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Enbodi nents described relate to the nonitoring of
wWEopssi3ne use. I n particul ar, enbodi nents of oPCT/IBA0G/054995

punps and techniques for their nonitoring with a punp

integrity nonitor are described. BACKGROUND OF THE

RELATED ART [0002] Large oilfield operations generally

i nvolve any of a variety of positive displacenent or

centrifugal punps. Such punps may be enpl oyed in

applications for accessi ng underground hydrocarbon

reservoirs. For exanple, positive displacenent punps
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hydr ocarbon reservoir. Such applications may include

cenentlng; coiled tubing, water jet cutting, or

hyd uring of underground rock. [0003] A

positive dIS | acenment pu such as those descri bed
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associ ated engi ne, transm ssion, crankshaft and other
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4,000 Hp. A large plunger is driven by the crankshaft

t oD mirgriivagnifor mdescebetrber in the punp to

dranatlcally effect a hlgh or | ow pressure thereat.
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for exanple, often takes place at pressures of 10, 000
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fluid through a borehole such as that noted above to
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[ 0004] Whether a positive di splacenent punp as

despsreigdicadiny®,a B deRMbei fek@ddir. Such applications may include cementing,

coiled tubing, water jet cutting, or hydraulic fracturing of underground rock.

[0003] A positive displacement pump such as those described above may be a fairly
massive piece of equipment with associated engine, transmission, crankshaft and other
parts, operating at between about 200 Hp and about 4,000 Hp. A large plunger is
driven by the crankshaft toward and away from a chamber in the pump to dramatically
cffect a high or low pressure thereat. This makes it a good choice for high pressure
applications. Indeed, where fluid pressure exceeding a few thousand pounds per square
inch (PSI) is to be generated, a positive displacement pump is generally employed.
Hydraulic fracturing of underground rock, for example, often takes place at pressures of
10,000 to 20,000 PSI or more to direct an abrasive containing fluid through a borehole
such as that noted above to release oil and gas from rock pores for extraction.

[0004] Whether a positive displacement pump as described above, a centrifugal

pump, or some other form of pump for large scale or ongoing operations, regular pump
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punp, or sone other formof punp for |arge scale or
ongoi ng operations, regular punpnonitoring and

woradoavgrseice may be sought to hel p ensure uptiPEI/EB2A07/054995

i ncrease efficiency of operations. That is, |ike any
ot her formof industrial equipnment a punp is
susceptible to natural wear that could affect uptine
or efficiency. This nmay be of considerable
significance in the case of punps for large scale
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monitoring and maintenance of pump health may be an important part of ongoing pump

operations.

[0006] Issues with wearing pump components such as those indicated above may
be accompanied by certain vibrations particular to the type of wear taking place.
Therefore, it is not uncommon to monitor the health of a pump during operation by
taking into account such acoustic or vibration information. For example, a positive
displacement pump may be evaluated during operation by employing an acoustic
sensor coupled to the pump. The acoustic sensor may be a conventional sonic
transmitter used to detect high-frequency vibrations particular to a leak or incomplete
seal within the chamber of the positive displacement pump, such a leak being a

common precursor to pump failure. By employing an acoustic sensor in this manner,



seal wthin the chanber of the positive displacenent
punp, such a | eak being a commobn precursor to punp
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manner, the costly and somewhat unreliable alternative
of regularly tinmed interruption of punp operation for
manual seal inspection and replacenent nay be avoi ded.
Simlar acoustic nonitoring of the health of the punp
may be enpl oyed for the detection of other types of
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own unique RPM with its own acoustically detectable timing. In this manner,

occurrences of unhealthy acoustic data may be correlated to a particular pump
operating at a given RPM. However, as a practical matter, operating a host of different
pumps at a variety of RPM’s for an operation may be near impossible to implement as
indicated below.
[0009] The vast majority of oilfield pumps are only able to operate at a limited
number of speeds making the above manner of operation potentially very difficult to
achieve depending on the particular level of total output called for in a given operation.
In fact, even if achievable, the operating of pumps at a variety of RPM’s for an
operation leads to uneven stress on the pumps with significantly greater loads applied

to certain pumps. As a result, there is a greater likelihood of pump failure during the



In fact, even if achievable, the operating of punps at
a variety of RPM s for an operation | eads to uneven
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applied to certain punps. As aresult, there is a
greater likelihood of punp failure during
t heoperation. Furthernore, regardl ess of the RPM
assigned to a particular punp of a multi-punp
operation, natural inconsistencies in behavior of punp
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DESCRI PTI ON OF THE DRAW NGS [0011] Fig

par (904¢) y  <dcem frery woaftorglgp%w%g%sew%lws éﬁﬁlpw %@rem the

an enbodi nent of a punp i ntegr|t¥ nmoni tor. [0012] Fig.

2 j Bump psadlsdcopynial aplelinpe B %@ﬁ&l%ﬁel%ffvet thercisy i Tecorded.
assenbly of Fig. 1. [0013] Fig. 3 is a perspective
par P3eling efepqougicaflaty ity @‘fcuéﬁnwéh‘r?oé}gﬁewpedoﬁc%lﬂﬁpq‘%yffﬁ@lamsm

the punp asseanY of Fig. 1 in a multi-p per ati on.
followed by an evaluation of the acoustic data in hght 0 the tlming information.

Sampling of acoustic data may also take place based on a speed of the operating pump
assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a side partially sectional view of a pump assembly employing an
embodiment of a pump integrity monitor.

[0012] Fig. 2 is a cross-sectional view of a portion of the pump assembly of Fig. 1.
[0013] Fig. 3 is a perspective partially sectional view of an embodiment of
employing the pump assembly of Fig. 1 in a multi-pump operation.
[0014] Fig. 4 is a chart depicting data obtained by employing an embodiment of the
pump integrity monitor and pump assembly of Fig. 1.
[0015] Fig. 5A is a graph depicting data obtained from employing an embodiment

of the pump integrity monitor and pump assembly of Fig. 1.



[0014] Fig. 4 is a chart depicting data obtained by

enpl oyi ng an enbodi nent of the punp integrity nonitor
w@rwspsmsms assenbly of Fig. 1. [0015] Fig. 5A i BRCHIROGHIIF4995

depi cting data obtained from enpl oyi ng an enbodi nent

of the punp integrity nonitor and punp assenbly of

Fig. 1.[0016] Fig. 5B is a graph depicting data

obt ai ned from enpl oyi ng anot her enbodi nent of the punp

integrity nonitor and the punp assenbly of Fig. 1.
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equipment and pumps that are in fluid coupling with the pump assembly 100.
Furthermore, the pump integrity monitor 101 may acquire data at a lower non-uniform
sampling rate based on operating speed of equipment of the pump assembly 100,
thereby drastically increasing processing capacity. In a particular example, the pump
integrity monitor 101 may acquire acoustic data based on the speed of a pump 150 and
thus, plot data in line with positioning characteristics of the pump 150 with less
computational complexity.
[0019] Referring specifically now to Fig. 1, an embodiment of a pump assembly
100 is shown equipped with a pump integrity monitor 101. In the embodiment shown,

the pump assembly 100 includes a pump 150. The pump 150 shown is a positive

displacement pump that may be of a triplex configuration and for use in a fracturing



[0019] Referring specifically nowto Fig. 1, an
enbodi nent of a punp assenbly 100 is shown equi pped
WOWRER/08I3pRINP i ntegrity nonitor 101. In the enbPdi/Mm2007/054995

shown, the punp assenbly 100 includes a punp 150. The
punp 150 shown is a positive displacenent punp that

may be of a triplex configuration and for use in a
fracturingoperati on. However, other types of punps,

i ncludi ng centrifugal punps, may be enpl oyed for a
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appllcatlons [ 0021] The crankshaft 155 is driven by a
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125 as directed through a transm ssion 140. The engi ne
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enbodi ment shown, all of this eq wﬂgrrent”l s '
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and use at a production site, such as the well
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an engine 125 as directed through a transmission 140. The engine 125 may be a 200
Hp to 5,000 Hp prime mover. In the embodiment shown, all of this equipment is
accommodated at the same platform 130 for placement and use at a production site,
such as the well fracturing site 300 shown in Fig. 3. The platform 130 may be a skid
for dropping in tact at the production site, part of a conventional trailer, or other form of
delivery mechanism.
[0022] With added reference to Fig. 2, all of the above described equipment and
components thereof, are subject to natural wear during operation as indicated.

