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Centrifugal Pump
Failure Analysis

Investigating why a failure occurs can
lead to a permanent solution to the problem

WOODROW A NEPA ard ROBERT §. URWIN, Gonlds Pamps, fic, Senec Selis, N
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Il to0 often, the broken part or the

eqtire unit is replaced when o pamp

fuils without an atempt (o understand
why the situation occurmed. Whatever reme-
dial action is taken, it s oot likely o tempo-
rary fix, and the probability k2 high the pomp
willl fail again for the same reason, Becase of
the high cost of maintenance, parts, nnd
downtime, this practice is no longer accept-
able.

It is interesting to noste that some users lit-
erally count on & pumg to fail after o specified
time period, They now realize that the run-
ning time, or Mean Time Between Failore
(MTBEF}), of pumps must be maximized. It is
expensive 1o have a pump failure. {See the
accompanying section, “Typical Cost of
Recurring Pump Failure.™)

For a permanent solution to o failure, it is
essentinl that the root canse of the problem be
identifi=d. Onee the roar cause 15 known and
wndersiond, a course ol action s taken o solve
the problem, A four-step process i recom-
mended,
® Cotegorize [ailure. A failure is defined as
an event that prevenis the pumping system
from opernting as designed,

® [Establish symplom. A symplom 15 any
condition that indicates there is a problem
with the pumping system.

# [Determine failure mechanism. The fail-
uré mechanizm is a physical process leading
to failore. Porce, ime, lemperature, and reac-
tive environment are failure mechanisms,

& [dentify root chuse, The ool cawss is the
arigin of failure,

The First step in categorizing a cenirifugal
pump failure is relatvely simple, since there
are only two categories (hydraulic and
mechanical). A case can be made 0 include
system problems as another cafegory; howey-
er, system-related problems should be evident
in the pump problem

The accompanying chart, *Symploms and
Causes of Hydraulic and Mechanical Pump
Failure,” guides the wvser in identifying the
symptom and derermining the most probable
reason For fellure.

Exploring Root Causes

In manmy cases of fallure analysis, once the
cause 18 determined and corpective action
tnken, there ks no need 1o proeceed w step four,
since Che cause and rool cause are the same.
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Symptoms and Causes of Hydraulic and Mechanical Pump Failure

Symptom

Hydraulic Failure

Mechanical Failure

Cause

—

i
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Fump daes not daliver
suificient capacity

Pump does nol doliver

sulfickent pressure

Pump dallvers fhaw
Indermittantly

Bearings run hot ond'or fall
on a regular basis
mechonical sesl fallure
Packing has short life
Puing wibralas &t hlgher-
than-mormal levels

Pump is drawing too

miuch power

Woar of Imtermal wotted
pArts s accalorated

High rate of

Fump mod primed. or primas kos!

Suction andior dischames valves closed or cogged

Suction piping incomect

Irulticiang MFSH avadahie

- Excingsive fir enlrappad i liguid

@ 8|8 88| Pump doss nat dallver Rguld

Spead (rpm) boo low

Imzomact rmdabion

| Beckan impaker or ban vanes

Incormaci impalar or impalier fiamsier

[ Syalam head 100 high

IFErumants Qive BOMeous readngs

Alr leak in suclion line

[ Excessive shalt misasgnmant

Inadequale Lbricazan

Lubricant contamination

Inadequale Librizant cooling

#uial (hnust or radial loads highar
than beaing rating

Impeooer soupling ubacaion

" Euuclion pressire (50 Tigh

Beasing incarrecily instabed

wmlm Balanca

Owarheating of seal [acas

Excoszoe shall dellectan

Lack af seal fush &l sas| [soes

Incormect saal ireiallaton

Pumg is run dry

Pumg run off design paint

Ehaftishalt sioma wom

Packing gland nof property sdjused

Packing nol propary instalind

Impalier cloggoed

Goupling out of balance

L]
L]
L ]

Basapla not instaled propery

L
L ]

