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Table 1.1 Adapted and extended from 15013380 (FDIS 2003), shows some symptoms or parameters that are relevant to pumps
Fault Fluid Length/ Power Head, Fow Speed Vibration ~ Temperature  Timeto  Wear oil
Leakage  dimensions Pressure, coast debris leakage
or vacuum down inoil
Damaged S S S S S S S S
impeller
Damaged S S S S S
external seals
Eroded casing S
Worn sealing S S S
rings
Eccentric impeller S S S S S S
Bearing damage S S S S S S S S
Bearing wear S S S S S
Mounting fault S S
Unbalance S
Misalignment S S

S: Symptom that mayoccur, or parameter change with fault, according to pump design
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Discharge, Ko/s gallon =
Quantity & 3.785L)
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Total Dynamic
Head Head, m, kPa Bars, ft, psi
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% maximum % maximum % maximum
life life life
if run ot 50% if run ot 30% if run ot 20%
BEP BEP BEP
Small pump /a4
(<30kW) 90% 80%
Mid-size
um
(<250kr\’,v) 90% 70% 60%
Multistage
pump 0 0 0
(<3000kW) 75% 50% 30%
Large
multistage
pumps 60% 25% 0
(<18 500kW)

Table 2.2 Influence on pump life of operating away from BEP
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qm Mass rate of flow kg/s

For orifice plates and
nozzles, the Standard has
tables vs Reynolds
Number. C=approximately
0.6 for orifice plates, and
0.92 to 0.98 for venturi
tubes.

Coefficient of
Discharge,dimensionless

d/D(D is the diameter of the
pipe upstream of the flow
element)

Diametera tio, throat to
upstream tapping

. - 1
E | Velocity of Approach Factor | Calculated from: =)

Expansion Factor (unity for
e | liquids can calculate for
gases).

Diameteor f throat, at
d | temperature of conditions in m
service

Differential pressure
Ap | generated by flow element Pa
(orifice plate, venturi,nozzle)

Densityo f fluid at the

3
upstream tapping kg/m

p1

qv | Volumetric rate of flow Qv=—"
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Figure 3.2 One type of ultrasonic flowmeter, with single transducer on pipe surface
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Figure 3.6 Multistage pumpm 7'
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Figure 3.7 Case Study 1 Test results, which showed that the system resistance
had reduced,such that power absorbed by the pump exceeded the motor rating.
Ouick-connect coupling shown on discharge pressure tapping point.
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Figure 4-4 Pump head-power-flow in new condition, with test points showing
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Figure 4-5 Diagrammatic form of optimisation plot
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Figure 4.6 Variable-speed pump head-power-flow in new condition at original
service speed, showing how to estimate power when worn and running at a
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Figure 5-4 Bypassing of balance valve seat showed reduction in Head-Flow
performance
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Figure 5-5 The thermodynamic process of compressing water
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Table 5-1 Calculations for one test point: boiler feed pump thermodynamic test

(a) Measured data

t Suction Discharge Suction pressure Discharge
emperature temperature pressure
T1 T2 P1 P2
127.200C 129.950C 486kPa (abs) 14377kPa (abs)

(b) Data from steam tables program

Discharge enthalpy Ideal discharge tegeZ‘gtl;jf:?Ig;n t
Suction enthalpy- Point 2 enthalpy- Point 3 P 3
Point 1
534.47kJ/kg 555.70kJ/ 549.36kJ/kg 128.45C
(c) Calculated results
Idea/enthalpy rise - Actual enthalpy rise - Pl;l(;l([)) (egici;ag g}/,:
Points 1to 3 Points 1to 2 29 2:3,0)
4.795kJlkg 22.230kJ/kg 69.7%
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Tabte 6-1 Transducers for measuring vibration

Contact transducers (held on bearing, or on shaft-rider probe

Output Usual readout Frequency
on instrument response range

Velocity mV/mm/s Vor D 15- 1000Hz, some
transducer: Most types
are large, moving higher. Most not
parts usable
wear, now less below 10Hz.
common.
Accelerometer, pC/g A, Vor D 1-5000Hz is typical
Charge industrial type, but
output type: many
needs special types available go
"low noise" cable up to
to charge higher
amplifier. (250C) frequencies.
Aecelerometer, mV/g A, Vor D Triaxial types
Voltage (100mV/g measure in 3
output or "line typical) directions at once.
drive": the
same cable
powers and
returns signal.
(120C
maximum)
Accelerometer, mV/mm/s Vv
Velocity
output: has inbuilt
integrator.