Therefore, the pump integrity monitor 101 is provided at the platform 130. In the

embodiment shown, the pump integrity monitor 101 may include several circuit boards



delivery nmechanism [0022] Wth added reference to
Fig. 2, all of the above descri bed equi pnent and

W@ ivposissg s t hereof, are subject to natural weRCT/TB2OMF4995
operation as indicated. Therefore, the punp integrity
nonitor 101 is provided at the platform 130. In the
enbodi nent shown, the punp integrity nonitor 101 nay
i nclude several circuit boardswithin a control box for
sanpling and anal yzing a host of acoustic and other
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punp assenbly 100 (see also Fig. 2). In particular, as
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acoustic sensor cougled to the engi ne 125
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as described below. In an enbodi mrent where the punp
1500btained weilpr tedpfoymation\obipined thy the ey sengersi@piap dgschibedefurther
may be nodified and | ocated to acquire data regarding
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reference to Fig. 1, a circuit board of the punp
i Nt eqpuncion with acoustic data obtained from an acoustic sensor coupled to the engine
125 or transmission 140 for establishing a condition thereof as described below. In an
embodiment where the pump 150 is electrically driven, the sensors described here may
be modified and located to acquire data regarding electrical current input.
[0024] Continuing with reference to Fig. 1, a circuit board of the pump integrity
monitor 101 may be provided in the form of a high speed acquisition board which may
include no microcontroller or processing capacity. Rather, the high speed acquisition
board may be dedicated to sampling acoustic, vibration, or pressure sensor data at a rate
of between about 100 to about 600,000 samples per second or more. The high speed

acquisition board may be dedicated to obtaining data from the acoustic sensor 110

and/or the pressure transducer 179 as indicated above. These sensors 110, 179 may be



nonitor 101 may be provided in the formof a high
speed acquisition board which may include no
WOor@s08Brs r ol | er or processing capacity. RathePCT/iB2007/054995
hi gh speed acquisition board nmay be dedicated to
sanpling acoustic, vibration, or pressure sensor data
at a rate of between about 100 to about 600, 000
sanpl es per second or nore. The high speed acquisition
board may be dedi cated to obtaining data fromthe
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ref@éence to Figs. 1 and 2, an exanpl e of an
acotistWcal |y detectable unhealthy condition in the
punP assembly 100 is described.in d@%all Tha
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described herein, these unhealthy conditions may include plunger wear, loosening
engine mounts, piston issues, deteriorating crankshaft bearings, and transmission
breakdown in such forms as a slipping clutch or broken gear teeth to name a few.
Another such example includes the unhealthy condition of a failing pump valve seal
260 as shown in Fig. 2. This type of failure may be prone to occur in circumstances
where abrasive fluids are directed through a pump 150 such as during a fracturing
application.

[0026] With particular reference to Fig. 2, the pump 150 includes a plunger 290 for
reciprocating within a plunger housing 207 toward and away from a chamber 235. In

this manner, the plunger 290 effects high and low pressures on the chamber 235. For



Anot her such exanpl e includes the unheal thy condition
of a failing punp valve seal 260 as shown in Fig. 2.
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ci rcunst ances where abrasive fluids are directed
through a punp 150 such as during a fracturing
application. [0026] Wth particular reference to Fig.
2, the punp 150 includes a plunger 290 for

reci procating within a plunger housing 207 toward and

awayxatdpRMdthe PamBer 29835 thrhs tdwitr® tHIRANEEor 28 NEhOpIBYRS within the
290 efPects hi gh 'and | ow pressures on the chanber 235.
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chamber 235, the pressure within the chamber 235 is
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be enoughto eff an openi ng of a discharge val ve
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t he er 235. T unt o ressure require
. f . 5 ' :
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' ' Kk h [ | ve 250. i o] B .
e YRS P e R U LRI SEY DU LR S B3
th h 235. | di t .wh th :
OGRS a o 8 R RSB St DR s o o

be achi eved in th descr bed. £
p PaBa I 55E0: PO Ry B Aot I R AN deserived

e T e S i i R

pl unger 290 retreats away frogmits advanced di Ch€YQF
pos|W#Ftn néhs Plupger 2A% Age Rlso sHect praw pressie PR tictfbpmbe 235, That
w || decrease. As the pressure within the chamber 235
decBeasthe plyngsr dPQ ceirerigerwpy| fm Jtsrdyprcpd disglasge position near the
returning the chanber 235 to a sealed state. As the

pl uftgELeDR. gsrtresivre shargn ol degionss e dhs PrsesuEchaifye the chamber
235 the pressure therein will continue to drop, and
evehtdudecregses, thodischarzaaglae RYEWPk dessuetarnyg the ¢ghambeni3s\ied scaled
within the chanber 235. Similar to the action of the

di seiitar ge theaplyegepBY) clationds e thozsibovey, fremahqehambenr 235 the pressure

decrease will eventually be enough to effect an
opetheregn will continue to drop, and eventually a low or negative pressure will be

achieved within the chamber 235. Similar to the action of the discharge valve 250
described above, the pressure decrease will eventually be enough to effect an opening
of an intake valve 255. The opening of the intake valve 255 allows the uptake of fluid
into the chamber 235 from a fluid channel 245 adjacent thereto. The amount of
pressure required to open the intake valve 255 as described may be determined by an
intake mechanism 275 such as spring which keeps the intake valve 255 in a closed
position until the requisite low pressure is achieved in the chamber 235.

[0028] As described above, and with added reference to Fig. 1, a reciprocating or
cycling motion of the plunger 290 toward and away from the chamber 235 within the

pump 150 controls pressure therein. The valves 250, 255 respond accordingly in order



of an intake valve 255. The opening of the intake

val ve 255 allows the uptake of fluid into the chanber
wQ22Bshsens a fluid channel 245 adj acent ther et oPCTB2007/054995

anmount of pressure required to open the intake valve

255 as described may be determ ned by an intake

mechani sm 275 such as spring which keeps the intake

valve 255 in a closed position until the requisite | ow

pressure is achieved in the chanber 235. [0028] As

desgr iRKGs@IRYE frod thoMhdmiREAdes thRfuelk @NaRpéRinkl Ghandel 20 and
reci procating or cycling notion of the plunger 290

t oVgikithaR R GoaANYid fpifRRM6t e h el HIRSEre 2 FRatWidiDisthED RpRBEPwith fluid
150 controls pressure therein. The val ves 250, B
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chanber 235 through a dlspen5|ng channel

ul't !l e(!le)é%r{b%d Fnal lllééo(AatQ't@ @ d%?ll% _ \%Ehg{?t RE ?ﬁﬁg rlg() flﬁyJ?ﬁdng to its

flui is then replaced wth fom w

< ha ﬁqeﬁlo%fn}%pof%ﬁs %P% UG H%Qﬁssrn of 57%51%11}’ i cﬁ’ﬂ% o%%e? 235 is

eSCI‘I esonat e

t hr FH&QQCP u{‘h S 188%?&'?1?20V%n0| éég {lg s&?so} E@Sl%%wb?%ych{ég thereto for

port1ons Such as“a ousi
whi ch .t he chanber 235 is |ocated. Thus as i ndi cat ed
abo%z AN aLBaLt e YeEnSor 110 may be secured t heret o

f 0029 .
not Wi'er” RaHel P el sy sBE Rl oBy B mu St 410 or Fie 1
val 78 b lcg%ﬁ%gnﬂlﬂlée%ﬁ&%%gf o Y afve Yo Egﬁé";!ah%% wpon
cl oser i.nspectian_of [ rent that th

di sEIRSF g%ﬂp%wveofz%l@ Prﬂ&l%a@%a“‘é“ éleﬂﬁftﬁer ﬁ&slvaég%w e 288 dpeludes a

260 faqor sealing off of the chanber 23
confieramble Rhtucd %@0 @aéﬁahélgm 9%%%%113@@02353 The conformable

conduci ve to the punp 8 of abrasive containing fluids

t hr eaigR of hechoy yplve sepl a?é ii%s cIpdpene nthe gympgie ¢fpbragiye containing

case of fracturing operations. For exanple, the

abr fuidy thrqughites prayp | Ycisieleften esiledh furie theisese efdrashiiag operations.

ceramic material or bauxite m xed therein. The ' '

confForaxample. thapbresvofluid ey vedivds aqueppagicOckby wnd. detantiomaterial

conf orm about any proppant present at the interface

2750bauxite maied shaaeige ThalopafopBablanaure of the valve seal 260 allows it to
conform about any proppant present at the interface 275 of the discharge valve 250 and
seat 280. Unfortunately, the conformable nature of the valve seal 260 also leaves it
susceptible to the unhealthy circumstance of degradation by such abrasive fluids.
[0030] A conformable valve insert 260 of urethane or other conventional polymers
employed in a conventional fracturing operation as described above may degrade
completely in about one to six weeks of substantially continuous use. As this
degradation begins to occur a completed seal fails to form between the valve 250 and
the valve seat 280. Thus, as noted above, an acoustic vibration indicative of an

unhealthy condition of the operating pump 150 may then persist that is attributable to a

growing leak between the chamber 235 and the dispensing channel 240.
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seat 280. Unfortunately, the conformable nature of the
val ve seal 260 also leaves it susceptible to the

