PUMP INTEGRITY MONITORING BACKGROUND [00011Embodiments
described relate to the monitoring of pumps in use. In particular,
embagungnisof oilfield pumps and techniques for their monitogiRg Withfux 995
pump integrity monitor are described. BACKGROUND OF THE RELATED
ART 100021Large oilfield operations generally involve any of a variety of
positive displacement or centrifugal pumps. Such pumps may be
employed in applications for accessing underground hydrocarbon
reservoirs. For example, positive displacement pumps are often employed
in large scale high pressure application.s directed at a borehole leading to
a hydrocarbon reservoir. Such applications may include cementing, coiled
tubing, water jet cuttir?gygﬁ?yé%lﬁ%@ﬁimﬁ{qmwmﬁgﬁck.
10003]A positive displacement pump such as those described above may
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applications. Indeed, where fluid pressure exceeding a few thousand
poundsper sepszite imchi¢{PS¢)dstoilsd. generated, a positive displacement
pump is generally employed. Hydraulic fracturing of underground rock, for
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accessing underground hydrocarbon reservoirs. For example, positive displacement
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pumps arc oftcn employed in farge scale high pressure applications directed at a
borehole feading to a hydrocarbon reservoir. Such applications may include cementing,
coiled tubing, water jet cutting, or hydraulic fracturing of underground rock.

{6003] 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 plinger is
driven by the crankshaft toward and away from a chamber in the pump to dramatically
effect a high or low pressure thercat. This makes it a good choice for high pressure
applications. indeed, where fluid pressure exceeding 2 few thousand pounds per square
inch (PSI) 1s to be generated, a positive displacement pump is generally employed.
Hydraulic fracturing of underground rock, for example, ofien takes place at pressures of
10,000 to 20,000 PSI or more to dircct an abrasive containing fluid through a borehole
such as that noted above to release oil and gas from rock pores for extraction.

16004] 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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pump, or some other form of pump for large scale or ongoing operations,
regular pump monitoring and maintenance may be sought to help ensure
wptimesandsscrease efficiency of operations. That is, like any ehesgesm osso0s
of industrial equipment a pump is susceptible to natural wear that could
affect uptime or efficiency. This may be of considerable significance in the
case of pumps for large scale oilfield ope ons as they may be employed at
a production site on a near round the clock basis. For example, in the
case of hxdraulic fr%ctur.ingla §)Iications, a pasitive displacement pump

|

A'prodiction Site Mntt ifiténtled 18 dpethie Kty moreee

may be errlf'ﬁf(i)nffre&lh a produc
twelvecmﬁ)a[ﬁt§/q{i%§¥1g%)zmoIﬁlﬁhgnlﬁél\é%ﬁbifggioz%é%\é\ée:%qu;Qlucr(rﬁg ment a pump is
components during operation may present in a variety of forms. =
examplgsciatesnalyahe-geals:ofipnp mRYDeMeNe tafdilMES, This may be of
especially where abrasive :fluids are directed through the pump during an
applicationdthile puympeeompotientsandydevelop:der gl opifiatiompsuthns as they
as plunger wear, loosening engine mounts, deteriorating crankshaft

bearin§&y drd talEAdi a5 ion Bheaka cih h Strds fors e diippiig Cugetymple, in
or broken gear teeth. Thus, as indicated above, regular ump monitoring
and maihtenance of pump REaiR ikl & SR i PSRAINE pab BFBRgGIRY Y may be
pump operatians. 1000 HSPYES Wit WEATING BHMR.COMPORENLRISUGAS per day
those indicated above may be accompanied by certain vibrations
particuartoth@dypevefivear taking place. Therefore, it is not uncommon

to monitor the health of a pump during operation by taking into account

such alé80stic oMdiaratiopninformmation: ol exampletianpositiveesent in a varicty of
displacement pump may be evaluated during operation by employing an
acoustit'E&nd6r eHpIkd EtHa! patriscrie Grevstcsahsarmaycdeike, especially
conven '}qr_laélﬂ;si_pqnic Eﬁargﬁmjttgr u§§(§iﬂtq drtelct hi%h-f eqéJe,ncy vibrations
particular to & [6aK of incomplate Seal WithintRE UhatBe A of e ssues with
displagament R RnSHARHIEAKDEING R GDPARI R SEUTSOLIRPY MR, 1oosening
failure. By employing an acoustic sensor inthis manner, the costly and
somewhahtnialiahldadiemative.ef reguladytioe ghinteuRian 05 RMIMVn in such
operation for manual seal inspection and replacement may be avoided.
SimilaFaee ustic monigatinghof thelsealthr ofcthe Pumpsmalychederhployeddarpump
the detection of other types of potential pump component wearing as well.

monrtormg and maintenance of pump health may be an important part of ongeing pump
operations.

[00¢6] Issucs with wearing pump components such as thosce indicated above may
be accompanied by certain vibrations particular to the type of wear iaking 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,



[00071The above described technique of monitoring the health of the

pump via detection of acoustic information during pump operation faces
severakpractical challenges in implementation. For example, puAR2067/054995
operations often employ several pumps and associated equipment
simultaneously at a production site. In fact, in a multi-pump operation

several pumps may be in fluid communication with one another through a
common manifold. Therefore, even the detection of a given unhealthy

pump condition may not be indicative of the particular pump having the
unhealthfy CORAH O TEIOB1 GRS A istFgrAsRet i Sipee igferruption of pump
unheallfly, aeousic, data In.2multi:pump operation as described above, . ousiic
each pump of the multi-pump Operation mgy e opera ed &t & distiRct

RPM. Thatis:aghpumpofaqm %Iﬁhw op %ﬁﬁ%m@yﬁ'ﬁ@%ﬁlﬁ A BSother types

own unique RPM with its own acoustically detectable timing. In this

manner{ peeotirknees ofvinhealthy:dcgustieldata may be correlated to a
particular pump operating at a given RPM. However, as a practical matter,
operatif§®dIhost't differeAtspubsps absivarietyroh REM s foharitbperatommp via
may be near impossible to implement as indicated below. 100091The vast
majority 6F ilfietd BEiHPY ald BRRTabIS TS Spardte s tihetiFianiperdf practical
speed king the abo nanner.of operation potentially very difficultto
e ol B i B oy B i sevrs
given opefation RsRek-aveniliRGhisYANIS, JARIPPLTAINGHOLRUMRS alR fact, in a
variety of RPM's for an operation leads to uneven stress on the pumps

with significantly greates: leadsiapptiediaydes taif pumpsodsatesuliiitbesenother
is a greater likelihood of pump failure during the operation. Furthermore,
regardIBLSEF Hse RPN Basighe dis o ticalah pdemyiohe inuipumpealthy pump
operation, natural inconsistencies in_behayvior of pump components may
requird YSHACoMEEHEh oVt S herid GBSty ik Hrors 4 hfigsRadition.
oo ARE Sl WA R PR, IS RLeY? RGNS R AL ISRINY ot pumy
conditions and increases computationa compfeX| y of such moni oring,

thus reguiing SIgNfGAMIRIREE SING GAPAF ML ERIDLRAY o JdMIRin way be operated
addressing pump health over the long haul remains primarily addressed
throughl redistacniaidial Thteiventibrponaod st mpenitpripg iachmigquesdfte at its
limited diagnostic effectiveness. SUMMARY [009a]in one aspect of the
inventioh? thekess [prdbiced dimettodshinenitodprigTabigritpista punipis manner,
assembly, the method con*prising: _ operating the pump assembl

wherelfs e BEThp hELBRABRY i€ HE8itNA dIBBYaBE Rt B P adsBRfylar 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.

