I 

5.8.4- Vibration results  of the releasing of non-return valve. 

Table (30) give6 the &nplitude for  the x4Lease of the non- 
return valve with respect t o  up release of St: for different 

4 

. 

I I i 1 1 

prime-movere and different apeeds. (For average capacity). 

Amp. 6.8 
Horizgntal . 

2 V e l .  10.9 
\ 

0 
6 f Amp. 1 6.1 

Table ( l o )  

17ip- 
Prime qover 

5.5 1 21.8 
10.9 132.7 

5.7 121.7 

Electric Motor 

D i e e e l  Motor 0.39 

Electric Motor 1 1 $ 1  0*52 

5.5 1 5.5 

Uieeel Motor 3 0.53 
4 

9.5 

5.5 

10.9 

5.6 



The tors ianal  vibration mainly depends upon the con- 

s t ruc t ive  values of the system (moment of i n e r t i a  and s t i f f -  
ness of considerable sha f t s ) ,  the form of s t a r t i ng  and work- 
ing moment, and the transidient t imds ta r t i ng  (on) and braking 
(of f ) .  

Prom Figs (13a and 13b) and work l* t o  minimize the 
dynamic loads near t o  the e t a t i c ,  we must reach A = (8 : l o ) ,  
tha t  means the controlled switching t i m e  T must be within 
(1.46) eecond fo r  E.M. and (1.76) second f o r  d iese l  engine. 

In  formula (1) dynamic = (1.03 : 1.037) M12 s t a t i c , '  
when = 8.5 : 10.5, 

A t  the working conditions the driving moment of the 
electtie motor i e  steady, SO the torsional vibration is steady 
too. But the driving moment of the d iese l  engine is s ine  wave 
and t ha t  cases (37 r 45%) dynamic loading a t  speed (1350-1550) 
P,P.MI By increaeirig the R.P.M. tha t  r a t i o  decrease@ to(4r14%). 

St may be recammended that it is preferable t o  design 
the (H.P.C.N.I.P.) works of 2500r3000 H.Y.M. 

"6 

The torsional vibration increases by the w e  of digeel  
engine because of the transedient conditions, the form of the 
working driving torsional moment, and circumstances. 

The torsional vibration i n  i r r iga t ion  low head pumps is 
affected by changing the water pureness. The torsional (vib- 
ration increaees with the increase of the mud ratio. When the 
mud r a t i o  is 1/40 the torsional vibration increases by. 3% th& 
tha t  of drjnkage water and by 9% f o r  1/20 mud water when using 
e l ec t r i c  motor as a prime mover as shown i n  Fig. (13d). When the 
d iese l  motor is used t h i s  r a t i o  becomes 14% and 22% f o r  1/40 ar#l 
1/20 mud water respectively, .that is  la rger  than what had obtained 
using e l e c t r i c  motor - as shown i n  Fig. (14). So it is c l ea r  tha t  - 
t h e  torsional Vibration using diesel  engine, is larger  than using . 
electric motor by O , W ,  12% and 13% fdr drlhkage wate*, jJw and ' 
%/%o mrlld water respeatively which iLlustraE@d i n  pig. (15). 



The increase i n  to r s iona l  v ibra t ion  f o r  d i f f e r e n t  

types of water is due t o  changing t h e  s p e c i f i c  g rav i ty  of 
water r e su l t ing  from increasing the  mud r a t i o  which increases 
the  water moment at i n e r t i a  and consequantely increases the  
to r s iona l  vibrat ion.  B * .  