(120C maximum)

Non-contact trans

ducers (shaft movement relative to bearing

Proximity
displacement
probe: eddy
current type
common. Types of
up to

4mm range, 350C
and

beyond for axial
monitoring.

mV/um

D

0-2000 Hz. Shaft
surface

marks, magnetic
effects

can affect reading
but new
capacitive types
are not

affected by such
"glitch":
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Table 6-2 How vibration of machines is measured and used

Measure Units Use How obtained
Displacement pum peak-to-peak | Bearing Velocity transducer
(pk-pk) absolute integrated V > D
(relative to
um peak space) Accelerometer
for low speed integrated A >V>D
gm rms machines
(< 600 r/min) Velocity transducer
mils peak-to- on shaft rider,
peak Shaft absolute integrated V > D; or on
(USA) (1 mil =25 | With casing, combined with
pm) hydrodynamic relative displacement
bearings probe.
(Be careful to Proximity
state Shaft relative displacement
(units clearly) to probe
bearing - on
hydrodynamic
bearings.
(Two values at
900
provide Smax-
the
maximum shaft
displacement
from
geometric centre)
Velocity mm/s rms, Bearing Accelerometer,
10-1000Hz absolute integrated A > V in
for severity readout instrument.
assessment Velocimeter/Velometer
in/s peak (USA) | of general (accelerometer with
machines to built-in integrator)
ISO10816 etc.
(Speeds Velocity transducer
from 120 to
15000 min)
Acceleration g peak Bearing Accelerometer -
absoluteshows | charge
m/s? rms higher frequency | output or voltage
(Ig = 9.8 m/s?) indications, e.g. | output
condition of
bearings,

gears
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Table 6.3 Vibration severity standards based on 1503945:1977

Vibration Velocity ~ Smoll machines ~ Medium machines Large machines Large machines Reciprocating Reciprocating
(on bearing, up to 15kW < 75kWand to ‘Rigid’ foundati ‘Hexible' foundations  machines, rigid  machines, flexible
maximum of 300kW on special [( e above {r e below in direction of in direction
HA, Vdirections) foundations service speed) service speed) measurement  of measurement
mm/s rms

Type 2 Type 3 Type 4 Type 5 Type 6

28
45
7.1
1.2
18
28 UNACCEPTABLE NOT SATISFACTORY
45

n
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Table 6.4 Vibration severity zones for pumps per 1IS010816-3:1998

Support | Zone Pumps with multivone Pumps with multivane
class boundary | impeller end separate impeller and integrated
driver (centrifugal, mixed driver (centrifugal, mixed
or axial flow above 15kW) or axial flow above 15kW)
Displacement Velocity, | Displacement, Velocity,
um rms mm/s um rms mm/s rms
rms
Rigid | A8 18 23 11 1.4
C/D 36 4.5 22 2.8
56 7.1 36 4.5
Flexible | A/B 28 35 18 23
B/C ’ )
C/D 56 7.1 36 4.5
90 11.0 56 7.1
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TabJe 6-5 Pump maintenance cost relative to vibration level (Buscarello)

Pump speed Vibration level Approximate
annual cost
of maintenance
(USD)
1800 r/min Less than 0.7 mm/s rms Under $8000
Up to 1.8 mm/s rms $12000
Up to 2.5 mm/s rms $22000
3600 r/min Less than 0.7 mm/s rms $6000
Up to 4.4 mm/s rms $40000
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These values are to be measured radially at the bearing
housing of the pump rectangular to shaft centerline
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Figure 6-1 Europump site vibration limits for horizontal pumps on clear liquids.
1500 r/min
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Table 606 Bearing housing limits for pumps (Karassik and McGuire)

Good Acceptable Poor Schedule for | Shutdown
repair immediately
<2 mm/s rms 2-4 mm/s rms 4-5.5 mm/s 5.5- 9 mm/s > 9 mm/s rms
rms rms
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Tabie 6-7 Bearing vibration limits for pumps (Canadian Government Specn)

New machines Worn machines
Size Long life Short life Service Recondition
( 1000h to ( 100h to required (Immediate
10000h) 1000h) repair
if this level is
reached in
any
octave band)
Up to 3.75kW
oser 3 75K 0.79 3.2 5.6 10
1.4 5.6 10 18
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Figure 6.2 Damaged first stage impeller, not detected by vibration measurement
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Figure 7.1 Vioration signature of boiler feed pump: constant percentage bandwidth, logarithmic
scales
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Figure 7.2 Vibration signature of boiler feed pump: constant bandwidth, linear scales
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Figure 7.3 Waterfall vibration plot - signatures over time for a pump
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Table 7.1 Rolling element bearings - stages of degradation and condition monitoring