16099 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



recc_)r_ding timing information relative to said operating by monitoring a
posmo_n of a reciprocating part of the assembly; sampling acoustic
data WI'Fh a high speed acquisition mechanism of the pump assembly; and
evaluating the acoustic data. based upon the timing information. [009b]In
0 e%tf&FO'ﬂﬁr?x%PﬁﬁP&ﬁégﬁdméeeﬁ% ﬁhmagsgam@e@@tmﬁhp@@ ofomitdringmp
e b s S A, SEETR U6 PR
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deizgsf%s gfic 515 qu pﬁ?ﬁ!&'&ﬁ%g'§B;'1%ﬁ?d%l§Qﬁ@qmﬁﬁ%%hbﬁ@ﬂ&iﬂnezwmgypaﬂ such

a pifﬁnger said monitoring achieved with an index sensor co%) loa
s, o GSSEHU
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e spee dev uatlng the acoustic data for

SUdlstm_gwshlng acoustic data that represents a healthy pump assembly
fon from acoustic data that represents an unhealthy pump

[eoéslsem'ﬂy Q%E‘:‘&%f the invention, there is provided a method of monitoring integrity of

a pump assembly, the method comprising:

operating the pump assembly, wherein the pump assembly is a positive
displacement pump assembly

recording timing information relative to said operating by monitoring a position of a
reciprocating part of the assembly;

sampling acoustic data with a high speed acquisition mechanism of the pump
assembly; and

evaluating the acoustic data based upon the timing information.
[000h] In a second aspect of the invention, there is provided a method of monitoring
integrity of a pump assembly, the method comprising:

operating the pump assembly;

monitoring a speed of said operating and tracking a position of a moving part of the
pump assembly, wherein the pump assembly is a positive displacement pump assembly and the
moving part is a plunger, said monitoring achieved with an index sensor coupled to a plunger
housing of the pump assembly, the plunger housing to accommodate the plunger, the plunger
having a collar detectable by this index sensor;

sampling acoustic data from the pump assembly at a rate based on the speed; and

evaluating the acoustic data for distinguishing acoustic data that represents a healthy
pump assembly condition from acoustic data that represents an unhealthy pump
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[0099]In a third aspect of the invention, there is provided a pump integrity

monitor comprising: a processor; a speed sensor coupled to said

processor for monitoring a speed of an operating pump assembly, wherein

the s_peed sensor is one of an index sensor and a proximity switch for

tracking a position of a moving part of the pump assembly; a first data
asseagngonciupled to said processor for sampling harmonic data from the

pump assembly at a rate based upon the speed, wherein said first data
[00%dnsofistoiiardrapeaic6hidhe E858EP LTI ‘édi&iﬂ}é’% ePabifgFolSp" I%dmmml

pressure transducer coupled to a fluid line for receiving fluid pumped b
CoOmpiE Bperating pump; and ’ PETPEEY

a processor;

a speed sensor coupled to said processor for monitoring a speed of an operating
pump assembly, wherein the speed sensor is one of an index sensor and a proximity switch for
tracking a position of a moving part of the pump assembly;

a first data sensor coupled to said processor for sampling harmonic data from the
pump assembly at a rate based upon the speed, wherein said first data sensor is one of an
wmuﬁmsmwormmpkdtoﬁw($emﬁﬂgpumpaadapﬁmmweﬁmwdmmrumphdtoaﬂuwiﬁe
%rm%hﬁgﬂﬁdpmmmdbyﬁeomﬂmmgpmmxmm

a second data sensor that is one of the acoustic sensor and the pressure transducer,
harmonic data from each of the first and second data sensor to be simultaneously analyzed and
correlated.

[0609d] In a fourth aspect of the invention, there is provided a pump assembly comprising:

a pump;

an engine for driving operation of said pump;

a transmission coupled to said pump and said engine for directing the driving; and

a platform securing said engine, said transmission, said pump and said pump
integrity monitoring thereto;

a pump integrity monjtor having a speed sensor coupled to said pump for
monitoring a speed thereof during operation thereof; and

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

[009¢] In a further aspect of the invention, there is provided a multi-pump assembly
comprising:

aﬁmﬁnmmaﬁanMymwmgaﬁmqmmpmwgﬁymeerM1waﬂsamx
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a second data sensor that is one of the acoustic sensor and the pressure
transdgcer, harmonic data from each of the first and second data sensor
to be simultaneously analyzed and correlated. [009d]In a fourth aspect of
the yvention here is provided a pump assembly comprising: a pump; an
engine for driving operation of said pump; a transmission coupled to said
pump anehBaicenging i didebtinguhe dwvirgy dricreephatiorn seedribigeor and
said gngine, said transmission, said pump and said pump integrity

an avowitormgetHerety IR PURIRGHR TAGHRGH AR ARES speed sensor

coupled to said pump for ‘ . . . iy
a second pump assembly having a second pump integrity monitor with a speed

sensor coupled to a pump of said second pump assembly for monitoring a speed thereof and an
acoustic sensor for sampling acoustic data at a rate based on the speed; and

a common manifold in fluid communication with said first pump assembly and said
second pump assembly, wherein the first pump integrity monitor is configured to decipher
acoustic data of said first pump assembly and second pump integrity monitor is configured to
decipher acoustic data of said second pump assembly.
[0010] An embodiment of monitoring a pump assembly is disclosed wherein the pump
assembly is operated and timing information relative thereto is recorded. Sampling of
acoustic data then occurs with a high speed acquisition mechanism followed by an evaluation
of the acoustic data in light of the timing 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.

[06012] 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. l ina multi-pump operation.

[G014] 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. SA is a graph depicting data obtained from employing an embodiment

of the pump integrity monitor and pump assembly of Fig. 1.
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monitoring a speed thereof during operation thereof; and an acoustic

sensor coupled to a said pump integrity monitor for sampling acoustic data
ava rate/based upon the speed. [009¢e]In a further aspect of thedmugpsiomsioos
there is provided a multi-pump assembly comprising: a first pump

assembly having a first pump integrity monitor with speed sensor - 4a -
coupled to a pump of said first pump assembly for monitoring a speed

thereof and an acoustic sensor for sampling acoustic data at a rate on the
speed; 0016 econd pump as?elzpblgthavm éj @ump integrity

a
monitof Wit a speed’sensor oUpletto én%ufiﬁpdo sf%ﬁ SHd Pl e another

assembly,fof, MENIRHng. & SReesiersol ﬁ@%@ﬂ%ﬂ’rﬂ&&%?% 1.

sampling acoustic data at a rate based on the speed; and
16017} Fig. 6 1s a flow-chart summarizing an embodiment of employing the pump

mntegrity monitor and pump assembly of Fig. 1.

DETAILED DESCRIPTION

[6018] Embodiments are described with reference to certain positive displacement
pump assemblies for fracturing operations. However, other types of pumps may be
employed for a variety of operations. Regardless, embodiments described herein
include a pump assembly 100 that incorporates a pump infegrity monitor 101 having
particular capabilities. For example, the pump integrity monitor 101 may employ
particularly located sensors in conjunction with a high speed data acquisition board that
takes up acoustic data from the pump assembly 100 a rate algorithmically adjusted to
minimize the effect of noise from neighboring equipment, including noise from
cquipment 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 130 and
thus, plot data in line with positioning characteristics of the pump 150 with less
computational complexity.

10619} 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



a common manifold in .fluid communication with said first pump assembly
and said second pump assembly, wherein the first pump integrity monitor
isveonfigused¢o decipher acoustic data of said first pump assembiigsid-/os1995
second pump integrity monitor is configured to decipher acoustic data of

said second pump assembly. [0010]JAn embodiment of monitoring a pump
assembly is disclosed wherein the pump assembly is operated and timing
information relative thereto is recorded. Sampling of acoustic data then
occurs with a hlgh s eed acgwsmon mechanism followed by an evaluation

of the ABEUSHE data 1 Iight SFthe Rithitig THFS¥n St kbl ﬁ@éﬁf AuBUstEay be

data m t i &h3RE! Luftocm ;aﬁtm LRRMRed nerein
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side pauaally SeqtlﬁrlﬁJo\&kﬁW@flﬁcﬁqmﬂ@ﬁ@mmw ﬁf@ﬁ@l@ﬁ(ﬂ(ﬁlﬂ @Nariety of equipment
embodiment of a pump integrity monitor. [0012]Fig. 2 is a cross-sectiona

view ofsatlpartiontof:theopump assemtiihye of Figutal[06@%8Heigun8 iSeaerioration during
perspective partially sectional view of an embodiment of employing the
pump &Bs@fity Bt b iamutigstnipiopeianen: jB0xXeRguislAcarta fluid

y employing an embodiment of the
deplCtlH&lggéalgptlaf:nuedgc a HE;P X pgcca\uumd for distribution to a fluid pipe 165 and

ultimately to 2 common fluid line 175 as described further herein. The pressurization
of the fluid within the fluid housing 157 is created by plungers as directed by a rotating
crankshaft 155 of the pump 150. With the fracturing pump 150 of the embodiment
shown, pressurization of up to about 20,000 PSI may be achieved in this manner.
Alternatively, other degrees of pressurization may be achicved for other applications.
For example, where the pump 150 is to be employed in a cementing application, up to
about 5,000 PSI may be generated as indicated. Additionally, embodiments of the
pump 150 may be employed for coiled tubing or water jet cutting applications.