Pump operaling speed foo close io
gyzaem's nalEal ieguency

~Baanngs 1ang

| Piping nal proparty ancholed

LA I

Pump andior ditsar nol secund io bisa plaln

pravi than speciliod

Viscasity gher ihan specfed

Imrn]dmmhnlw

Chamicals in liguid alber ihan speciiad

Pumip assembled inoormacily

I!-ml.:idsw'l:mt:lﬁ:l'l than specified
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Carefully examine all rool causes of pump failure —
more than one may be at faull

The lobowing example Shows how, by chacking
Lailura machanisms againg! s calégones ol roal
causes, and by 8 proceds of eliminaticn of nan-
apphcabhs causas, a aohlion 10 pump lElume was
faund

A paper mill was uEing an ANSE end-suclion
procass pump on while walss sendce. The pumg's
power end was dasigred lor high lnads. The s
beading ran hot and faied alter three manthe ol
opeation. An denlical bearing replacemen algo
ran far thies moniis belons fEfing. A 40-deg angu-
lar eonlaal thnusi banring, mounisd back-to-tac,
wis fhen installed. This bearing failed afier e
rnonths.

The pump manufaciuner's fiekd sarice megre-
sentalive was called in, and logather wilh the
maiMEnance anginesar, sysiamaically began
elimirsating rool causes thal did not apply.

The pump's comgonenis had an escalient his-
lary and, olher than shafl size and baarngs, all
paarts ware consisient. These facis sliminatad
mabérial defacts as a causs

All parts on ke failed unil wene inspected o
ersung hey were manulaciuned 10 spedilications.

Solving a Pump Failure Problem

This siep ekminaled marufaciunng daliclencies.
Tha mEinisnancs oredy was naled 1o ba oom-
palen| and lolowad comacl mainlanance procs-
dunza, Mainenance debciancies sare el iminahed,
Asgembly lechnigues wara acoanding in OEM
recommandalions. Assembly delects wana alimi-
nalad,

Evam Mhough Dhe o was B n e 25% of
1hes e alfaciancy poind (BEF], Il was dasigned for
Ihis sarice. This aliminpied impropar o olf-
dhasign-poinl operation

This |l ong o] calss 1o explon, 1ha design
of the pumip. |l was dalarminad, from Iha pump
A& ue’'s 118, (hat DEEI'iI'Iﬂ: [aluies ||'|IEI"E.-
caused lrom axceggnag haal ﬂE‘l"IEfH.Hd by WI\
thrst laada. The manelaciures developad &
redasign af the powar and thal reduced heat ger-
araled by TO dﬁg F and |I'II3I}T|}I}T-E.1E":| a
lingarichanne lubrcation systam end a langer off
sump for baltar ol coalng, creuation, and bear-
ing lubricamon. The plant kas nol expesienced &
pump failue since the redesigned power end was
mElakad

Cirstrifupal punps v or faill in a variety
af applications. Faflure analysis belps
deferning e cawse of fadure and poiety
o a solulion,

In those cases where the “why™ was not deter-
mined, further analyeis is necessary. The
additional analysis s highly recommended to
take advaniage of the pump supplier’s exper-
tge in identfying rool causes,

There are several major categories of root
causes of pumg fatlure:
e Faulty pump desion
o Material defects
& Processing and manufacturing deficiencies
L] ."l._ss:m'l.-|'_|.' andfar mmstallstien delects
® Crperating ofl the design point or service
conditions ather than inended
® [mproper maingenance
® [mproper operalion

Each calegory should be reviewed a3 a pos-
gibke roof couse usmg hisigrical data and (=il
ure mechamesms including force, time, Pems-
perajure, and reachive eavironment, This
chould lead to wentification of how and why
a failure occurned

Fov more infarmation . . .

Duiestions about tis arlicle will be answensd by
e authors at 3158582811

.. Josaph L. Foszez, Senior Edilor, 708-350-
2629

For information on how 1o order copies of
this article cirche 11 on post card
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