W@ nveas13hs/ circunst ance of degradati on by suchPGEDTBEIMES4995
fluids. [0030] A conformable valve insert 260 of
ur et hane or other conventional polyners enployed in a
conventional fracturing operation as descri bed above
may degrade conpletely in about one to six weeks of
substantially continuous use. As this degradation
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t he valve 250 and the val ve seat 280. Thus as noted
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t he chanber 23 and the dispensing channe
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Sé ak 26 th%¥orp e r?i% 3%&"[50 ﬁ!agc}{b&jle h&&&baikﬁlclﬁd@ ¥ecM111 ues for dlscernlng

acoustlc Sensar

legésc tlct(Q%Oé?ﬁJagEtm]gﬁfg I]ilngglglg ar?ﬁ&gtg?se g‘@% %H%dﬁ%ﬁ e?{O%ugI(.% and equlpment
proruct

S e R T e
S%”ﬁﬁ@%ﬁ&ﬁfﬁ%ﬁﬁ%ﬁ%ﬁ@gé F8%ata of the pump
coniittion B <PHE" Ui oo ot m%s%?%é%evﬁ%&%w%dé‘u%{‘éb%%? ies 302,
aas I Pasbsosth g@gom@w' A3 prodoRArY Y a7 f&é@“%& ?q He pump
production site 375 in addition to the

10028¢mity 400 of Figab nEgph of fhe asscablip) 3Ws 3@382% §@§ 30§o%pd 100 may
305, 306, and 100 nay be no nore than 10-12 feet from

onebaiomprerthanfO 1?2 %%tcfrpnbﬁl@r@ﬂhﬁ@ waih cachsgrgragipg #lol, ¥)0ddipto 5,000
Hp to propel an abrasive fluid 310 into a well 325.
TheHane asipgkar phipsdve3fgd fd§ e agvelbd?ed Thhelyasivreflyid 310 may be
325 and directed to fracturabl e rock 315 or other '
ear directedtiasp ithel wells325gind diseqtest ta fiactofablg reckddérr othar carth material as
fracturing operation.
is the nature of a convention fracturing operation.
[0033] Apart from the acoustics emanating from the pump assembly 100 of Fig. 1,
a considerable amount of noise is generated in the above described fracturing operation
of Fig. 3. In fact, in continuing with reference to Fig 3, added equipment such as a
blender 307 may be provided on site adding noise to the operation. Furthermore, each
assembly 302, 303, 304, 305, 306, and 100 may generate up to about 20,000 PSI for
directing the abrasive fluid 310 through a common manifold 375 and to a well head 350
coupled to the well 325. That is, all of the assemblies 100, 302, 303, 304, 305, 306
may be in fluid communication with one another. As a result of such communication,

the ability of acoustics emanating from a single pump assembly to resonate at an

adjacent pump assembly is enhanced. Thus, referring back to Fig. 1, the ability of the
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[0033] Apart fromthe acoustics emanating fromthe
punp assenbly 100 of Fig. 1, a considerabl e anmount of
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operation of Fig. 3. In fact, in continuing with
reference to Fig 3, added equi pnent such as a bl ender
307 may be provided on site adding noise to the
operation. Furthernore, each assenbly 302, 303, 304,
305, 306, and 100 nay generate up to about 20,000 PSI
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nanlfold 3 and to a well head 350 coupled to the

vel bonddBn ofNAt askcviatdd butﬂﬁ alBRLBS FRMA pGoul? OmaP @R of significant
303, 304, 305, 306 may be in fluid comunication with
onepappt her. As a result of such conmunication, the
ability of acoustics emanating froma single punp

assgghay te ﬁtﬁﬁﬂ%@%lﬁl Rfer@ie & d{@fﬁ@ np&m@ oﬁﬁﬁeaﬂ‘p%eyclléscsﬂbed fluid

enhanced Th erring o Fig
of HSH Lot 0] cih,Rhe h
sou%ce 0 acgdggﬁls¥¥£$n%ét Ob 36?h3820%%ftﬁghiy? during

o TR, e %w L Sy AP

d: qutn lggrgd ?r lﬁs%l% d manneT th al?oows 1H£er1n§ ang k%avgrln §qu151t10n of

cormunl catl on
305, . 306 du conventl b
opeécgtl?%rfgfo’ B R R T 3¥ ] Ry i mes b
| s conf.i red for er
o EE BT SHEPIRG B dwPh ot ﬁ@p@zagﬂ?’]} by noted high
acoustic information relative to its own particul ar
puntPees %ﬂgpnﬂe@rdo ThFamasHiogeV il KN e §oBy Ok He iﬁ&?ﬁis 110, 179
integrity nonjtor 101 enploying both the above no
hi gROSEpaRGOFRBHICS theiseingArePustic BérBRtRn ran te wwp&ﬁ@mbly 100
or both of two sensors 110, 179 positioned to enhance
t heolsliais| Hypasticuleo &t i, 4 ipdieatask fsrhigh wieed W@u}ﬁuwp board may be
assembly 100 of Fig. 1 in particular. That is,
i ndilesigaied  to shaplnggtensgelaty acytates PE beswedsorhogt h%@/tdoebout 300,000
dedicated to sanpling sensor data at a rate of between
abosmpl@oper eednduer B0G; 00buss anpletasied dirthee dolowy, dhe agstugsition of
Thus, as detailed further below, the acquisition of
acoustic data from the pump assembly 100 of Fig. 1 may be enhanced by use of the
sensors 110, 179 positioned as indicated above whereas the resolution of this acoustic
data may be enhanced by use of such a high speed acquisition board.
[0035] Continuing with reference to Figs. 1-3, the pump integrity monitor 101 may
be directly wired to one or both of two sensors 110, 179 positioned to enhance the
sensing of acoustic information from the pump assembly 100 of Fig. 1 in particular.
For example, the first sensor, the above described acoustic sensor 110, is positioned
directly on the fluid housing 157 of the pump 150. The second sensor, the above noted
pressure transducer 179, may be positioned within the common fluid line 175 to the

manifold 375. While positioned in a common fluid area, the pressure transducer 179 is

located to the pump side of choke 177 that briefly cuts down the inner diameter of the
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acoustic data fromthe punp assenbly 100 of Fig. 1 may
be enhanced by use of the sensors 110, 179 positioned

W@ 20081080365t ed above whereas the resol uti on of PET/EB2007/054995

acoustic data may be enhanced by use of such a high
speed acqui sition board. [0035] Continuing with
reference to Figs. 1-3, the punp integrity nonitor 101
may be directly wired to one or both of two sensors
110, 179 positioned to enhance the sensing of acoustic

I nf pidBsi 08, fboRith ). PRHIPcAS IRk thd @Rerhitidn & acdustiéh emanating
particul ar. For exanple, the first sensor, the above
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con ttenuatlon of acoustics emanating
fro%?%ﬁ?ﬁgﬂh&gp%Fﬁé§punp assenbly 100 of Fig. 1. Thus,

;2 2 “ﬁg@m ng‘oo e Co{é ha‘{“%{ a%qr ésé%%r oefo%cogﬁlgcfgaltjan?m%@e pUp
i's st|II ced. | ocat of the .
7Ry GO lﬁefagwﬁ’srﬁlﬁ@w?ﬁ RSP % R iR JEEr nois
ggzgorg@ eg' ggléc%g Bglﬁggglgrtl ﬁS Ot h rs?_q%assgrggrl sl[uglggsgajopzrpﬂmny switch 120
addltlﬁn to. the @nhanced acqui sitiqgn of acoustic

f r offRY RePouifpd isSe riypy Ifessithmopird Pbapd cquple éﬁﬁéﬁ@é@ “driveline
resolution of data . as indicated renders noise fro

ot h@echepismdSe fesrmenitoripgsnepdpfl the eRgrvEe ap@@%@e@%@ﬁ% gHowing the
such as a proximty switch 120 may be provided to the
pUNProFgitas g icoRfirmpttittidsy noig12as oy ot Hip Ifiom the agsemlyatdOn glherefore,
driveline mechani sm 180 for nonitoring speed of the

opevdh jaddpdarsfeasnse yo oo 3. swalisa high|raigi dgicouséic prmelewslyr the pump
to confirmoutside noise as out of sync fromthe

as s@tdgrity mootor Thie thefised fo apictate wridfald apssmbliendd, 3@, % 304, 305,

3, such a high rate of acoustic sanpling by the punp
306 of a multi-pump operation at significantly different and/or constant speeds is

substantially obviated. Rather, distinction between noise emanating from outside
sources, out of time from the associated assembly, may readily be deciphered by a
processor of the pump integrity monitor 101 with such a vast amount of acoustic data at
its disposal.