[6021] The crankshaft 155 is driven by a driveline mechanism 180, itseif, driven by
an engine 125 as directed through a transmission 140. The engine 125 may be a 200
Hp to 5,000 Hp primc mover. Tn the cmbodiment shown, all of this cquipment 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.

10022} 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



pump integrity monitor and pump assembly of Fig. 1. [0015]Fig. 5A is a

graph depicting data obtained from employing an embodiment of the
punpéntegsity monitor and pump assembly of Fig. I. WO PCT/EB2007/654995
2008/081368PCT/1B2007/054995 100161Fig. 5B is a graph depicting

data obtained from employing another embodiment of the pump integrity
monitor and the pump assembly of Fig. I. 100171Fig. 6 is a flow-chart
summarizing an embodiment of employing the pump integrity monitor and
pump as embly of Fi ETAILED DESCRIPTION

TTEa:1 coutz"olig bgj}k Qm' sam{lazlmg and analyzing a host of acoustic and other
information.  The pump integrity monitor 101 may also include a varicty of sensors
120, 110, 179, 225 for obtaining such information during operation of the pump
assembly 100 (see also Fig. 2). In particular, as shown in Fig. 1, the information may
relate to harmonics of the pump assembly 100 in operation as detected by an acoustic
sensor 110 or a pressure transducer 179, Additionally, as detailed further below,
operational timing information such as the position of a driveline or crankshaft may be
detected by a proximity switch 120 or an index sensor 2235, respectively.

[0923] Similar to the embodiment described above, an index sensor may be coupled
to a flywheel housing to obtain engine timing information, The engine timing sensor
may be employ a magnetic pickup that senses position of a location on a rotating part
coupled to the engine 125 such as its fiywheel. In this sense, the information is
obtained similar to information obtained by the index sensor 225 as described further
below. This information may be analyzed by the pump integrity monitor 101 in
conjunction with acoustic data obtained from an acoustic sensor coupled to the engine
125 or transmission 140 for establishing a condition thereof as deseribed below. In an
embodiment where the pump 150 is clectrically driven, the sensors deseribed here may
be modified and located to acquire data regarding clectrical current input.

10024} 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
inchude 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



100181Embodiments are described with reference to certain positive
displacement pump assemblies for fracturing operations. However, other
typsegaf/puaips may be employed for a variety of operations. Regateiass)s1995
embodiments described herein include a pump assembly 100 that

incorporates a pump integrity monitor 101 having particular capabilities.

For example, the pump integrity monitor 101 may employ particularly

located sensors in conjunction with a high speed data acquisition board

that takes up acoustic dafa from.the pump assembly 100 a rate o

g T B G s i S IS ruh R gl 100
equipraent.incluginginoise; fign.eauipmentand tﬂym)tl?% %f%’a;ﬂb’fﬂ in nature,
coupling with the pump assembly 100. Furthermore, the pump integrity
monitond® temay acquirey daiq bt adowernanduriiaimdsampling nateRasedessue
on operating speed of equipment of the pump assembly 100, thereby
drasticély ihelsssihacproicedsing degsabity bimein partioulaxexamplejrtdelata may be
pump integrity monitor 101 may acquire acoustic data based on the speed

of a pul 18b AHERELPIRSEAEYARE WiH b BSRIcAIN EAardcrsaieklppatter
shown-gquirped withaRuUMRMeanhy menitand 0. Indhe.embodiment required
shown, the pump assembly 100 includes a pump 150 The pump 150
shownligtahppsitipelcisplacement pump thatdnay bepdfadeipiRXes described further
configuration and for use in a fracturing operation. However,other types of
pumpcigiuding centrifugal pumps, may be employed for a variety of
applications according.to embodiments described herein. [0020]The

above!{&stribed PURNP s SEMBR 150 iclidted 4'Vafiety Braylipthantaaicaly
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a fluidis, while a host of harmonic or vibration data is provided by an operating pump
assembly 100, certain data may be indicative of a variety of unhealthy conditions.
Acoustic profiles of common unhealthy conditions may be pre-loaded on a processor of
the pump integrity monitor 101 to allow analysis. With respect to the embodiments
described heremn, these unhealthy conditions may include plunger wear, loosening
cngine mounts, piston issucs, deteriorating crankshaft bearings, and fransmission
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, Tn

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



housing 157 in which a fluid is pressurized for distribution to a fluid pipe

165 and ultimately to a. common fluid line 175 as described further herein.
e pregsureaation of the fluid within the fluid housing 157 is craatad oy /054995
plungers as directed by a rotating crankshaft 155 of the pump 150. With

the fracturing pump 150 of the embodiment shown, pressurization of up to
about 20,000 PSI may be achieved in this manner. Alternatively, other
degrees of pressurization may be achieved for other applications For

examp&a [ber?s tp un< b]é’ég Is l:l%aba P(&Oty %q:llgn(?oglegq gn the t% Ipssure within the

appllcatlon upto may egenera as’indica

Addltlo;malmem@@dm%t%@f ARCRKPRAAMAY HE SRIQYSTITRE CRIEH: (o errect
tubing or water jet cutting applications. [0021 The crankshaft 155 is driven

by a devehnemethanisnr 80 itself) drivier iy anengingul2 mas dieetedhin the
through a transmission 140. The engine 125 may be a 200 Hp to 5,000 Hp
prime Ai8Verhe Embbdimearshdvircsaliof thisrediipmentlis discharge valve 250 as
accommodated at the same platform 130 for placement and use at a

produdifoii &, Wi tEel fPactHifgSite BOTENEHRIT I FIGh 3 THEY© spring
D'atfor%gcﬁqc a{i &Y tpce & %Sil,ld fovra I’O@Rg fg dalrgiit&%h a t e ung’lquyf%%@gje%pﬁa%&sme i§

aft convention traller OI’ ormo elvery ec anism

added saferemce &@d:tgm%ba” @fsthejabaven@lﬁ%@ﬁﬂm%pm@%%dlao is to be
components thereof, are subject to natural wea.r during operation as

indicatedplTherefaréatheipuopp-integsitysmenitay 10 Lhdsipravidad atdher described
platform 130. In the embodiment shown, the pump integrity monitor 101
may iSRG SV Sl CcHE Ut A FHRST may be achieved in the manner described here.

180277 The plunger 290 may also effect a low pressure on the chamber 235, That
13, as the plunger 290 retreats away from its advanced discharge position ncar the
chamber 235, the pressure therein will decrease. As the pressure within the chamber
235 decreases, the discharge valve 250 will close returning the chamber 235 to a sealed
state. As the plunger 290 continues to move away from the chamber 235 the pressure
therein 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
deseribed above, the pressure decrease will eventually be cnough 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 unti] 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
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within a control box for sampling and analyzing a. host of acoustic and

other information. The pump integrity monitor 101 may also include a
vaitieyohsansors 120, 110, 179, 225 for obtaining such informatiom ghaingoss
operation of the pump assembly 100 (see also Fig. 2). In particular, as

show Fig. 1, the information may relate to harmonics of the pump

assembly 100 in operation as detected by an acoustic sensor 110 or a
pressure transducer 179. Additionally, as detailed further below,

operational timing informatiopn such s.)thgteA osition of a driveline or
cranksééa%ﬁ%gﬁ? %edglé%e%lend Eh)c/ a ﬁ%ﬁ?m y%&%f?:‘l‘lrghb SFRAHEe eRMor 40 and
225, regngitehy I0RaIRIila5 1 the.embodiment desaribed abOYS. 8N uid
index sensor may be coupled to a flywheel housing to obtain engine

timing infermation.llhecengine4iMing SENsofMay:he SMRIOY:RUNAGRNShe pump
pickup that senses position of a location on a rotating part coupled to the
engine!123ssiwtrdsdtsflywderttdiothid serstthe forirationis dbiaiheihe o its
similar to information obtained by the index sensor 225 as described

further BIGWY FRRCTHSFmEGBASHED DEisHyYas by tehiupcihntagehgmber 235 is
monitO{Oclrd%din&ﬁonjuncti&@a\{\éi&h coustic data obtaineéj]rgom an acoustic