I n  the  case of using s t e e l  suct ion  pipe,  the  dynamic 
of the system is take a steady values during working, But 

i ts  take  a var iable  values when using rubber types. 
I 

The r e l a t i o n  between the  capaci ty  (u) and amplitude 

(Amp) using steel and rubber pipes i n  suct ion  system is shown 
i n  Pig. (16). From the f i g u r e  it is  c l e a r  t h a t  the  amplitude 
i n  case  of rubber pipes is higher than t h a t  of steel pipes a t  

the same capaci ty  by a r a t i o  of (1.3) approximately. This in- 
crease in amplitude is approximately cons tant  So* the d i f f e r e n t  
speeds even vh.n the  speed reaches 2350 R.P.M.. When the #peed 
exceeds 2350 H.P.M. t h e  amplitude begin8 to decrease b u t  the  
amplitude of rubbet is s t i l l  higher than thab of steel with the 
same r a t i o  f o r  speeds (2700 and J 3 W  R.P.M.). 

The r e l a t i o n  between the  capaci ty  (U) and vibra t ion  vel- 
o c i t y  (v) is given i n  Fig. (17) which has the  same trend as  

(6 

t h a t  obtained for the (U - mp.) r e l a t ion .  
I 

The r e l a t i o n  between the  capacity (Q) and accelera t ion  
(A ) has the  same t rend as t h a t  obtained f o r  the  (O-V) r e l a t -  

CC 
ion. 

The increase  i n  the capacity (U) up t o  180 mt3/hr. leadm 
t o  an increase  i n  the  v ibra t ion  and then i t 8  beigin t o  deareqg 

3 for discharges more than 180 m t  /hr. 

The increase i n  v ibra t ion  resu l t ing  fram using rubber 
pipea is due t o  t h e  low r i g i d i t y  ~f rpbber pipes which make6 

it easy t o  v ibra te ,  t h e  rubber pipes is  f ixed from t h e  pump 
s i d e  only and i t 8  have a waveness surfaces.  

In t he  case of using a both type of couplinge (Rigid and 
ft ixab&@) en8 zrm the ~ n r l y t L o  part, i t 8  aXew mab the dynamaio 
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of t h e  sys tem increases with using r i g i d  coupling. So i n  t h e  

experimental work t h i s  phenomena become more c l e a r  s p e c i a l l y  
a t  Bl beside the coupling. 

The r e l a t i o n  between the  capaci ty  (U) and t h e  amplitude 
(Amp) f o r  bearing (1) using r i g i d  and f l e x i b l e  coupling is 
shown i n  Fig. (18). The f i g u r e  shows t h a t  the  amplitude i n  

case of f l e x i b l e  coupling decreases by 3% than t h a t  f o r  r i g i d  
coupling which is approximately constant  f o r  each speed. Pig. 

(19) represents  the  r e l a t i o n  between the  capaci ty  and v ib ra t ion  
ve loc i ty  which i nd ica tes  t h a t  the v ib ra t ion  ve loc i ty  i n c r e a s e s 4  
with the same r a t i o  when using r i g i d  coupling. 

The r e l a t i o n  between t h e  capacity (u) and a c c e l e r a t i o n '  
(Acc) takes the  same behivour a s  (U - V)  re la t ions .  

3 
The increase  i n  t h e  capaci ty  (u) up to  180 m t  /hr. lea* 

t o  an increase  i n  the amplitude and v ib ra t ion  v e l w i t y  and then 
the  amplitude begins t o  decrease f o r  the diecharge above 180 

3 m t  /hr. a t  a l l  epeeds nearly. 

The e f f e c t  of capaci ty  on t h e  amplitude f o r  both cases  
on suct ion  pipe a t  re leas ing and unreieasing of t h e  non-return 
valve i s  shown i n  Figure (20). The f i g u r e  ahowe, that the amplit- 
ude decreases a t  tkua s t a r t i n g  operation by 5% when re leas ing  t h e  ' 
non-resum valve and 40% a t  the  stopping moment. This decreasing 
percent  i e  approximately constant  when using electric o r  diesel 

motors, This phenomena is due t o  g e t  red of p a r t  of t h e  hammer 
resu l t ing  from stopping t h e  pump. 

The re la t ions  of (U - V) and (U - Act) takes  the same 

t rend as t h e  (Q - Amp.) re la t ions .  
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