[0037] As described above, the pump integrity monitor 101 may be employed to
diagnose an unhealthy condition such as a leaking pump valve seal 260 in spite of
surrounding noise at a production site 375. Furthermore, all other assemblies 302, 303,
304, 305, 306 of a multi-pump operation such as that shown in Fig. 3 may be equipped
with individual pump integrity monitors for diagnosis of unhealthy conditions of the

associated pump assembly 302, 303, 304, 305, 306. Again, such unhealthy conditions
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integrity nonitor 101, the need to operate separate
assenblies 100, 302, 303, 304, 305, 306 of a

worioBiosep operation at significantly differeP@T/EBI 054995
constant speeds is substantially obviated. Rather,
di stinction between noi se emanating from outside
sources, out of tinme fromthe associ ated assenbly, may
readily be deci phered by a processor of the punp
integrity monitor 101 wth such a vast amount of
acomay icldidtiduakady puns SHaRPpRaber &&Qafmve%riﬁi%ﬁﬂ, l®Fening engine
above, the punp integrity nonitor 101 may be enpl oye

t o RHbAGNASEPRoHRDERIBANssENditeliOR S eRnRRaR HeBdMek NSrossheads,
punp val ve seal 260 in spite of surroundi ng noi se at a

Pr ofHeth@N tahdnfissihobredRAbH RESHIR L8 clufth!s1iBAE or BRREADBL €Rth and
302, 303, 304, 305, 306 of a nulti-punp Operation such

as_hfiainc: BOMRidnd pfcl GhingoRMiBp Al RRED W LD

i ndi vi dual punp Pntegr ty nonitors for diagnosis of
unh hy adi Lt 0 - ' . 3S . .
SRR SN 590550l ARG, 6 PUIRRSACTARY
Conglloﬁilto(%nl%qaﬁfoxlfigg ldagcqioll eo%lﬁlg] HedttNR o gf%lel%" ass&lan‘ 9o recardless of
wear, val ve 'spring wear, |oosening efgine [TOUNt S, p%np
ear Tl Eh S BRE Ry ErbRaP G LR Ghntearty may aisobe
breakdowns. such as clutch sli. e or broken gear . .
et TPIN Ay SR aR Sl usihl P aoties Slg e s Fracity required
abnormal jties. [0038 i1 e the abgve descri hed

F o i LGRSy Agtine Thtld: TR-GAR: STRDRS b sy noted
provi de detection of the health of a gjven assenbly
1003908%46%@53 S @Rfr PSR B SIgIIHGS é%mpiwgh%eq Rerfpaig an FFT 10
i ndi cative of equi pnment health or integrity may al so

be Rlptheyarmagon asauiHe datg maythesamplsd peditats %@@64 prothe speed of the
anount of processor capacity required for establishin
equiisigie cHeamer, (LoHp-ungornt gt Higklar prappligghpln thig npgpacr the need
above noted acoustic data at a constant rate (i.e. ,
equiadiaglisarete Bahponvergion arry hsealifpatadey tegpsfamed todhqopngular domain,
the information, acoustic data may be sanpled at a
r at dsresateddo hetim aspheorddr” sprsc.opbe avip gntegnty prypiter 101 may be
(i.e. non-uniformor angular sanpling). In this manner
t hepnawiddd with the capability to detect and analyze much higher frequencies. For

example, frequencies substantially beyond 25KHz, more preferably beyond 100KHz
may be analyzed by a processor of the pump integrity monitor 101. As a result, leaks
or other acoustically detectable problems encountered by the pump assembly 100 may
be detected much earlier on, when presenting at such higher frequencies. In fact, in an
alternate embodiment, a very limited Fourier analysis may be performed over a small
frequency range in order to increase spectral resolution. Nevertheless, the signal
detection may be obtained earlier on at higher frequencies.
[0039] For example, with reference to Figs. 1-3 above, the pump integrity monitor
101 may sample acoustic data at a rate of between about 50 and 5,000 samples per

revolution of the crankshaft 155. Thus, positioning information relative to cycling of
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for a discrete FFT conversion may be elimnated or

transferred to the angular donmain, also referred to
wheeesides the "order” space. The punp integriRgI/IB2007/054995
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exanpl e, frequencies substantially beyond 25KHz, nore

preferably beyond 100KHz may be anal yzed by a

processor of the punp integrity nonitor 101. As a

r esthbtpunlpe @k nffy AkhLdticAGOUS tir&alddy wB R Gn@dle8d to perform FFT
probl ens encountered by the punp assenbly 100 may be

det gmly8dioRUC oBRE kd I%i(;ulﬁ’t@ the\ARPIRY &SLHIstifdat@tn HlGhanner, a sensor
hi gher frequencies. I'n fact, Iin an alternate

enbf‘?lgﬂf B@Bltomd@d Y@ﬁ&fm{dr '6} ¥r§é¥< tEQ an'n%r ofaar}ﬁd)\){% ﬁarn@fy[hgﬁump 150 and

performed over a snall frequency range in order to

' NCHaaASHK @Q&Ptg OJ%%‘JHER:I Yt Is l}leﬁ?ﬁ%rﬁhﬁl ﬁ'ﬁl gﬁéer{s]@r §259f§aﬂrowded

det ect’i on nay I hed eaﬁ1|er on at

f r e%&%ﬁtsge[ﬁ%n%p%gchat Es%rw%h( Bgme%bte\ﬁncllagksrhgft §5§ [i%ﬁg.t © The plunger

noni t or
5,0 i %ﬁ'pcr%thce?&rag\%gf N T g

o f t Hlforﬁ)lots Ir} Ili}%gfo%ansmlt 8 iﬂe%ﬁ@?ﬁtg‘%ﬁ%%&%}} %fg]?(f III% ﬂlls jpanner, the

d t form FET
?%wﬁg%es%ort R R oS0 ey SiabteRiER gl gppraing pum

sor na ovi ded t.o itor or trac

Nec iyt F%&t%afm&fw%“ﬁ&%&m%ﬂ dit%esel%{waklfeﬁ%% ts

speed For anpl e, as shomm
enH)Qf‘OlzzsRFérrﬁagd\ﬂWd@dFlgd J ’aYY%PddfddF@W&%? toz@l@S tlhét acpstic data

driven by the noted crankshaft 15
pl utfgeied &y g pvppdetesity Wloé“t%]rqla‘fla zezhmams @ew&B%atwe is plotted
the i ndex sensor 225 such that timng information nay
be ¢t ashHi-t Tedchay shawn plaspaconttisglera hatrhsmbedsy obtpned frgm a pump
this manner, the processor of the punp integrity
monasserbly 040 havaes Ry k¥kysith p feekisg velhe seah (s Shgwys g 2. In
150 in acquiring and plotting acoustically obtained
dat the egibadimgat shivwnehatvedndad] S0Rene abeuig.408wemples-piacoustic data
wi th added reference to Figs. 1-3, acoustic data
ac qbrve bdenptaited fpumgvinTeegutionyf thereranbshaftd $5 of the pump 150. Thus,
t echni ques descri bed above is plotted

given timing information from the index sensor 225 acoustic data has been plotted

without the requirement of FFT conversions, thereby saving substantial processor
capacity of the pump integrity monitor 101.