sensor coupled 16 the engine 125 of transmission 140 foFe8bigHify dicrete for

conditign. thereeh as desauked.hglow. In an embodiment where the pump
150 is electrically driven, the sensors described here may be modified and

located®@#icquire datalregasdingvelectsicalewaant inputo[R824&ertingingriy. 1
with reference to Fig. 1, a circuit board of the pump integrity monitor 101

may b&'prdeitiseratheformnbathighlspead Hoofiditiontoafd. whickkanaye, upon
include no microcaontroller orosrocessing capacity. Rather, the high speed

acquistiol bEREF TRy Pet tedichtdy 1oPesH gy Beotistiersiorakior Wy includes a

pressure sensor data at a rg between about 10Q to abo t60rﬁ 000
samplggllp%}nélecco\ﬁé%gr Thore-rha ﬁ%ﬁnép%%bd) gé%fufsﬁ%‘ﬁcbo%?d b, g formable

dedIC%@QI{O&QQW'an@%%éﬁp%éhﬁ BGRMSHS I8RO 5&%91@“@%%&’3&% containing
pressure transducer 179 as indicated above. These sensors 110, 179 may

be spéoificailypositionedta Acauire aaoustia vibration dada fremriR8y operations.
pump assembly 100 during its operation. In an embodiment where the

pump TS0cISRplErdidietire At die d suohigdwsorptna 29cayshel positionedierial
and equipped to acquire hydraulic pressure data in place of acoustic data
as destrib¥yerari REgEPaIdLs HaREhie dautadthdy BahsnsslLg Bljows it to
the pump,i ity monitor 101 in order to provide a recognizable pattern

o P B R o B R 0
unhealthy ﬁ@ﬂd!ﬁmM1m@}quQ:§ﬁ§ﬁmmy AAR-sheyld OREALFC60 also leaves it
Furthermore, it is not required that the pump flow rate remain constant in

order tosempploy ttedhnidueshgdescribedsitrthes helnw: {00 26LGontinyingds.

with reference to Figs. 1 and 2, an example of an acoustically detectable
unhealfityBonditisair trebburnb asserbly 4dbodd deserised rvdetaibndhatymers
is, while 3 hqét of harmonic or vibration data is provided by an operating

pump SRRV 80" CRFRAIR At Y Be R Eativas dleseUarbapore may degrade
O e R
sor of the np i tor

c use.  As this
may be pre-loaded on a proces e pump integrity monitor 10T %0
allow apalysisaWith respesttonthesmehadiments degcrbedherein, these so and
unhealthy conditions may include plunger wear, loosening engine mounts,
pistontissu@ss deterléfatingieramksheadl bearings, anddtansbmssiomdicative of an
breakdown in such forms as a slipping clutch or broken gear teeth to
name YW ARGIHEPB GER e RBAFBIBS REtRIEXtRe UthiER ARt dbrditionibiable o a
failing pump valve seal 2&0 s shown.in F:%.iz._ This type of failure may be
prone T 6eAUFIh Sircamatancas Whate WOrASIVEHIEE SPardfedted
through a pump 150 such as during a fracturing application. 100261With

particular reference to Fig. 2, the pump 150 includes a plunger 290 for
- 10 -



reciprocating a plunger housing 207 toward and away from a chamber

235. In this manner, the plunger 290 effects high and low pressures on the
cHareI2EsE For example, as the plunger 290 is thrust towark thes2007/654995
chamber 235, the pressure within the chamber 235 is increased. Al some

point, the pressure increase will be enough to effect an opening of a

discharge valve 250 to allow the release of :fluid and pressure within the
chamber 235. The amount of pressure required to open the discharge

valve descri mi /-a discharge mechani N
270 st h St ety B Bion oeam e ol Vs 25 I S et
positiopoumtibthesrequisite prassur.is ashiened.n the Lhamben238edR30 by the
embodiment where the pump 150 is to be employed in a fracturing
operatignupriessuvas!nibas el astuideveth it te manner daseribetressUr@s may be
of up to about 20,000 PSI may be achieved in the manner described here
10027 PThEfBIIsPRo0 At Riso Bffatt snmivnwar sarenbivtROch ampdognction site
235. TQ;I as th_? q'E)Iung]%r_ §9Q retreats away from its advanced discharge
position'Rear 115 (hanTBEr 255 iR BraLsir S Hdte R IWHF dECHGUE AY thiscoming
pressufe Wbl Ihe:chamPar £33 AacleaneR. e Aseharge YAl e R a0 Lipmen

close returning the chamber 235 to a sealed state. As’the plunger

continygsitanmave.away.frony the shamber235 theptassure hersimWitle of the
continue to drop, and eventually a low or negative pressure will be

achievethwithjrcthéichantber285. sSintilértoittiesaction of the discharge
valve 250 described above, the pressure decrease will eventually be

enoughtg Bffectarpenifd BF an HtaldiaRie PS5 THE B AP ohthablies 302,
intake y@vg %25 %II (s the u tacl(e of fluid into the chamber 235 from a

Auid Chufina] 248 ol et IS T aBUISEoh pHEsr' AURVER th e pumo
open the infake splye:259 as deseihed mayibedstermingd 9@!56‘%0}&:;%5&00 may

mechanism 275 such as spring which keeps the intalce valve 25

closedppasitioneuntil the reguigitend o Rressre s ashheyeddndhe chambas 5000
235. [00281As described above, and with added reference to Fig. 1, a
reciprdéatingror@yalingrastidhicf 1@ plurger2 90 owardsandiany fror may be
the chamber 235 within the pump 150 controls pressure therein. The
VaNeSdg‘g@’e(éggOr@gM@gé@a H‘Wﬂftbf@épﬂabic rock 315 or other earth material as

is the naturc of a convention fracturing operation.

[6833] Apart from the acoustics emanating from the pump assembly 100 of Fig, I,
a considerable amount of noisc 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 manifoid 375 and to a well head 350
coupled to the well 325. That is, all of the assemblies 100, 302, 303, 304, 305, 206
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 purnp assembly is enhanced. Thus, referring back to Fig. 1, the ability of the

- 11-



to dispense fluid from the chamber 235 through a dispensing channel 240

and ultimately to a fluid pipe 165 at high pressure. That fluid is then
reflasestosdtasfiuid from within a fluid channel 245. All of the meyemests 954095
the various parts of the pump 150 as described may resonate to a degree
throughout the pump 150 including to its nonmoving portions, such as at

the fluid housing 157 within which the chamber 235 is located. Thus, as
indicated above an acoustic sensor 110 may be secured thereto for

sensing slqct;&g{g&na&n&gi_bm]fiqn5 ~L00E2-9%{A§S noted, certain. vibrations
detectéd by the Acoustc sensor 11681 Eig 1 Ay be' iktitdifie' g giyblishing the
unhealty yalye seal 260.0fdhe.pHmR Lok ForeXmple. ypop closer . gnificant
inspection of Fig. 2 it is apparent that the discharge valve 250 includes a
conformmlote. valve seal 260 for sealing off of the chamber 235. The
conformable nature of such a valve seal 260 is conducive to the pumping

of abral§é&t tont&iningfhdidsttiderghcthe Bigmp-150 gstisodfienbatiedeforibnd fluid
the case of fracturing operations. For example, the abrasive fluid may
include A PIOPEEH s iEH 4 8458, eevarhlcmAtBrialBr BAAxiE tixed. 306 during
thereinc()mglg&p&f]ormggﬁ hature ogﬁthfe,v[alyq seal 260 allows it to conform y
about any proppant present at the'interfaca 875 6f INEQiBITaFS Vajpgor 101 is
250 andseak 28R nfortunately. e genformabienatyre of NS VAYESERlion of
260 also leaves it susceptible to the unhealthy circumstance of
degradetienibynsuah il agive Jluids. $0030LAcoFarmablenavernsettis may be
260 of urethane or other conventional polymers employed in a
converitiaetdractiving operationsas deseribBdeatpdyenmaytiebeadeve noted high
completely in about one to six weeks of substantially continuous use. As

this deiedatfgn Bhgna bl ratiptipetdth o4 sailkots frirbeensen 10, 179
the Va(lél(%i%ggcg "E]ode% 1%.11\!:%%{1% ?{%a*'t' 62 g é.CThQ%%’igf?)f%%}tg%le%%?ﬁ;t "i?é]iﬁ‘g %us,gseﬁitggbly 106

vibration indicative of an unheaithy condition'o
may then-pe rﬁiﬁﬁﬂ@&l’ﬁ@ﬁttﬁ@é{tﬁplﬁ ﬁg&%@Wﬂlﬂgh@ﬁ@%%ws&s%gn board may be
chamber 235 and the dispensing channel 240.” WO