Stage of Noise level Temperature Vibration - Vibration -
bearing overall, acoustic
wear Crest Factor, emission
frequency methods-
analysis, SPM, SE
demodulation SEE, HF-AE
etc.
Stage 1- Normal Normal Normal Noticeable
increase
(BUT: other
sources
too- pump
cavitation,
high
speed gears,
gas
leaks)
Stage 2 -less | Slight Normal Slight increase | Large
than 20% change in increase
bearing life Acceleration.
left Resonances of
bearing
components
show. At end of
this
Stage,
sidebands
appear on
these
reso nances
Stage 3 -less | Audible to Slight Large increase | Very high
than 5% a trained increas in levels
bearing ear, but (not on Acceleration
life left repeatability recirculating and
is poor oil systems) Velocity.

Bearing defect
frequencies and
harmonics are
now

detectable and
growing, also
sidebands are
evident on
these

and also on
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component

resonances.
Stage 4- Change in Significant Significant Gradual
about pitch clearly increase increase decline,
1% of bearing | audible in Displacement | then rapid
life left and Velocity, increase

1/rev to very high

and harmonics | levels.

show. High

"noise

floor"
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Figure 7-4 Impeller with
severe shroud damage
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Table 7.2 Vibration components seen in spectra from pumps

Vibration frequency
[Rotation speed =1x)

Likelysource

0 to 10Hz

Recirculation in pump (worst away from BEP), axial
mispositioning of the rotor, feedwater system layout,
improper clearances between impeller-shroud periphery
and

diffuser or volute.

3to 15Hz

Piping vibration excited by pressure pulsations

0.05x to 0.25x

Vaneless diffuser stall, flow disturbances

0.1 xto 0.4x

Auto-oscillation

0.4 to 0.5x

Dynamic instability, meaning rubbing, oil whip/whirl
(bearing

instability in lightly loaded sleeve bearings), or looseness
or

excessive bearing clearance.

0.5x to 0.75x

Rotor rotating stall (at partial flow rates); excitation of
resonance from loose bearing fits and clearances.

0.7x to 0.85x

Hydraulic instability: incorrect relationship between
impellerexit

and diffuser inlet geometry. Some cases show rotor
natural frequency in this range.

1x

Mechanical unbalance, misalignment, bowed shaft,
hydraulic

unbalance (from uneven vane spacing on impeller), shaft
runout, excessive bearing clearance, excessive
clearance

between shroud periphery and diffuser or volute, axial
misalignment of impellers, looseness of bearing caps.

11X to 1.2X

Rotating cavitation

2X

Misalignment, loose internal components. May also be
seen

in double volute pumps. Sometimes caused by shafts
thermally bowed from rubbing.

2x, 3x, 4x etc.

Looseness.

Zx (Z = number of
impeller vanes)

2Zx (double volute
pumps)

Zxx2,3,4

1x x number in Tables
for impeller/diffuser
combinations

Vane-passing excitation. Closeness of impeller-vane tips
to

diffuser-vane inlet edges, misalignment of the impeller,
acoustic reinforcement and resonance. Can lead to
failure of

impeller shroud between vanes. (See later tables for
vibration

frequencies from interaction).
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Frequency not
related to 1x

on

less
than in air).

Resonance of impeller vane on a large mixed flow pump,
solved by brazing a node on each vane to an anti-node

the adjacent one. (Frequencies in water will be 30-40%

5x to 50x

Rolling element bearings. Verified if vibration continues
while pump is shutting down.

6%, 12x

Signals from Variable Frequency Drives (ie VFDs)

1 kHz to 20kHz

Cavitation noise

Natural frequencies of

vane in liquid

Vane flutter

J..:la 9 MlJGA ‘6._99;, S g ‘5.\} c\Xstu)‘ w.:blf (5‘).: Js‘..\.a..o o‘) M/ Yla
445 35 geg3l) il a3 a5 slasls (4091 slp (S mhaw 4 o,

L oy Vb lp o) slaghy, (& V-V Joox (e Jol5 VL

S e )|
Table 7.3 Balancing methods applicable to pumps
Situation Method Equipment Comments
needed
Rotor out of Balancing machine | Balancing Refer ISO 1940/1-
machine machine: 1986(E)
usually done by an | for criteria. If shaft
external service. and
Individual impellers are
impellers, balanced
or rotor as assembled, weight
Timed oscillation assembly. corrections are
(single plane) made on
Parallel ways, end impellers only.
impeller
in mandrel. Stop Systematic
Trial & error watch, method. Can
(single plane) Swing weight (eg use on short, also
pot some
magnet). longer rotors.
Parallel ways,
impeller Sometimes
in mandrel. Trial costeffective.
weights: magnets,
putty and washers.
In situ: pump Single plane Vibration 1x and For "short" rotors.

assembled {not

(sometimes called

phase angle

3 runs.
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often possible
as access is
difficult,
features to add/
remove weight
not available).