[0041] Continuing with reference to Fig. 4, timing information from the index
sensor 225 allows for the plotting of an acoustic profile of the angular position of the
cycling pump 150 based on three plunger reciprocation areas 1, 2, 3. That is, in the
embodiments described herein, the pump 150 is of a positive displacement triplex
configuration. Thus, three separate plungers, such as the plunger 190 of Fig. 2,
reciprocate in any given cycle of the pump 150. A variety of acoustic data 400, 401,

402, 403, 475 may be plotted in accordance therewith.
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on a chart. The chart shown plots acoustic data that
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Fig. 2. In the enbodi nent shown, between about 500 and
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the pl; ?&l%rﬁoujs%)d% ?@ogfn%%n%g ﬁ&{n%ﬁ&ﬁg}t'ﬁs £ ﬂiz"?@oém, 305,

cy CP acous data

401 40 475 ted N COr,

thet g 8’3451 mthml%%ae'%e% e g RGBT T B dpaicace of an
cert acou a i s rsist hout

ent ! aycqopﬁéo%]o @ug}@nﬁﬁ PEYCIatER; hptil g thrn[y monitor 101
aco stlc 475 may be the expected acoustlcs of the

oper@ 150 and ot her equi pnent of the assenbly
100, Due to the |%proved resolutlon and enhanc

det W8ttlon phoehaed! iy 4 Hedeﬁtﬁftﬂ I g R %tlhtﬁsct to above,

as detail ed above, the probabl ity of an overwhel m EQ

arotik 2 grexpepa frsqusney dtestabls & halkithe samplingemyencydi e rF@ With

anot her assenbly (i.e. 302, 303, 304, 305, 306 of Fi

3) , IePRECHoMRTHCY B UIRSE Eac tresgdon ayeasH » Aok of thaxghes, qagh pgludes strike

i ndi cati ve of an unhealthy condition of the punp 150

asséut dled0nid0h rerraliphityy Yahtcedilics permiwicebieccippEatins; frgonating at

enpl oyed. [0043] The chart of Fig. 4 is depicted in a

| ogkativedindbous t/4af end sbaut] 3 ed theosaatpbive frequency (Fs). This would be
expected as described in detail above with respect to Fig. 2 where valves 250, 255
strike valve seats 280, 285 as described above. Again, this particular acoustic data fails
to be indicative of any unhealthy condition of the pump assembly 100.
[0044] Unfortunately, upon close examination of the first plunger reciprocation
area | an unhealthy condition of the pump assembly 100 is revealed. That is, recalling
the leaking valve seal 260 of Fig. 2, unhealthy acoustic data indicative of this leak
presents in the form of leak data 400 in the first plunger reciprocation area 1. The leak
data 400 presents immediately after the striking of a valve (i.e. 250) as shown by the
strike data 401. As described with reference to Fig. 2, it is at this time that a completed

seal fails to form between the valve 250 and the valve seat 280. Thus, an acoustic

vibration, depicted here as leak data 400, resonates as fluid leaks between the chamber
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wi th a maxi mum frequency detectable at half the
sanpling frequency (i.e. Fs/2). Wth respect to

w@aooslogusbar pl unger reciprocation areas 1, 2, BCDIB206#054995

chart, each includes strike data 401, 402, 403,

reveal ing two val ve strikes per plunger reciprocation,
resonating at between about 1/64 and about 3/8 of the
sanmpling frequency (Fs). This would be expected as
described in detail above with respect to Fig. 2 where

val ¥8sadSfle d2pénsmlslhlighel a4/ eAﬁQﬁhéﬂtﬁ?Q@nm &Sthe pump assembly
descri bed above. Again, this particul ar acoustic data

fai |¢p it heRBy b &Pidd Rl c@ny unheal thy condition of
the punp assenbly 100. [0044] Unfortunately, upon

cl ofRasxamiali Ofctfifed wb& el 158 JatPHONG QEpiEEE 1P QRATHR Reflects the
area 1 an unhéalthy condition of the punp assenbly 100

is g E?'ags.ﬁjtioilﬂ?gtc#lﬁfg lpgﬁga}ké bRg at ﬁlgta %ﬁﬁﬁunm aép\f&iogf%@hcousﬁc

260 F , unhealthy acoustic ndi cative

hi ﬁ:alL g?g 486 &P ﬁﬂst ﬁlaﬁ&r grb%ic{eg LLE Enflgﬁﬁﬁnécgﬁitg%?ﬁ(gg?ﬂagaé p parts

t

first unger reclprocation area

prese [ ' . e e Striki of, a val v

(i gr‘?v%@é)a’@g{?@%%é{%gﬁﬁ %%cgl até E[hrei czaen&gg{tggiofilow%e% with reference to

desgribed with reference to . Fig. 2, it is his.tinme

Chofe, 08 a0 SOUBET ARG i of ap isheli@ d2Sy hsipbET140 or
and the val ve, seat 280. Thus, an ac

250 ti ..
vi pPEieTiBs meghaisi LR ey 356ke DRt §areET AuDOrePiogRarSigilarly. the

as flujd_leaks hetween the chanber235 and the . .
di s%e@ﬁ‘giqﬁgsu%hgwﬂ@rermw dﬁtﬁﬂggla{‘ YOOBAGEH Aegdige te feehniques

u assembly 100 is thereb et ected and di spl ayed.
Fogg@f“tieﬁ %iq%?- AThab 1% qh%&%a%eo&é?ﬂheeatﬁch&was 2505 B cmployed for
depicted in a chart that reflects the angular position
of #NaENFHIE Bolh PP 2Ndsetg ditaa dof BEAMRY: appuytic data pppgesponding to a
depiction of acoustic |eak data 400 in this manner

pr o%5a8 Bélo SERIOYFhRY R frapsitivyiqnHd0 ey di (ndinstivg ofsurpblena prier to the
driven by a rotating nechani smsuch as the crankshaft
155drivghpge weehanigny h8G: e Sepidailye ay deseriped lelovs yngrpastod aspustic data
ot her equi pment such as an engi ne 125, transm ssion
140carespimiipg|th tlee ype hbthic sengd 2franay dicsipdipetive iihj cagine sige issues
wear and breakdown. Simlarly, the health of such
equiyshenvitheygibe mdette ot petomnipnesaiionor Addiagedy.di mgy boof benefit
t echni ques

to ex(jlmine the acoustics of such equipment in terms other than angular positioning.

For example, the amplitude or power (or power spectral density), as shown in Fig. 5A,
may provide insight into the condition of operating equipment in other frequency
ranges as detailed further below.

[0046] Referring now to Fig. SA, with added reference to Fig. 1, a graph is shown
depicting an acoustic profile of acoustic data acquired from a pump assembly 100
having a four stroke 12 cylinder engine 125 that is running at about 2,400 rpm’s. This
may be the same pump assembly 100 as that depicting the acoustic data of Fig. 4.
However, by way of comparison, the acoustic data of Fig. 4 presents at frequencies

higher than the chart of Fig. S5A extends. However, an extension of Fig. SA in terms of
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descri bed above. That is, the above-described
t echni ques nay be enpl oyed for anal yzing both punp and

wepgsngiddnt a. For exanpl e, acoustic data corr eBEUEBTYS4995

to a gear ratio enployed by the transm ssion 140 may

be indicative of a problemprior to the driveline
mechani sm 180. Simlarly, as described bel ow,

unexpect ed acoustic data corresponding to the rpm of

t he engine 125 may be indicative of engine side issues
SUCﬁe(ﬁénW Hbul@ RGicREhEREA s SC gﬁm9|r§lﬁt@@ dﬁﬁcdepfc%@aﬁ IF9-4. Another
Additionally, it nmay be of benefit to exam ne the

acoyigtidctisn abmsticu Rakd:RIERL SJAnra'ﬂﬁaF fFn Ak HiBfing R&Acoustic frequency
angul ar positioning. For exanple, the anplitude or

pov‘@a{ta clgeﬁns@%ﬂglﬂalsﬁb%ﬁltoﬁﬁlg e r};?épthyc)f’ FigS548 Q@w@ts' dokkif -data against

A may prOV|de i'nsi ght into the condition of

ope qﬁﬂ{ t her frequency ranges as
det%ﬁ% 39? eﬁ Y b80@[0046] Referring now to Fig.

0fkd a%%dadﬁ&f %Ee%h%@ & ?1| A gf'lg a8 ﬁc&é’"&’é& R ARMMtive to an

dep[ cti'ng an acousti acou

acqéﬂ rne 195 (%Qra%ng %@Eq;ﬁ%eml%mlgsomﬁ%gte@ 9 s%c gﬁl %Bg ggg’ would

12 ¢ €ren that s running at a

depg%nferate a t‘?ehqélel}/cgous olug4q¢'j§% y g%ﬂlﬁn Slil I% \%eamma%log y?ﬁl >c/‘hart of
t dat f Fi
Ot b RaRR i @B 5 PSR bk bR e %éﬁr 35 ik ratest
Ho t [ f 5A t
mﬂ'i?%&{néeﬁgﬂwee? SOt he P tie? F"‘é‘lﬁg@“é’g&%;f‘ g é%%‘%? od in the
4. Anot her distinctiaon frog1 . 4 is that
F. gfor@;@f the,peRastiG Fpgincqrep) €3t RE0-t Y %@89‘?@? éaf@rléa%hleér such as
ata agai nst angul ar positi oning raph of Fi

dep?aélis afh gustl %taaalttéga%&a%nﬁwt%d%S%a st 240 ggam given a
further below [0047] Wth added reference to Fi 1,

Fi gconsantigagi bt §ylieusngiee dat aumangari ghout 8440 remgitliselocation of
125 operating at about 2,400 rpmas indicated. Such an
eng@%ﬁl@hﬂfz gatwg@ll #f hglteat af the angmfwue%aﬁ@ranébhmlpcw@n o the piston
by definition. Thus, an exam nation of the chart of

Fi gdat®AS(his ta o gxpesBdHH omeveratbyoraditiss incsugh gt enay g telling.  For

data 560. In fact, the greatest
example, an abnormality in the camshaft data 551 may be indicative of misfiring

whereas an abnormality in rpm data 560 may be indicative of engine imbalance,
misalignment, abnormal torque reaction, or a weak foundation of the engine 125.