2008/0813668P GTABR00Q74654095]0031 AGontinuing Mavmwitlvelerense: t9o.000
Figs. 1-3 he above described unhealthy condition of a failing pump valve

seal 26078y BY seeuisticallydetediabledbylttelatdustic sehsor bt agisition of
indicated. However, as shown in Fig. 3, the pump 150 may be part of but

one pditp ASSERBN R be R mitEBhM  WsebRisly 350 B¢ &proaetfismse of the
site 37@1];(')fl)seg%grﬁgembpdirgents ﬁie%%gggd herein inc;lblude techniques for

i . posioncd as mndi ve whercas The resolid Tas aconst
discerning acoustic data emanating from other assemblies 302303, o geoustic

305, 304:an eauipmeRi Hﬁﬁ@cﬂ)ﬁs@&%%ﬁ qaday g&ttmmeaﬁésemb'y 100
e

such as that indicative of the unhealthy condition of the valve seal 260 as
indicat@d3 30032 Asshaywiin Figre&eand ipdicatest aooyen Mutiple-RUMPO 1 may
assemblies 302,
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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303, 304, 305, 306 are provided at the production site 375 in addition to

the pump assembly 100 of Fig. 1. Each of the assemblies 302, 303, 304,

305 280818ak¢ 100 may be no more than 10-12 feet from one arothebowitRases
each operating at 1,500 Hp to 5,000 Hp to propel an abrasive fluid 310

into a well 325. The abrasive fluid 310 may be directed into the well 325

and directed to fracturable rock 315 or other earth material as is the

nature of a convention fracturing operation. [0033]Apart from the acoustics
emanatin m the pump assembly 100 of Fig. 1, a considerable amount
of noi?é%{i}:g}ggrggfat%b(? Thihe g%o@éih SSCTBed fractuting BREPatic B Ry cgenating
In fact gp.comtinping with reference io,H @(ﬁgﬁ(ﬂﬂf_d] eqpipRment %E&%}P@S@? acoustic
blender 307 may be provided on site adding noise to the operation.
Furthermioreteachoassenbly302::303, 304,30, B06,iBnd:-dQ0-M@Mhsducer 179 is
generate up to about 20,000 PSI for directing the abrasive fluid 310

through8 cshanteh mianffsid 375 @nadoo o well dield 850 doupléd to thepening of
well 325. That is, all of the assemblies 100, 302, 303, 304, 305, 306 may

be in fRAFESHITICERERRWRCBIRE dABIHETSAL A PESTRseTeRlig 302. 303,304, 305,
comm5;3(1_)056}1%@rgliS 9}9 ab}l{tyylo{.acoustics emanating from a single pump

assembly to resonate at an ‘adjacent pump assembly is enhanced. Thus,

refe_rri@%@ﬁ(:k tq.fF i@dﬁidh%a@git&i%ﬂ&% M&ﬁﬂmgﬁ%m&@t%&%ﬁ% the pump
decipher the source of acoustics for establishing the condition of its
associatethpiymplassenzhbly, 100 inlpatticutasimay bedsefsignifisant benegfits noise
100341Continuing with reference to Figs. 1-3 in spite of the above

describear fither covrriuibationearmomg puimpadsembliashlB0, 18027803 witch 120
304, 305 306 during conventional operations such as fracturing, the pump

integrif) TBRRET Y 18 LSRRG EHRH IS MArHdcmatcdifgpgotating driveline
deciphering and favoring the acquisition of acoustic iQfor ation relative to.

its own particular pump gélétgﬁﬁbﬁpi@%o r}rﬁl%o %93 e Ac 1}1;11311\/%('59&1@1&, Bﬁ pe the
INtegrifdnQian Lodem B{_QM H}Q}QQ@&E%@QP%@@W ﬁ]t%k%%%ﬁ? 100. Therefore,
acquisition board in combination with one or both of two sensors 110, 179
positiongd tddetheafcedhevsensingsofiaadughicirfommasiondramphe;mmee pump
assembly 100 of Fig. 1 in particular. That is, as indicated, the high speed
acquisitis# bodfdinayHettiotiedte drordanmplirige sersar datdGt @ Fat@3of 04, 305,
betweg, abé)yt 100 to about 300,000 §am§])eles per second or more. Thus, .
as detaifed fukARI BRI, tREHGuIitEH SF 4EBuSHE TR HRT RIS P eeds is

asse”mbétmgdﬁif %’tﬁu&’&‘%ﬁ%@ I:] hd:ils %1% mtr)lybl'(l:?eeoig tgc%qseQ]%gﬁmlnloér%%goutside

positioned as indicated above whereas the resolution of this acoutic data,

may bﬁ)ﬁﬂ&@%@@@ﬂm@%&ﬁﬁﬁ@@@omﬂa5&%%@%@@9@@P%Eddccipilcrcd by a
10035]Continuing with reference to Figs. 1-3, the pump integrity monitor

101 maydeedirgctly wirgdntogpinerosdioth ©f ih sensorslatydhl 9f acoustic data at
positioned to enhance the sensing of acoustic information from the pump
assen%lg}“f[@@abf Fig. 1 in particular. For example, the first sensor, the

above gﬁaé?;ibe%a oustic sf?a)rgsor élo is positioned directly on the fluid
housing of the Bﬁfﬁfﬁ“ﬁé "PhE'SEUBRG YEHESr R AbBle Aty employed to
bressuigANSAGaI (R, MaYRe Rasitianed linin e, comman. Ut ine
175 to t%e manifolid :C%75§.ayWhiIe1 pgsbl(tello?\edgin a common fﬁ%ea?%%,fem spite of
pressuiedransduear k79 irolacatadte the pumreside-ohebake L4hiNat 302, 303,
briefly cuts down the inner diameter of the

304, 303, 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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WO 2008/0Pa/1132007/054995 line 175 (e.g. abouthalf). This contributes

to the attenuation of acoustics emanating from outside of the puip
A¥8eIBIYE 100 of Fig. 1. Thus, the sensing of acoustic informatéri/igav THe4995
pump assembly 100 of Fig. | by the pressure transducer 179 is still

enhanced. In fact, the location of the choke 177 also aids in dampening of
acoustics from the pump assembly 100 of Fig. 1 to other assemblies 302,

303, 304, 305, 306 such as those of Fig. 3. [00361in addition to the
enhan%@d‘%%@'ﬁ&@iﬁé %ﬁ%sstbﬁlg,aﬁﬂ[ﬁg%m%x%ﬁw s%ﬁﬁ@ %Q&y }&gc%fing ongme

interest, the enhanced resolution of data as indicated renders noise from

other sauiees afiliftlemsignifiganseishispare:SeRSAL SUGN a9 BFONINI:rossheads,
switch 120 may be provided to the pump integrity monitor 10] and coupled

to a rotatingcdrivelimenmechanisne 80 ferhmenitoringispeed obthien gear tecth and
operating assembly 100, thus, allowing the processor to confirm outside

noise A&YURGIRE)AL RS R THa HSsERIINF 1002 THERSTore, with added

refere Fig..3.such a high rate. of acoustic sampling by the pump . )
integrity Rnitor 101, e et t bPBPLLE QUSHIAG RELEIAAEu Hog oz
303, 304,395 80 91‘9&@%@6%{{1}% ?Egaefl@yl?ip s 'gﬂf'fgac%&té}ﬁgﬂ;f%W&gardleﬁﬁ of
and/or constant speeds is substantially obviated. Rather, distiriction
betweendeisEne MaARALAY R AUISIUEISO VGRS RkE-0f SME Jramhe; may also be
associated assembly, may readily be deciphered by a processor of the

pump imelity moniterid Iwitvadiychdvastameountob Booustiodataatyitsquired
disposal. [0037}As described above, the pump integrity monitor 101 may

be emflbys@t bz reYauRFEAIthy BEnditisH Subrhsarriiiepiaye noted
valve seal 260, in spite of surrounang noige at a pro llJ tion site 375.

oustic data At a constant rate b(bf,qé és’trgaé Z‘i’, ER I‘C%Odé%P%r%Bﬁil-%le]BFT to

Furthermore, all other assemblies

operatigh Hich B Ak SHoNIINED 3, a% B8 RAUPPEI IR INAIMIE Rl o of the

pump Integrity monitors for diagnosis of unhealthy conditions of the

associated:pignopuassembly. 30213833043 0%: 308, AGAINLSUEN manner the need
unhealthy conditions may include leaking pump seals, plunger wear,

valve $pringiwesty Flobseringienginebmoimisytpdimprmeisnts] jigtonrrigsliedpmain,
deteriorating crankshaft bearings, crossheads, pony rods, transmission
breakdGWAE Lich adEritch Sippage ofifskeh g eaMteBiReaRa BefjetHE may be

Condions RESEing acguse abnormalies. (00T R S i, ror

describe 1technlques of employing the pump in

example, frequencies substantially beyond 25KHz, more preferably beyond 100Kz
may be analyzed by a processor of the pump integrity monitor 101, As a result, leaks
or other acoustically detectabie 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 carlier on at higher frequencies.