'static" balancing)

Single plane

Two planes
(sometimes called
"dynamic
balancing")

measurement

Vibration
measurement
no phase angle

Vibration 1x and
phase angle at
each

end bearing

Can do in one shot
with
past history data.

The 4 run method
(or less

with 50% chance
of

correct position for
balance weight}.

For "long" rotors.
3 runs, using
"components”
method

{Beebe, 2001).

4 runs using
"Influence
coefficients"
method, as
usual with
analyser/data
collectors.

390 Lezaly olgie 0 olg e |, AP GISO ssle ey jo slas last
Sl g sl G 6.3 lacws Glp oo a8l ISO ax 0 sls 1,8 oolazul
$12 6.3 1 rad/s) ol s cepw x (@MM/KG) silows ogase wiVLL
L 3000rpm 5Kg e, 4 sl alyy ceyu Mo ol amio S ol
5l e be GB.3 Glp Jod JB sl pgase mdVLL el SOHZ

6.3X1000

50X21

= 20g.mm/kg

onl g WiV lamianogs Wb ailgp 31wl 100g.MmM wly,s iYL 13
WS o amog B3BOWIN Jse 3APl 610 ws aale=50 g.mm soe
4 Sg gl e TPM 5 0515 co pos yiSTa N sKG 4y alyy 0,2 W oas
(¢l RPM 55 s W/N
Lo glad > B 39 oo o0liiul glal> o G slacws sl SO Grade 6.3




Caxdg il b By Alay iy Olymoxi g (55l V0.

L ol il sl 1,0 aSl o wsils o oglhas 1, G2.5 b G1
sl ixto eVl sloyaile ST EllE 51 51 o sl 4l oS
Slamio ST iVl ¢l Sy plwg gy V-F-1-)
Sosliinl b g) Sepe (59, by iy wiile obsS slaysis, sl Gbe,
Slp doee 50 eizmen g el 390 (St & Olye @ S (S p
S yo s95 Bl alyn slaozle o0 L 2M s b overhung lays
Dgd p Wse 5 wlS sla 5 098 g
Ng- >k L (aids » 550 YAY:) Glal>yo) s lacwy sln Gbo) ol
L b0,5 50 ailgp ;o a5 sl 0305 solitul § ool ools daxwgs 55 SECHION
)l 2l @ allyy o SV sl 0sl el hog3 Soll ks i
(2l sladlyn 65, kS oy Jlesl g dcgoze J5 VL B 2o o0 5 0mb
b olee edtle (59, SlMal wiad e Bl dle o 4 sl5e slael
Sl Bee (oo g (Slewbre Joar Sy b pll olesil (Bl S5l eslinad
GISedle dlsy 55, Golop Ll Cesdee s o 1y S 2 6o, )by
WS o0 )lop sl (g oyl S s gV Gl ele JIKGIHSG g 058 o
sl o il S Joily (6,55 ) Lol el ailial by, cpl anie
SN PO S I VA I
L 5 Yoare oo bl oLy alols b 6,138 b | ails,y Jo> -
Sy se 6 A5 0 e oy
DS eal Al (g9 iSe b 0pS aliwy ol Jiix Ay SO -
2 STy oley o9d e el () LaiST Glugs 4l Ve sga> 4S5 ke
(2L e (50> b @By a3
Sl Iy Aoy oS ol ) CusBee o Aoy 5, 1) oA Ay -
Bk Sl g (Al Comdge o 4y 4S5 yekay

B3 o alolyl Ghogs oyl daulg aily s ojlal g usS ) |y wiyg -



101 aid ply gloo = Wicuny (3l ] Uil 1ot Juod

Db Hlid e e a ol -

S5 oslail |y gl g e Cans 4y B3I ComBge 1 lugl ey -

ol g al 508 Ceom (B8l Conbse )3 g aSy ek WSS 3 |, Ails -
RVLER ¢

o 9y hol s eyl Cans |y Condse ol slp iz Gloj (Sl -
(SmByo joome Slectl g Il jo = 098 00 H1ST )b 90 ) Codse oSy