[0048] While the location of the acoustic data 551, 560, 580 reflects the expected
operating acoustics of a 12 cylinder engine 125 operating at 2,400 rpm, additional
acoustic information is presented in the graph of Fig. SA. Namely, engine rpm data
560 presents with a peak 565 that breaks into a smooth portion 562 and a smaller rough
portion 567 by comparison. Similarly, the piston data 580 includes a smooth portion
582 and a rough portion 587. Thus, it is apparent that a problem has arisen in the firing
or operating of at least one of the pistons of the engine. That is, rather than acoustic

leak data 400 apparent in Fig. 4, rough portions 567, 587 of data present in Fig. SA
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amount of power revealed for the frequency range
depicted in Fig. 5Ais revealed in the formof the

W@LewWes81368 engi ne rpm data 560. Ot her acousti c PIEE/EB2067/054995

reveal ed such as canshaft data 551 at about 20 Hz and
pi ston data 580 at about 240 Hz. Again, given a
conventional 12 cylinder engine 125 running at about
2,400 rpm the location of canshaft data 551 at half
that of the engine rpmdata 560 and the |ocation of

t hercRéadth®An AahaRltRBEondfiohGn BR B%REEE@bly HOYBMSHe of the pump 150.
abnormalities in such data may be telling. For

exapftRate BN hAPRRF, W dattiduldr td1&£RNE BRI La-dad Bih S SartEFig. 5A, it

be indicative of msfiring whereas an abnormality in

r pryat @y SHBABYaO el REIEAT I3V RicRhsiBN OV ae e NR&MANGE1ime shown.
m sal i gnment, abnormal torque reaction, or a weak

Foupgald, RNaPfptdiG HRHDE tihe R ink P4 |t B i

| o SHALRTyPinek G ERANE ihER, infeall glé’%%\,ky &gt e gpsrating pump

thewgéﬁﬁggggmﬁggﬁg g&g?gggﬂﬁfics of a 12 cylinder

engi n operating a O rpm additional acoustic

nf : o d. f Ei . N
Il\lgng{()?/?]t | Of), dRitfdh & %g%gougtgcgda%%] cgegg:rﬁet%gn \1/3“8;[ EKISQI 5%@, 55885add1t10na1

engi ne rpm a pea
that breaks into a.snooth porti 562 and. a.spal |l er . .
oule SEROF 06 BoRtig Mg PRl 55 e SRR CER bpign sueh

por £1 GRsarS “rhER O AE AyRRPLHEM AR G GsbEi L. 100

arisen in the firin r operating of at |east one of .
t hef“& Heotrd @P Iil[‘”h E“@ﬁ E’F ﬁégec'ﬁﬂaﬁloﬁ with peaks reryggping harmonics of
acoustic | eak data 4Q0 apparent in Fig. 4, rough )
por THiTGaB7ed Habo 0 dies S 6aEnEl HIR08 Hes e tiigats may
an unheal thy condition in the,pqu assenbly 100
out ¥eHeboraed Hufigierisis @ ponditiphagfehs en er Forygxpmple, a peak
particular reference to the z-axis of the chart of
Fi grepspenting ciglesyath Barmepise atrabpH a0 Habatgp sigpigpgntly higher than other
I ncreasi ng over the period of tine shown. Therefore,
an operhibharmelicigyle mpnpe tndicatiteepiepeblsar Bick af gibragos damper
of the operating punp assenbly 100 due to the problem
shofefure[rglg@g]to h posen afitmrrotang ¢renkshafust i ¢ dat a
depicted in Fig. 5A 551, 560, 580, additional data
r el HOPYe t BefehmgoomdiothipriBofagdimevitiragileverefc@centy Figel, a graph is
obt ai ned. For exanple, in such

shown similar to that of SA, but with reference now to pump acoustics (i.e. as opposed

to engine acoustics). For the embodiment shown and described below, the pump 150 is
a positive displacement pump 150 of a triplex configuration. The pump 150 includes a
crankshaft 155 rotating at a frequency of about 4 Hz where an initial peak is depicted.
In a circumstance of an unhealthy pump condition correlating to the timing of the
crankshaft rotation, the peak depicted at about 4 Hz may rise or present otherwise
abnormally. Such pump failures may include a valve leak, broken valve spring, loose
plunger, loose pump mount, or crank bearing failure.

[0051] Given that the pump 150 employs three plungers 290 as indicated above,

each reciprocating with every rotation of the crankshaft 155, the peak at about 12 Hz is
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an engi ne 125 as descri bed above, cylinder conbustion
peaks at about 60 Hz, 100 Hz, 140 Hz, and 180 Hz m ght
Whe008xps6t ed al ong with peaks representing harP@ORIB28070#54995

crankshaft speed at about 80 Hz, 120 Hz, 160 Hz, and

200 Hz. Such acoustic data nay again be analyzed to
determ ne a condition of the engine 125. For exanple,

a peak representing crankshaft harnonics at about 80

Hz that is significantly higher than other crankshaft

har g &pReAK FuRBYmBR:, h PeikGRhdt¥@attbod AMPDNEIEh fels 8$eduction
vi brati on danper failure relative to a position of the

r ot atibngr SAR0KgNRdttis pl0RBOb %@irﬁfgrﬂeﬂ%eﬁqmé trthsHiQion 380 and the
again with added reference ¥ 1, a graph is shown

Si néljaﬁfshatfp 1§18k Ofhe %bo@lllﬁen%ﬂokllnr th@gheﬁ&lﬁ A0 W0kt 94 Hmould be
acoustics (i.e. as opposed to engi ne acoustics)

the; arhadi g;ﬁg%b §R9‘éﬂcha£‘sdwﬂﬁ§ﬁ‘é traﬁqn@ muo hh llae r{@o,léorelated

is a posit I splacenent punp 1 r|p

For e gL o equenclyge%'? R %@%ﬁm@@ Ek%ﬁf% K Pty 108
pﬁa&etlhsa %a?{ﬂ: 1%% %gak atd outt %f ﬁum;t @ ¢ exﬁq{cte% whenalz&lﬂ%rmalities in

con on-corre
k h
::T; ;\ : Ispsezélltt @:b:etslélgfatl ? Id tata A‘ang%ﬁopt hen Ii)roﬁlmgﬁ Bvﬁt‘ﬁ rgﬁarmg teeth for

failures i ncl ude a valve | eak, broken val ve
spr{hﬁ& tg%ér@boﬁll”ﬂ ‘er, |oose punp nount, or crank

bea 0051]. G .ven t t he

i 115 rrﬁlﬁﬁ%f@il@gé an ewﬁw’@gw o SHTERE & quppp integrity
reC|procat|ng with every raot he crankshaft
155MORifRE I%W%Fe%w&ﬁ% fopm Qﬁz"af‘f aBe %ﬁa@ett%fds employed as a part
Fur t her nor e, peak i.s noted at about 24 Hz
r ef P@c@%mh%ﬁ%tthe thabls 1 aRrgiongs ndEraied aH20- t“}’FaQOtffdsabOVe the pump

provi ded by gearing between the transm ssion 140 and
t heass¢Bik Ihayf e qusstedrigr confactiipwiih mreiept s, cauipRiegfh including
peak at about 24 Hz would be indicative of problens ,
suchtherspupipt d3serphdies prafleidicemynicaam, therewise| Neeerthglgss, ay indicated,
related parts. Simlarly, where a bull gear of the '
desteipbad igfegirty myniter ragyulbqprerdoxsidtie decaghen (hg heddht ¢r intggrity that is
harnoni ¢ peak at about 432 Hz would be expected as
s hoparticulds o thaphinp agsembly.
[0053] Deciphering the health of the pump assembly may be achieved in part by
employing the pump integrity monitor to record timing information of the pump
assembly as indicated at 635 (e.g. perhaps with a proximity switch). With timing
information in mind, a vast amount of acoustic data may be sampled with a high speed
acquisition mechanism, perhaps at between about 100,000 and 300,000 samples per
second as indicated at 650. With properly located sensors to obtain such samples, a
fairly high resolution of the acoustics of the operating assembly may be obtained for

evaluation as indicated at 680. Additionally, the acoustic data may be sampled based

on the speed of the pump as noted at 660 such that an FFT conversion of such data may
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this peak woul d be indicative of degradation or other
problens with gearing teeth for the depicted