[6039] 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 eycling of
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monitor 101 provide detection of the health of a given assembly 100
regardless of surrounding noise, acoustic data indicative of equipment
NeaRpdP#atedrity may also be employed in a manner drasticalty Tésuings4995
the amount of processor capacity required for establishing equipment

health. That is, rather than sampling the above noted acoustic data at a
constant rate (i.e. equidistant sampling) and performing an FFT to plot the
Information, acoustic data may be sampled at a rate based on the speed

of the ﬁﬂeﬁﬁl'mg Aau iﬂa ,eﬁ}t&%@dﬂiﬂz”ﬂ@ 'H]oggu%ﬁl %Jﬁ%g‘? n}] I.igge)-d lHJtr[)h!)§f0]‘1ﬂ FFT

manner he need for a discrete FFT conversion may be eliminated o
transfefseetadhe angulansemain alse.referesrto Nerein.asthes AdeE:, a sensor
space. The pump integrity monitor 101 may be provided with the capability

to detectahdramalizemuchthighenfieguoencies cFonexamplhe; ffegueneiesso and
substantially beyond 25KHz, more preferably beyond 100KHz may be
analyZ&8hyFaBr6tesstr GRARpEMPER gAY chitdr indas mesaresilts provided
leaks Qr.gthe‘rratiou(s_ti_czgl %O’Iete_)((:it_able pr?blems encountered bf/ the pump _
assemBI B0 RAY 456 Derdetdl TR L 48P SH RS2 Ating dt stitrpmeer

nigher;{requenciessin achin 2 AROAIR SPBATMROLALEHATIE o iming

Fourier analysis may be performed over a small frequency range in or

to incredgsenspeciraleselition:dNeyertheless iheisionaldetestion Mmavubger, te
obtained earlier on at higher frequencies [00391For example, with

referencete Figsiht-Baipovegthe poamgp integoity ondnitep L6E niay sampleg pump
acoustic data at a rate of between about 50 and 5,000 samples per

revolutioh B ERBIERE R mATTISBortie poditivonin daafsiaatidivietative to
cycling.of the p 150 may automatically pe provided without any need,

to pergé](rar?ﬁotﬁFT féé?n%rg}}ig(ﬁ%r. iﬁwa% { rgr t '”éé@ﬁ?erfﬁ%eélﬁ?ﬁﬁlilﬁ’ésoflérboﬁffgﬂgm data

data in, thisMINEE SENSHDAY, Be RIgvidsd 19 mma%so(ﬁetsr&%ég%&b@ii@%zomd

of a moving part of the pump 150 and thus, its speed. For example, as
shownvinaigar?, andndex sensopRsisnirvidedadiacenia PiReer 299 a pump
that is driven by the noted crankshaft 155 of Fig. I. The plunger is
equippedwith £(cbilan22 Puatedtablighbyidhieipdesensd6@25:5ueh thatg. 2. In
tinting information may be transmitted to the pump integrity monitor 101.

In this HarrRISRRE hbesRski Brih ety iriteg Al thoAfB raon wedgoryic data
keep time of the operatin pum 15 irg}ag 1irin d plotting acoustically
lacgcag en Olfg%n(,g 019c1 tg’ﬁﬁ gtL(I g ca%nigmg.lgt. 4),9\}\%{@%{8%&80 Thus,

obtained data réelative thereto. eferring how 10 Fig.

refer@@%ﬁ%ﬁ'ﬁ%' i%f&{ﬂ@&%ﬂsﬂglg%% IQSSWSQLQYQ%%B&{'[HPC'%%QHEX been plotted
monitor 101 via techniques described above is plotted on a chart. The

chart sttowin plets @pausiiadatarthatbasReen, abtaipedfam aPUMRal processor
assembly 100 having a pump 150 with a leaking valve seal 260 as shown

in Fig.candeitthel émbodimengrshownitsetiieen about 500 and about 5,000
samples of acoustic data have been obtained for a given revolution of the
crankdR&H h 55 SPHHRURIBIRSSTErHGS, ivén dirfermatithrmeintHemdey index
sensogC%SZOSI_ %ngﬁtic d%tiaﬂlgas been ‘r%lotted without the requirement of FFT

OWs ¢ ploHin .an acoustic profile of the apeular position of the
conversions, thereby savmgisui)s ial process%r capacity ofthe pamp™ ¢ "¢

!ntegr'é}fc_m%nﬁgﬁﬂ-qgﬂ %99341]élcti?{éférl%gcYVJ’é&?%‘ééﬁ&?%EQ:FFQ2,43 .tlmﬂagis,_ in the
information from the index sensor 225 allows for the plotting of an acoustic
profilesofthitnangutrtposiicn:ohfh@Ccyaing IBomp &S50 haged amthi@eent triplex
plunger reciprocation areas 1, 2, 3. That is, in the embodiments described
hereirftH&waiep. 15011 ofacpositvedigptecemernitripléx adnfigurations Fig. 2,
Thus, three separate plungers, such as the plunger 190 of Fig. 2,
reciprBCRE A ) BRER &Y S BB pRHp 156, %\Yé‘ﬁ‘étyoéﬁa%ﬁétf@‘aé{aﬂﬁ 401,
400, 401, 402,403,475 MALPS RIOlgsin Agoqrdance therewith.
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WO 2008/081368PCT/1B2007/054995 [00421The chart of Fig. 4 reveals

that certain acoustic data is persistent throughout an entire cycling of the
puthp BB Jdiis persistent acoustic data 475 may be the expeeted 2067054995
acoustics of the operating pump 150 and other equipment of the assembly
100. Due to the improved resolution and enhanced detection provided by

the pump integrity monitor 101 as detailed above the probability of an
overwhelming amount of persistent acoustic data 475 emanating from

anothe ) embﬁgc(i. . Of 30;? 304 %OE% 306 of Fig..3), is minimized.,
LA Fio. Xhréveals a1 ATt . % 413 1% persistent o
Regarg e‘s&;; such data fails to be indicative of an'un g‘glijﬁif CoRditisA frouehout

the pump:LaR %?@91@(@@%‘%'@1% l%mprlmegéﬂya{EQ”AE‘B[\&Q%Q@"&QS may be the
employed. f00431The chart of Fig. 4 is depicted in a logarithmic scale as
alluded-tocaboveqwitls a maxispumifteguencyscetectakle afuiacther e assembly
sampling frequency (i.e. Fs/2). With respect to particular plunger
reciprot&tioREréade ippRofithieschaet eakhikckededesirike dataid@1)402, pump
403, revealing two valve strikes per plunger reciprocation, resonating at ,
betwedHEHBUTI/E4 AN Sbdit SBBP R St fretfu s Ry lmppgsamount of
would pe expected as described in detail above with respect to Fig.