)5 5 weas JUl lacusdse 4l 5 ¥V Cosdo 0 1) (Olog) (i &35 -
SIS aly 90 slacedse plos ol

oo § oo Sle Sy 5 S Joog o2 4 qwsiew b3 G L) bl -
T s ol B 1) (g Jloge3

1S olas p5 Joe 8 5l iVl 9 -

TZ_tZ
~yl) &g = s . 4 X —
O IR L9 T (T )9 T2 4t2

0 dlgy ol 5l xals b g S as oY ey 5l (VL W -

Sls 3yl Jleisl agms abl 1) ool IS s ley JBlas Caosbse

ol Jlw b aSG jeka 0,5 ol dilg (g9, slaj9 Sy sladllyy o

Db oo stz Gloy S lam (65, o CamBae (>l po ally adl

Dgis oS 393 (sl 5l 0,5 pl aS 05l ol gz Wb 4y arl
Dl (6, Khg> oyl Sl S

Iy ams (o wallae dilgy Joo abii aw lp buim cud IS L -

SH9y0p (miVLE V7Y



Caxdg il b By Alay iy Olymoxi g (55l 1N

Sor Sgeey Fr 0 W 5] shad sl el (Sdsiaee wYLE
laaily,y 5l oolinal Jol> waily,y (Sile LVl ad,de bs ol adss
S35 bl cpl ol Sglite aop0 Vo B 9,5 slalyy L NON-"OEM
S0 1) (Sls iYL bl Hlom 4 il o gy 5 Jlos ClgiSy ué
dlbos a0 (29> slaligg b L CedS L plag Sz, Jo of, bes
Oloyzs cdls sl bey el e glalold I ol o 1) el pen
g 0,5 aalg Oglas ,AF o3l s b og 0 als a5 Wiles ST aST a8 L)
SIS o S Sl 5 L 5 el

Sg7opd poe V-F-Y

2 gy & Al opl Ll gl oo 6551 Brae Sl cel ol 6 9menn
syl Gl cely oby (g 9ompp pae Jlopl b el cais jascin laows
Pgdise ol yos alS g S

sl 1l p 5500 5 0T il 59 b (g Sy p3 Vgams 55 il )| il 3
Sl Sl (3 e b 03 seiliigh o S 0T slacke
bee Sl oy g pdyBllanl SilysS Ce 3l 697 i Sy 2>
Sl ooy et b Goeiliisd 65 Sl wiile Ak ke 5l Wlgee
Gl yiws 5o cuble 8,55 o8y o ool sl (Llog g el
D95 Slo ely> slud ogh pll Wil oo gemo 0w Glapdas 4S5 sk
ol Sy o3 b (VLU L Wlgs o a5 09 (5920002 pas Eel wilgs oo
9 AR 0 u,..u‘)s‘ ‘) o)LM: s_i.u.auod S Sl Oy )‘ » 69.9 6~59J| uﬁ; Qﬁ.w

13 original equipment manufacturer



A\ 433 ey B0 — Lany ol )l T 1pxid Juad

o1y ol g s oo ialial |y MTBF g WS oo bra> 50,65 Jlie o I)QT
Wloyo Jpome Sl ) ol 5l (g S 4 3508 Sz

S V-5-F

b V-0 S 0gd @ols coll Dlaad 1o g Hlgo Slehad (o o Wilgi oo &
Sy Sy slaakauly a5 aas o lis 1) (2OKW ) Soo5 s G 5l e
iloads ol > Ky sS

20

3x

mm/s

1x

]
—

o Lot PEEEE

0 rpm 30 000

Figure 7-5 Vibration spectrum - small pump with missing rubber inserts in
flexible coupling

0 308 e ) V=50
35 g0 Dol jLid a0 Sy (Dgly alyy L) Ol oy 5l Wy g9, 0 2 435 L
O3S sy X Ailg sl Slaws bl o0 O F L il o] Jols oS
Wz oy Wgd Dol G5B Gl calpe e Sl (S 58 laSise e
Bl a1 enl B o)l gl j0 S Glooyy b pleallyy 6w Ysore slal>yo



Caxdg il b By Alay iy Olymoxi g (55l \oFf

5 g walys o T olewily g abai o (3l nlply g cJole g9
ol ol BEP Ol o oV 5l o U aads ool 51 5 0l b sYL
Sy ool L3 sl oolo b dslie g ol 5 JUT ol allie (ol .ol o

ol (2ol of (e g allyyy glooyy S5 e k8 A Gl L plgi oo | Loy
woalold #5 e B0 r Yh sa b slacws 6l 098 0 ol "Gap B" as
Sy s 1F Jla 5 2V bz s L8 Jilas b gy Ogly (slp @l sk
Ot GRIPI L Ced Gy S o jLad laplegs WAL TP bz 5 dageey jeeis
SalS 1 les s yieens glroy olaws oldl cdl melS A 4 alols
2 gels (V2ay) Guelich sy aalgs 1351 byl g5, g w0
Jso8 b Gillas |y laoyy (el yo allyn gl 5 GAP B L1, Jlud slaplyps
1S (oo Lo o2 4 2