wepisassemt . [ 0052] Referring now to Fig. 6, aPCT/IB2007/054995
enbodi nent of enploying a punp integrity nonitor is
summari zed in the formof a flow chart. The nonitor is
enpl oyed as a part of a punp assenbly that is in
operation as indicated at 620. As noted above, the
punp assenbly may be operated in conjunction with a
hoske @htiRlyN&VoiRAUIRIBNEignitibmk YHlddagit BaciBURP the pump integrity
assenblies in fluid comuni cation therewth.
Nevgpting! ess, as indicated, the punp integrity nonitor
may be enpl oyed to deci pher the health or integrity
t hafOO'Séf’] PATHAotHnntst GesEiiRdPHTRn A3SGHP LY mehOP 53] monitoring pump
Decl phering the health of the punp assenbly nay be
ac hin?e ﬁ@ Yith B8l binteg] | YA i Qqnﬁlﬂ&p?‘lh‘p%i%g{ bisNes outside noise
nonitor 'to record ti g Information of the guwp
ass I I nei 3 | -
o oo aboREct RMGAbaL R 8 B8 ByerPChotPREr il Rgise gmanate
vas ust i - i th oo
g RiEbuts MERY Bhlrielh {1 SRR fynlh bt By monitor

about 100, 000 and .300,.000 .ganpl es .per second
naiten s (SR BB Py RaBS BIEERERE r pumes be
obtai n such les,..a fairly high resolution of_ th .
acott e GO REe B Rien ool S R L SOt Ty here is no
for eﬁﬁlu tion aslindicated at 680f Ad Ltional%%. t he dor 1
acoliSi'e PISE ARG, 1opds 4t Spfall PR 8l B yiHauEp B fhgrder to
punp as. noted at 660 such that an FFT conversi on of
suctfoudtc ?wwéoreﬂlei PRerajing Jorie 4t SAH RGBT giHTPe the pump
processing capacity of the punp integrity nponitor. .
[ OOBUERTIBBONICREAPE 2ted i FUch @dnaBsTaP @S forfipiiically Wetepisdprocessing
of nDnLtorin? punp integrity with a punp integrity )
nonfaPasityi By £limestier of gPversiguic WadneHtst 31ddE pliiriga time for
fromacoustics related to the g;np. In fact, even '
whetliagnogis rd Lihelihedthnefi B narnatews. tlicopreeticak pifgstifgngss of acoustic
fluidly coupled to the punp of interest, the punp
i nt éiggriosyjcsabai prerating pump assembly may be significantly improved.
[0055] Although exemplary embodiments describe particular techniques for
monitoring pump assemblies such as positive displacement pumps for fracturing
applications, additional embodiments are possible. For example, several pump
integrity monitors may be coupled to a central host or one another over a network for
analysis of operational conditions at a variety of pumps or even multiple operation
sites. Additionally, analysis techniques described above may be further and more
particularly tailored based on program configuration. In one example, spectrum
averaging bound to timing positions (i.e. stacking) may be employed to reduce noise
and improve resolution irrespective of steady or repeatable conditions. Cepstral

analysis may also be employed for multiple harmonics originating from a variety of

mechanical parts. Joint time-frequency analysis may even be employed to handle time-

-21 -



operated so as to distinguish outside noise w thout
requi ring that other punps be operated at

waawsosn3ss al |y di fferent speeds or constant raP@BIBR2007/054995
speed. Thus, there is no need to place undue | oads on
certain punps of a nmulti-punp operation in order to
acoustically nonitor the operating health of each
punp. Furthernore, the punp integrity nonitor is
operated in such a manner so as to dramatically
I NCYARRE PEQBRSS thBerft 2RARTE YpabtYr @bdoBhiat 11 Ntwef dinfehsional time-
conversion requirenments and to shorten tine for
di agipshs BhectMiRrdieaBhiesth-thlt pRHER claddii@tion fR8hnique is employed
practical effectiveness of acoustic diagnostics of an

Opey,fh b GmRiIR @MUY ionREnSQQI 1 cantly inproved.
[ 0055] Although exenpl ary enbodi nents descri be

oS\l ' f - i :
SocliSH Sout FRIBIY SRy A8 ERR L 2P pEYAPIOGRE SIRY ¥ e pu
2PPlnicaty A0%or AU FIRO) RS ificARE) Bl fiBldevices

exanple,” severa

ot 0 e e 7 ing T Re RSP Bl Ayt gvicns my

s TS s TR Raf P Balh b i RRERFIER BhesCl g vt
or ot HAICBAF ol Ao e B sk b lb S R RR i Hbloved
may B ol B8 bl 8RS ety BRcpPHARL IS FoRbP Tk b pumo

i rrespective of steady or repeatable condjtions. ) )
Cep®¥taesly %gwt%rsf#eécrﬁagf hered il BnpeayRRTBI el i Rugp integrity
harnoni cs qriginating froma variety of nechanical _.

par B8Nitoy gyiHy a MRy Pf XDIrRIeR yighAIey 4p Sniipige BYfSH Freognition for the
enpl oyed to handl e tinevarying frequency content

t hr Bogreipaehlans iksbogrhctaconstically dgrsctad dwing My operation. In fact, to
ti mef requency space wherein a Bayesi an-based pattern ,
cl agdiandecsael wrognéonninplieatioss aapbe yudtheti eyl tareveidivatms gperating
dat abase of vibration signatures. [0056] In addition

t o fremuencagsothet mpptonetsy waly fisauemet othetivisardfioeted efcant whealthy
punp integrity nonitor electronics enployed. In this

r egpunaly comtiten| eawrtdmwire,taly ethds-aienges emodifications, and substitutions

may be made without departing from the scope of the described embodiments.
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may be integrated into a single firmare frane,

re- progranmabl e virtual devices may be enpl oyed with

WO s Bml ity based on a particul ar frequencyPCHMBPEOTOIS4995
interest while still within a single frane, and

portabl e device inplenentati on may be enpl oyed. [0057]
Further additional features may be provided for

enpl oying the punp integrity nonitor described herein
such as pre-programm ng of the punp integrity nonitor

w thraimmMeriety of vibration signatures to enhance

pattern recognition for the types of problens |ikely

to he @gaustically detected during punp operation. In
fact, to enhance such recognition, applications my be
funjthaty hf%ﬁl@dtoﬁm@fﬁ%rﬁil ri‘lﬁ&éfft?bf @ﬁﬁﬁﬂsb&lﬂzl{gﬁf@tﬁ@tﬂ&d &nprising:
that may overlap with Erequen0|es ot herwi'se reflective

bf an unipertingthe pump azsembliyt i on. Furt hernore, many

pt her Chﬁé&&‘lﬁ%gpa iiﬁfoﬁﬂ%doﬁ'i‘éatﬁ%@gsa%&go%gejftﬁlgti ons may be

made wi t hout Ing fromthe scop he descri bed
£nmbodi meamplig KomMBicWataOvah mhigh spaedretquodioo fmesbanignoof thg pump
gnt§§%£&é-%f a punp assenbly, the nethod conpri sing:

operati ng ﬂe punp assenbly; recording timng

6 nf or matdvelnatirg tht acvesticalatan tglopéthatinrige infammidnng

§coustic data with a high speed acquisition nmechani sm

of the punp assenbly; and eval uating the acoustic data

¢ n 2ightThef méthed bf oiking 11 wicadimadid Gamplzhg ddeersretahad «@fmore than

laim 1 ein said sanpl.i occurs at a rate of nore

haﬂ“ﬂbgﬁﬁﬁé@ﬁ@@ﬁﬁﬁgﬁﬁﬁgg@cg%apﬂgegﬁgustic data per
1@econd. 3. The nmethod of claim2 wherein the high
speed acqui sition mechanismis a high speed

Theqti si tTsrimaledref cime Wi thechegy SpPsd HEH? Eigh meghanis ig a high
17 eCQelll RGuisiidh GosdM?lal flehpaiRfes@ HoBA ki ahiMebording, said sampling
13 and said evaluating.

14

15 4 The method of claim 1 wherein said evaluating further comprises distinguishing
16  acoustic data that represents a healthy pump assembly condition from acoustic data that
17  represents an unhealthy pump assembly condition.

18

19 5. The method of claim 4 wherein the unhealthy condition is a condition of one of
20  pump mounts, a plunger, crankshaft bearings, a transmission, a pump valve seal, valve
21  spring, crossheads, pony rods, and piston operation of the pump assembly.

22

23 6. The method of claim 4 wherein said distinguishing is achieved with reference to
24 avibration signature pre-programmed into a processor of the pump integrity monitor.
25

26 7. The method of claim 1 wherein said recording further comprises monitoring a
27  position of a moving part of the pump assembly.