where E/%Vééj 2‘%8?5%5%%&2%%Q\?Jewglgétéo%ﬁ? ]é% asdes rﬁjee'd%%g\%/%’. 304, 305,
Again this particular acouisticidata frils.tabe indicagive afirny WAhealthYve of an
condition of the pump assembly 100.TOO44]Unfortunater, upon close
examinatiediof ¢thedfiist plungeurecipoeationtadesit ar yahealktlyriiy monitor 101
condition of the pump assembly 100 is revealed. That is, recalling the
leakingWrahaanskard60 of Fig. 2, unhealthy acoustic data indicative of this

leak presents in the form of leak data 400 in the first plunger reciprocation

area 11PA8 leak Mafiot frésdrts mmitiebiaanpatihiie Sitkingidpded to above,
alve (i hown by the mike data 401. As described with. =~ .
valv (\!vsh %%Q?)X?ﬂ%ll%ﬂ %c uct iyd%tcc{aléﬁ.g z%tﬁaiAYOilllll SaIn ')Elégafl;f%{“]sm%(a f8'r?‘n Fs/2). With

reference to Fig. 2, it is at this time that a completed s

betweenhe wvaing 220 Andhe AR 88304801 H]U%S@ﬂatﬂca&ﬁHSE%h includes strike
vibration, depicted here as leak data 400, resonates as fluid leaks

betwedadHeIcHaMbBET, 23EaBingthevdispensingchainnglr2dOpAtutinhealtAyting at
condition of the pump assembly 100 is thereby detected and displayed.
between about 1/64 and about 3/8 of the sampling frequency (Fs). This would be
cxpected 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 unhcalthy condition of the pump assembly 100,
[6044] Unfortunately, upon close examination of the first plunger reciprocation
area 1 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 arca 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 feak data 400, resonates as fluid leaks between the chamber
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100451In Fig. 4 detailed above, leak data 400 is depicted in a chart that
reflects the angular position of a cycling pump 150 such as that of Fig. 1.

The dipitiertof acoustic leak data 400 in this manner provideB(SOIBe7/054995
insight into the condition of pump parts driven by a rotating mechanism

such as the crankshaft 155. However, with reference to Fig, 1, a variety of
other equipment such as an engine 125, transmission 140 or driveline
mechanism 180 may also be subject to wear and breakdown. Similarly,

the healih B(éﬂ&hd%%@fﬂlf%m%\{ 9&)_0'9,&%0&%96%19 rgo?%tt%r{le% 1g%rﬁdn|1n gaag;;?‘:/cmbly

techniques described above. That Is, the above-described techniques

be emplayrditeranahzinghethpima and engine data. For example,

acoustic data. corresponding to a gear ratio employed by the transmission

140 ma§the indibatie bfaqprdblemepliol taith@divélinadsnachanismk8Mccss the
Similarly, as described below, unexpected acoustic data corresponding to

the rprA"8F @ EHEIAE oty tHaymen il ative o tiengifesite Thsdasasivahy Basoustic
with e_q%m% m%&ts or, piston recipracation. Additionally, it may be of

benefit to examine e “clgﬁlélfféép&‘fvéﬂ“cqﬁ*%‘aﬁ DR O BEHIS tRERUMD parts
amu'%-%ﬁ'ﬂ%'&%fn Gl%ﬁmm%’sm %’I‘rﬁ'&‘é%%{fPPﬂe%&%%v §f€th reference to

spectral density), as shown in Fig. 5%, may provide insight in

conditipi.of operaling squipmenhipatherilequencyfangas asdatailedn 140 or
further below. 100461Referring now to Fig. SA, with added reference to

Fig. 1, digraphisdhoiaun dépictinglantacousticiprefile ofiageustisvdatiimilarly, the
acquired from a pump assembly 100 having a four stroke 12 cylinder

engine’ 1% that Teir AHING B Aoub2 A0 iRdniad Trisiva) becohéngameechniques
pump 3&5&@&@3{ 00 aqu'}a%t depicting the acoustic data of Fig. 4. _
However- By way of comparison thi Reolst gL o Eiy s Brashhiemployed for

frequenci j%g[ hex t of Fig..5A extends, However, an . )
extens%)‘;a:?c?]i ig. Smﬂfegr]r%g %‘%{%éﬁ&%lén@; \?\%ﬁ?ﬁr}?é%‘g}éﬁﬁed%{égﬁgﬁ?Ondmg 04
pump telatedodaipicepicteddr-mtmdsiAnoheardistinetion framHgohis fhat o the
in Fig. 5A, rather than depicting the acoustic frequency data. against
angulairpyoksitomnisgathergréihh BinklgrlHAdepiotd@icbistic datgpagainstiustic data
power as described further below. [0047]With added reference to Fig. 1,

Fig. SAEHetzEdtstie Haratlebivaascal? &g Blispdratihgrinool issucs
2,400 rpm as iﬂgi&%eg} Soulgp an en ine 125 vy_ould generate a frequenc X
of about 40°Hz By definition. TAUE®SA SXERHAGEN Sf B bR asH benefit
at aboyt 40 Hzrayeals AEQUSHE LAUNG TR 4R RE0: IR, Ak the greatest . o
amount of power revealed for the frequency range depicted in Fi AT =
revealed isxihgiforne efihruacoustic @nginewerm dataaRAiQther AeeUstiGie sa,
data is revealed such as camshaft data. 551 at about 20 Hz and piston

data 58@vapabvat R4QHH miAghing giveina donventionaldiroyindenkngifeuency
125 running at about 2,400 rpm, the location of camshaft data 551 at half

that of tReF e ishi*akes B0%and the location of the piston data 580 is

to be ted. However,abnarmalifies .in such data may be telling. For.
examg eﬁ?n ab%%%%gm;i}?ﬁ t%ggéﬁmsh\é iﬂddéyé‘}%ﬁbﬁ%if b fidlikativgigy s shown
misfiriagwihereas:-anaRnprmalit iR data 580, may b6 ndicative o i 100
engine imbalance, misalignment, abnormal torque reaction, or a weak
foundatigngof the engine1256in0048d4\W¢hite the 10eation; ot He.R00BtGm . This
data 551, 560, 580 reflects the expected operating acoustics of a 12
cylind&reigiffe 1250 peraitgcart2va0® rpnthadiitions dooustictic data of Fig. 4.
information is presented in the graph of Fig. 5A. Namely, engine rpm data
560 EE%@ Wth 4 BAR BHE TR HRSACS D Hembdtls pbriBHBE 2! dirgugncies

Small%‘;gﬁ%lljgpdlpg}glapdégzEg%;grrr%gfacﬂ HO ()S\?!F'{‘)Q’Illa.r%’ the p]Sth ti?%tasgsug)ic[n]b of

includes a smooth portion and a rough portion §§1fnﬁlﬂlﬁg, |
apparent that a problem has arisen in the firing
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or operating of at least one of the pistons of the engine. Thater than

acoustic leak data 400 apparent in Fig. 4, rough portions 567, 587 of data
prgsesifsRiek SA - revealing an unhealthy condition in the puepe/is2007/054995
assembly 100 outside of the pump 150. Fortunately, however, with

particular reference to the z-axis of the chart of Fig. 5A, it does not appear
that the problem is increasing over the period of time shown. Therefore,

an operator may have time to intervene before failure of the operating

D R e o D e R A OB I A nother

acoustic data depicted in Fig 5A ata, re

the conglitign; af mﬁneﬂg'Qﬁ@@étm@%b%gb@ipg%l 5&9‘&(}?91&'&8&&% ﬁcqmnr;y

engine 125 as described above, cyllnder combustlon peaks at about 6

Hz, 100aHz3¢b#0tHAg dlad (1SG btz might hepaxpeetedsalongivithReaks data against
representing harmonics of crankshaft speed at about 80 Hz, 120 Hz, 160

Hz, an8°200%1desikty! dadiwsticldata may again be analyzed to determine

a. condition of the engine 125. For example a peak representing

cranksHaf ﬂnarm@ﬁ‘i@%ﬁb‘gﬁ‘tc%ﬂ’zﬁﬁ?at i Konifidanay H@Héﬁ*@tﬁaﬂ EigdYe to an
cranksfiaft harmonic I%Qk ay be Jmhcjart!l\ée of @ prablem suc 55
f%ulu tt S 1 e uch d]l %s%géft 125 would

vibration damper re”re atlve G4 position of thé fotating ¢ran

10050:ReferingHeude JrithoaPiAgalr, Wit RededHaieenee I Hig: b fhe chart o

graph is shown similar to that of 5A, but with reference now to pump

acoustits. (5.&. asioppasedioeadine asausies)e han theerDodIMent, he createst
shown and described below, the pump 150 is a positive displacement

pump 150Ut &l RrplexcrenfigiraticriiThepumpd S0itcllddsa Shankshaltd in the
155 rotating at a frequency of about 4 Hz where an initial peak is depicted.