R. 1077
2
Ap =~ [
Gap B
4\)‘9).: (.SLQ")" Q‘..)Ju )| w YM ))9..\.0.30 (.SLQ")" Q‘..)Ju ‘6))9...9.:0 (_SLQW )Q

s aidboe bLI) o e op SOl s b LS oK 1Y el
ol g oyl vgzg alols Jlas! ol sl yuils 3 0 sallie Sledl
Gk o ailisl il ) 1) clid sl U] 4 b digd g 03,51 leSlll
g dlyp ooy dcgorme axl Jolo (Wil5 2 clie (Fp b Billae S SWS
g lon 0 7l (oo 1 0Bl oo S fde guzmo ue 0 VL e 5eaid

l.: LY M‘s}))‘).) U‘ wl.su)‘ w‘).’]b Q- U‘ Q‘)sé u.c.)..,.:c\f))s..\.n.m o).,‘i

6 X9
X 90 = 1620Hz | 18 X

e s Gl s Sy oo ISS a ) blie gla il )8 V-F oo
q 9 4)‘9).: 0y 4 la ‘51.._9 JL\.A o2 ool L)"‘ )‘ ool la \.X.\S‘SA 4\3‘)\ i

'* Best efficiency point



180 a5 iy gUroiio — Wraoy (a5 )1 LT 1psis Jusd

LIS PR e Vi 4/rev e g 6/rev 3 o)l Wb e oy
53 5STas 5 YL aSiliy wd aaslsss oy g e YU LS la uils 3
5l eolatul moldl Lo aied co eolatwl s, (s puSoslal glp Yeere aS ol
Fr Opd Jiie Guiliys; edguzme 4y Wlgige (Bl | ¢ gt Cag s (slaaS e
sl &l V-0 Jga> ,o 35 (V4AA) Bolleter 4 (1aay) Makay wledib
A sy Sy olael Ll wl Sglate V-F Jaax L Sl g el
:aibe ams o s |y Gl 5 o0 el Markay
S5 il 0 gleg s (FNYasl) 00 g allyy ooy zgj olacl -
B (0 0
90y ;38 uilS,8 10 (658 oy, aS (BN oFIAal) Y 5 VIO lps -
S o a5 ol
) Sl Ailg gy slaoy dlaws ply g0 5l eSS SO jjees glooy olaws -
wlgp (08 uilS )8 plogs 0 698 L slag,d aS (O 5 #VY wile

.MQ‘SA

Table 7-4- Expected frequencies of vibration with various combinations of numbers of
vanes on impeller and diffuser (Z) (Corley)

Z Number of impeller vanes

3 4 5 6 7 8 9
4 3 5 3 7 2 9
5 6 4 6 14 16 9
6 4 5 7 4 3
7 6 8 15 6 8 27
8 9 15 9 7 9
9 8 10 4 28 8
10 9 6 6 21 16 9
11 12 12 10 12 21 32 45
12 25 35 4 9
13 12 12 25 12 14 40 27
14 15 87 15 6 3 8 27
15 16 6 14 16 6
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Table 7-5; Expected frequencies of vibration with various combinations of numbers of
vanes on impeller and diffuser (Z) (Makay, Bolleter)

Z Number of impeller vanes

3 4 5 6 7
2 6 4 8,10
7 15 6
8 15 6,18,24 7
9 8 10 18 28
10 6 21
11 12 10 12 21
12 25 12 35
13 12 12 25 12 14
14 15 6 15 14
15 16 6 14
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Table 7-6 Measured vibration data from boiler feed pumps

Vibration amplitudes, acceleration (m/s 2 rms) and orders

Operati 1X 18X 36X | Frequenci | Other
ng | compon | compon | compon | es large
speed en | en en | of other compone

at test component | nts
S in
of signature
amplitude
similar
to1x
Unit 3 (both pumps in parallel)
89HZ 1.2 5.7 7.6 | 2.6X,9X,38
91HZ 1.2 3 3.9 X 5@30X
5.7X,10X
24X,32X,3
9X
Unit 4 (both pumps in parallel)
92HZ 0.9 2.3 36X | 3.3@26X
94HZ 2.0 6.3 114 42X,53X | 6.2@35X
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Fi~Jure 7.6 Pump where acoustic resonance in the connecting pipe occurred at vane
passing rate of the main pump and resulted in high vibration of the booster pump
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Figure 7-7 Vibration at Ix of boiler feed pump with increasing interstage seals
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Table 7.7 Recommended monitoring frequency bands and vibration velocity alarm levels for pumps (adapted from Berry)