28

29 8. The method of claim 7 wherein said monitoring is achieved with a speed sensor
30  coupled to a driveline mechanism of the pump assembly.

31
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4. The method of claim 1l wherein said eval uating
further conprises distinguishing acoustic data that
WO pBe8Be s a heal thy punp assenbly conditi on PEDB2007/054995
acoustic data that represents an unheal thy punp
assenbly condition. 5. The nethod of claim4 wherein
the unheal thy condition is a condition of one of punp
nmounts, a plunger, crankshaft bearings, a
transm ssion, a punp val ve seal, valve spring,

3T ogshearls, maAGY of Q6ien 13NErdM $4i@RPORGIALT @ pAmptR@&mbly is at a
3§unp assenbly. 6. The nethod of cFa|n14 wherein said

i seiveiipieech pHe sanplige REQEE AR fHe PaspEpibtie 8vep spged.
3yibration signature pre-programed into a processor of
the punp integrity nmonitor. 7. The method of claim1l
35/\/heif£i n A glethod € peditargefiniegrive f cRmr sssweblyrihi meshodgpmprising:
ositio : ' of the punp assenbly. 8. The
3ﬁethod 2¥Q%Tg§ﬁ?¥h&ggggﬁkwéaid nonitoring is achieved
3%i th a spendrisgnsieed cloupl @dratiog:a dri vel i ne mechani sm

3§f t he RY li%é?‘c%palcyda% frJIH%hJ@&n%?SSQ&bI?'a?iaq]clt% .bmﬁro%i e speed;
sai d operati 0 he punp assenbly is’at a given
3%pead, said sanpling occurring at a rate based on the

iven speed. .10. A neth f nitoring inteqrity of a
B 2o SR pr 2o Blin g8l dor BRMAREE SotPlif By Yo dlorBonts o
4 punixaéibs purtyd yssemin icomalitiongran sqasaid data tbairehreypas ab iuftgalthy pump
4$a qug aco%stic data fromthe punp assenbly at a

at B PRLEEOU NP he speed: and eval uating the acoustic
4xglata for distinguishing acoustic data that represents

heal t hy pu ssenbly condition from acqustjc data
Fhallre pf@é"é%&da e af Ry ﬂtﬁfﬁlhs@@% r?BPfi))“‘?Poﬁ i fon of one
43 1. ofTRngTBIonRE DpluGsdR] &hﬂ@héﬂ"ﬁéa@ihgs, tah@anRReBh,t dPump valve seal,
condition is a condition of one of punp npunts, a
40| UKD SPriBE. £HIETTAds: PPREGGS GE PisEontopaREeH AfdhopHMRASERRDY -

gyal ve seal

43  12. The method of claim 10 wherein said pump assembly includes a crankshaft for
49  rotation during said operating, said sampling occurring at a rate of between about 50
50  and about 5,000 samples of the acoustic data per rotation.

51

52 13. The method of claim 10 wherein said monitoring further comprises tracking a
53 position of a moving part of the pump assembly.

54

55 14, The method of claim 13 wherein the pump assembly is a positive displacement
56  pump assembly and the moving part is a plunger, said monitoring achieved with an
57  index sensor coupled to a plunger housing of the pump assembly, the plunger housing
58  to accommodate the plunger, the plunger having a collar detectable by the index sensor.
59

60 15.  The method of claim 10 wherein said evaluating occurs without performing a
61  discrete Fourier Transform conversion.

62

63 16.  The method of claim 10 wherein said evaluating further comprises analyzing
64  acoustic data in frequencies between about 100 Hz and about 600 KHz.

65
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val ve spring, crossheads, ponyrods, and piston
operation of the punp assenbly. 12. The net hod of
W@ L@BM81B68 wher ei n sai d punp assenbly incl udes BCT/IB2007/054995
crankshaft for rotation during said operating, said
sanpling occurring at a rate of between about 50 and
about 5,000 sanples of the acoustic data per rotation.
13. The method of claim 10 wherein said nonitoring
further conprises tracking a position of a noving part
6®f 1he prinaseIRlam 18 dherthQaiaRl Nesingfoc&lr@dsthd eed varies.
wherein the punp assenbly is a positive displacenent
6punp assenbly and the noving part is a plunger, said
6§ONI§ Or i1 RGN Rt § B naRinl tﬂéjﬁg(tin%ﬁﬁﬁiﬁ;l% isGRHBl &dviftOreRrence to
glunger housi ng of the punp assenbly, the plunger ,
6housivilyatios agesnduded nttha pPemtpsrof a pemplinfegidy maNtphépr said
col.lar: : he. sensor. 15. The
7ﬁetﬁ%gﬁng§%§$%?§% eﬁ%?%vggﬁﬁéévaluating occurs
7 t hout performing a discrete Fourier Transform
75 0NYEr ST-RL. g‘tﬁ %IP Sailf tlb‘%e?efin ﬁleadimn%%s ELF M %@t q‘e resents a
eval uati ng PUrher conpri'ses anal yzi fig acousti ¢ datd
73 n heabbupunop aseridy veeliticabodided G0ogtzimgubigestd 0@Ale speed.
Hz.17. The method of claim 10 wherein said eval uating
occurs as the speed varies. 18. The nethod of claim10
75whez®i n Theemethat ohgaibs h Rfjercih @thiaepidg wedubs dtef arcesfoore than

0 Vi tion Si ure |.oaded into a processor of a
7otk agob S et sepuyeBE fetaBieor T, aa d
7sanpling and said evaluating. 19. The nethod of claim

0 wherejn the distinguishing of data that represents
7% _hi@ t hveﬁﬁﬁlboda%@i%ﬂ?) VEWSHAT 13O FmMNEE (RESPIRSHS GRS gf fhgpnstant
7901 Sgnphias Btk A VRARaISPeRHlingPate. The met hod of cl ai m 10
wherein said sanpling occurs at a rate of nore than

8&4bout 100, 000 sanpl es of the acoustic data per second.
«PL oThe AiBpdahinchahi: Lomghsiei n sai d sanpling takes

slace at one of a constant sanpling rate and a
8¥ari abl e egppiatng rat e.

83 a speed sensor coupled to said processor for monitoring a speed of an operating
84  pump assembly; and

85 a data sensor coupled to said processor for sampling harmonic data from the
86  pump assembly at a rate based upon the speed.

87

38  23. The pump integrity monitor of claim 22 wherein said speed sensor is one of an
89  index sensor and a proximity switch for tracking a position of a moving part of the

90  pump assembly.

91

92 24, A pump assembly comprising:

93 a pump;

94 a pump integrity monitor having a speed sensor coupled to said pump for

95  monitoring a speed thereof during operation thereof; and

96 an acoustic sensor coupled to said pump integrity monitor for sampling acoustic
97  data at a rate based upon the speed.

98

99 25. A multi-pump assembly comprising:
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22. A punp integrity nonitor conprising: a processor;
a speed sensor coupled to said processor for
wWOorRmwsoemsshg a speed of an operating punp assenPCT/B280Td54995

a data sensor coupled to said processor for sanpling
harnoni ¢ data fromthe punp assenbly at a rate based

upon the speed. 23. The punp integrity nonitor of
claim 22 wherein said speed sensor is one of an index
sensor and a proximty switch for tracking a position

100f a movd Mgt RAKH as@imB BavH IR RS ¥ gritgdnonfto PR a speed sensor

assenbly conprising: a punp; %Fgu integrity nonitor
IOhaV?q\]@le.g tgﬁ@@@p% §&e dirg SUPP S . lystor glOBmFBlgfaoqpeed thereof and an
105N doBEtcRGnsBr HPERITMPEERRc B dtAFOBREALH AR shdgr eof ;

and an acoustic sensor coupled to said punp |ntegr|t¥
10%pni t or & weonslampin asepnEdn havtinga shaerd RrMpInfogtiey ey with a speed

p o . - . .
O R BREE « oy L el TR, BRGRTEK monitorjng agpecd thereof
10 ungndi antapgpsii¢ yenpayrdpitsempluig droustis detedt setrsduscdi@ithewapd; end
0 a pu Lo .first ] . . i [
100 ot ey Rspngikld ByRE R ABRERS bbb TR ARl Lkbly and
10ac osnsd secomdigiuanpadsseanbtyat e based on the speed; 103 a
second punp assenbly having a second punp integrity
monitor with a speed 104 sensor coupled to a punp of
said second punp assenbly for nonitoring a speed
t hereof 105 and an acoustic sensor for sanpling
acoustic data at a rate based on the speed; and 106 a
common manifold in fluid conmunication with said first
punp assenbly and 107 said second punp assenbly.
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