1. Centrifugal pump with known number of impeller vanes, and rolling element bearings
Set Fpay = 40x If speed 1000 to 1500 r/min set F,, = 50x. If speed 500 to 999 r/min, set F,, = 60x
If tapered roller or spherical seat bearing, set Fr,, = 50x, unless speed below 1000 r/min

Item Band 1 Band 2 Bond 3 Band 4 Band 5 Band 6

Band lower 1% F o 1.2x 2.2x VPF - 1.2x VPF +1.2x 50% Frng

frequency

Band upper 1.2x 2.2x VPF -1.2x VPF +1.2x 50% Frax 100% F gy

frequency

Band alarm 9000 OA 500 OA 40% OA 70% OA 35% OA 1.3 mm/s rms

Band Subsynchronous 1.5 to 2x 2.5x to fundamental VPF + sidebands  Lower harmonic Higher harmonic

coverage to synchronous bearing defect bearing frequencies  bearing frequencies,
frequencies and VPF harmonics  bearing component

natural frequencies

2. Centrifugal pump with unknown number of impeller vanes, and rolling element bearings (changes from above shown in bold)

Band lower 1% Fpax 1.2x 2.2x 3.2x 6.8x 5000 Frnax
frequency

Band upper 1.2x 2.2x 3.2x 6.8x 50% Fpax 10000 F gy
frequency

Band alarm 90% OA 500 0A 40% OA 70% OA 35% 0A 1.3 mm/s rms
Band coverage Subsynchronous 1.5 to 2x 2.5x to 3x Possible VPF Lower harmenic Higher harmonic

to synchronous

bearing frequencies
and VPF harmonics

bearing frequencies,
bearing component
natural frequencies




3. Centrifugal pump with known number of impeller vanes, and sleeve bearings
Set Frax = 20x or 1.2 VPF, whichever is greater

Band lower 1% Fryax 0.8x 1.8x 3.8x VPF - 1.2x VPF +1.2x

frequency

Band upper 0.8x 1.8x 3.8x VPF - 1.2x VPF +1.2x 1000% Fryax

frequency

Band alarm 30% OA 90% OA 50% OA 30% OA 70% OA 30 % OA

Band coverage Subsynchronous 1x to 1.5x 2x to 3.5x 4x to lower VPF+ sidebands Higher harmonics of

to synchronous harmonics of speed and VPF

speed harmonics

4. Centrifugal pump with unknown number of impeller vanes, and sleeve bearings (changes from above shown in bold)

Band lower 1% Frnax 0.8x 1.8x 3.8x 6.8x 9.8x

frequency

Band upper 0.8x 1.8x 3.8x 6.8x 9.8x 1009% Fax

frequency

Band alarm 300 OA 90% OA 50% OA 70% OA 25% OA 309% O0A

Band coverage Subsynchronous 1x to 1.5x 2x to 3.5x 4x to 6.5x 7x to 9.5x 10x t0 Fppax
to synchronous

“"0A" means the overall alarm level of vibration, selected based on standards or other source,
“VPF* is vane passing frequency
“1x" is synchronous frequency (corresponding to speed of rotation)
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Table 7.8 Guidelines for pumps for vibration measurements (based on ISO 13373-)

Type of pump Evaluation Transducer Direction
parameters
Large pumps, Relative or Non-contact Radial +45°
fluid-film bearings | absolute transducer
(boiler feed, shaft displacement .
circulatin at h bearin Radial,
9 each bearing Velocity Hand V
process)
Soating ooty or | e L
Acceleration Xia
Shaft axial Non-contact Radial

displacement

transducer on
thrust collar

Radial, in line

Phase reference Eddy current/ with load line
and shaft speed inductive/optical
. Thermocouple
Beari tal
tempgrga?l]ﬁ)ea embedded into
whitemetal
(Babbitt)

Medium and small
pumps, fluid-film
bearings

As above, but shaft displacement and metal temperatures are
rarely measured. Portable systems are usual, as these pumps

do

not normally justify permanent systems.

Medium and small | Bearing and pump | Velocity Radial
pumps, rolling housing velocity or | transducer Hand V
element bearings acceleration or accelerometer

Phase reference Radial

and Eddy current/

shaft speed inductive/optical
Vertical pumps Relative shaft Non-contact Radial 90°
(reactor coolant, displacement at Transducer Apart
coolant pumps) each

accessible bearing

Velocity Radial 90°
Bearing velocity or | transducer apart

acceleration on
motor

and each
accessible
bearing

or accelerometer

Shaft axial displacement, phase reference, speed as for large pumps
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Tabte 8.1 Relationships with cut-down impellers

The usual situation the impeller width will
alter with the cut (ie the shrouds are
not parallel).

Flow varies with R
Head varies with R?
Power varies with R®

If the impeller width and exit angle will
not be alteredby the cut (vanes will still
overlap)

Flow varies with R?
Head varies with R?
Power varies with R*
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[(Calculated diameter, as decimal fraction of original) % 0.857
+0.143].
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(345 + 375) x 0.857 + 0.143 = 0.931, or 349mm
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Tabte 8-2 Cut-down impeller - some original and
corrected data

Flow Q Head- H Power- P
375® impeller  3fa® | 375® impeller 3fa® | 3750 impeller 34D
impeller impeller impeller
Correction factor: 0.92 | Correction factor: Correction factor:
400m?/h 368 0.8464 0.8061
m%h 68.7m 58.1 | 106KW 85.4
500 460 | 67.2 56.8 | 116 93.5
600 552 | 64.5 54.6 | 124 100
700 644 | 61.2 51.7 | 130
668< 615 104.7

128.5>
103.5
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Figure. 8.2 Cooling Water Pump - original performance characteristics and
system points (Not to scale)
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Table 9.1 Summary of the main techniques for analysis of wear debris in lubricants

Filter Inspection Magnetic Plug Farticle Counting, Spectrometric Ferrographic Filtergram Wear
Inspection Magnetic Particle Oil Analysis Wear Analysis Analysis
Detectors (ie SOAP)

Measurement of Good Good - ferrous Good - contaminants Excellent Good - ferrous Good

concentration particles and wear particles® particles

Particle appearance Good Good - - Excellent Excellent

Size distribution - - Excellent Fair Good Good

Identifies elements  Fair Ferrous only All particles. *“Magnetic  Excellent Ferrous mostly Good

methods - Ferrous only.

Particle size range >2um 25-400 pm 1-80 um 1-8 um (direct >1um Widest, by choice of

dilution) filter papers

Type of analysis In field, off line In field, on or On site, or laboratory, Laboratory, off line Laboratory off line  Laboratory off line

off line off line. OR In field, on line  OR in field off line

Relative cost of Low Low (if design Moderate Moderate (AAS) to Mederate Low

equipment includes facility) very high (ICP)

Limitations Collects all debris. Ferrous particles  Unable to identify Unable to identify Limited to ferrous  Collects o/f particles.
Unable to get only. Recognises  elements, particle shape of particles and paramagnetic  Visual recognition of
size distribution. coarse particles, shape or size distribution particles. elements

Other skills Technician level, Skilled technician.  Technician level Interpretive work Interpretive work  As for ferrography.
Microprobe Microprobe (Magnetic systems less  requires good history  requires skill. Diagnostic Key and
analysis useful analysis useful 50:PQI0™, Oilview™, Technician level. Microprobe Computer Wear

Direct Reading analysis useful. Particle Atlas
Ferrograph, fCA™, etc.) available

Comments Use frequency of Can use to detect  Screening technique - Good to monitor Excellent to predict Developed by CMCM
chonging as abnormal wear. best on-site. If change,  normal wear. Acid incipient failures.  at Monash University,
condition monitoring proceed to further dilution can extend Direct Reading type Australia who can
indicator for system analysis. Use ISO Code  to 400um and detect  gives Wear Indices.  provide training.

{use a given filter
porosity)

for hydraulic fluid
cleanliness.

abnormal wear.
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Table9.2 Interpretation of motor current signature analysis (Volpe, 2001)

Difference between amplitude of Likely condition of rotor bar5
the side bands and that of the line

frequency

> 52dB No problem likely

Between 52dB and 47dB At least one bar broken
Between 47dB and 42dB At least 2 bars broken
Between 42dB and 37 dB At least 3 bars broken
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Figure 9-2 Motor current signature analysis interpretation
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Tabie 10.1 Vibration limits for positive displacement and centrifugal pumps (GM)

Overall limit is acceleration 1.06 g rms (positive displacement pumps}; 0.707 g rms
for non-positive displacement pumps.

Item Band 1 Band 2 Band 3 | Band 4 Band 5
Band 0.3X 0.8X 1.2X 3.5X 5 lines of
lower ) ) ) ) resolution
Frequenc centred
y 0.8X 1.2X| 3.5X| 2000Hz | °"PF
Band

upper

frequency

Band limit | 0 718mm/ | 1.35mm/| 0.718 | 0.54mm/ gig;i_ti1vess

s rms srms| mm/ Srms | mm/s

rms
srms Non-

22489 positive
disp:
0.89
mm/s
rms

"PF" is vane passing or piston rate as applicable
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