In a circihSlaie GHalc RsEEIRR ﬂﬁ%ﬁ@on@‘ﬂi‘@h%@ﬁ“&%\ﬁﬁb‘ iy fljgealed such as
tlmlng 9&1%]%&%“5%??’1 d%%atllgl? !71%2 epai's 0}] ICtggUaE agg}%tﬁﬁ_ge r!’lseéwgn a

or present otherwise abnorm Such’pump allures may inclu

leak, hr@k%ﬁtmmelépém&d@%%ﬁ@ng%d:%ﬁﬁ'@ RUGIRNOURH %ﬁracﬁ'é( location of

bearing failure 100511Given that the pump 150 employs three plungers

290 assindicditediabdve, half that of the engine rpm data 560 and the location of the piston
data 580 is to be expected. However, abnormalities in such data may be telling. For
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 cngine 125.
[6048] 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. 5A. 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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each reciprocating wevery rotation of the crankshaft 155, the peak at

about 12 Hz is WO 2008/081368PCT/1B2007/054995 to be expected.
FYPLREYHIBT&S % peak is toted at about 24which reflects a reductioniERion54995
of about six that is provided by gearing between the transmission 140 and
the crankshaft 155. For the embodiment shown, a high peak at about 24

Hz would be indicative of problems such as with the transmission 140,
driveline 180, or related parts. Similarly, where a bull gear of the described

gearingemg,giep%qgﬂim;@xnwﬁms%%,Ln%f;@&@!—;%e%a&u ﬁ%?.ugé%% Kz 150,

would be expected as shown. Abnormalitiesin this peak would be
indicativeiefdagragation onatharipieblemswithasarngitegthfontheor rig. 54, it
depicted embodiment. [0052]Referring now to Flo 6, an embodiment of
employling apumpeimtegpityhmnonildeis sumenasizeddncthedfopmief aflaime shown.
chart. The monitor is employed as a part of a pump assembly that is in
operatigl & TRAB LRSEFEY 620, IcriBts dodpeverthes Bemip agseltisiyiragng pump
be operate ]in}cﬂ%n‘juncti n with a host of other equipment, including other

pump assemblies I HIhE"ESMMURIEANGh therewith, Nevertheless as

indicat%t_@?e p_lf'md% L’imgig Wﬁx@‘&’&ﬂ%’ﬂﬁx Ec )i%{pcp 111(1)}6%% é/% Q??'QE@ rs%e additional

health or integrity that is particular to the pump asse

10053laeciphering thecbealthaftthe RImP assembly Manmbe achievR$Ia in such
part by employing the pump integrity monitor to record timing information

of the pumpiasiemblyasindichted ay B85 (eogparhaps:vith bproxinity 100 Hz,
switch). With timing information mind, a vast amount of acoustic data may

be samPleldawithlal HigH spéel hegursitieh Heesrsiliserelperragysing harmonics of
betweenne}(kSJfl)é;fI_t S11%%)';,%())aooband ,Op%%samples per second as indicated at

650. With propefly Totatd'se Bbtai) S Aks, Sshirg hihdate may

X
cated' sensérs

feSO'UQQJ?;P@JQ%ﬁﬁ%ﬁ%‘i@%&f—&ﬁ%an%ﬁ‘ﬁilﬂ&aaa?ﬁx@Qll)éi%aﬁ?.e 995%@%%?8% peak

evaluation as indicated at 680. Additionally, the acoustic data may be”
sampleghhased ondheispeedaiibe purim as notad at S80Rue R han other

FFT conversion of such data may

crankshaft harmonic peaks may be indicative of a problem such as vibration damper
failure relative to a position of the rotating crankshaft.

{0050] Referring now to Fig. 5B, again with added reference to Fig. 1, a graph is
shown similar to that of SA, but with reference now to pump acoustics (i.e. as opposed
to enginc 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.

[6051] 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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be entirely avoided saving significant processing capacity of the pump
integrity monitor. (00541Embodiments described herein include a method

Sf PrigfRoTireSpump integrity with a. pump integrity monitor in aPGTeERISR7/054995
that distinguishes outside noise from acoustics related to the pump. In

fact, even where surrounding noise emanates from other pumps fluidly
coupled to the pump of interest, the pump integrity monitor is operated so

as to distinguish outside noise without requiring that other pumps be

ope rat%q) @E%H&%@mfﬁgu% nghltlfsrce Qtpﬁfﬂ? Elqﬁ;é%ﬁ &P Ql%mé{ %{9 %vglfcﬁ ngfa? e%’is a reduction

Thus, there is no need to place undue loads on certain pumps o

multi-puip epesationdnardenoarausticaliymnoniocing oparatind hedthand me
of each pump Furthermore, the pump integrity monitor is operated in such

a. marmerksgés! {6 .dresnalticathpidoreassehprocessiply caghagitybbyt 24 Hz would be
elimination of FFT conversion requirements and to shorten time for
diagno&icatthe’h@sHeEFtEcpUnp i TTHlg, tRespradei dHEfEEt Voife §80pfor related
acoustic diagnostics of an operating p issembly may be significantly ,
TV TOORBIAT oSt oh DR BB vErts EELH pHREGIar T so 105
teChm%ﬁ}S, J%H}BHIE%HZIQ H%Mt@eﬁ}%&%f Ye Q){?&%(,‘Pc%sﬂ\éﬁ()q!%pIﬁg%ﬂ%ﬂguca in
pumps for fracturing applications; additional embodiments are possible.

For exampleksevamboump e gny:menitorsomay hecoupied 1o asentralen for
host or one another over a network for analysis of operational conditions

at a vahietyrof pdamgsdireven multiple operation sites. Additionally,

analysis techniggces described above may be further and lore particularly _
tailoretPeided oFFSTEGEaRTEORTTGErStGH. T R1EESEA R RERpEag fnPump integrity
avera jlnr(])gri:t?)(r)lilsng ﬁ%‘rﬂ:@zlgg iﬁct)l?f.:tlfons S ta(c:é‘;\[; (’%) Or}ll]g)éjék‘)o%i}eorgﬁ:g gg)[;[é%jl &s a pait

rm Ofa f
reduce noise and improve ressIttion irfespé

Conditlﬂr&spt W&Uﬁl}&?@!yﬁ I3 m%}io?iﬁ&PR eRRloved f%mﬂtﬁ?ﬁd above, the pump

harmonics originating from a variety of mechanical cal parts. Joint
time-frequengynanalysipmad evenhememployeddahandlatinen Went, including
2008/081368PCT/1B2007/054995 varying frequency content through

patter ¢écognitioatwotimensionbttimeufreguenityspdce Meverdiress. as indicated,
Bayesian-based pattern classification technique is employed with an
embedtfet R ABSESORBIBR g FHRis A bobs Bbeadditien footngteanty that is
abovepmetq%dt% mgg be em(glll%yfd tailored to the pump

CU UMD Ass

[0053] Deciphering the health of the pump assembly may be achieved in part by
cmploying 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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integrity monitor electronics employed. In this regard, interleaved virtual
sub-devices may be integrated into a single firmware

frenBfsagregeammable virtual devices may be employed with furictiomaditg£99s
based on a particular frequency range of interest while still within a single
frame, and portable device implementation may be employed.

100571Further additional features may be provided for employing the

pump integrity monitor described herein such as pre-programming of the

pump mecgﬁleI %0 %lé IEQV%Q/ a\rllt@;%lgfuylbggtleosrgl?lggatclflcrl?s E}q ?@hagl%% integrity
pattern recognition for the types o prodblerl%s |keiff‘to ea oustlcaIR/
detecteg;gturing pump operation. In fact, to enhance such recognition,
applications may be run that tend to avoid natural opet frequencies that

may ovélfep with:fnbqlienciesiothérwisereflesiivel ofaamsthhealthy @i pump
condition. Furthermore, many other changes, modifications, and
substittHfEEE nYA{] e E eNTERDURERFErting fremahigcdipépfithes outside noise
described embodiments. CLAIMS We Claim: A method of monitoring
integri%/ociﬁ ABUD ALl M TERtHBA EbMpTsIHE OPEFAtE thapgmpnates
assempivs WRSTRIL NS PHIDRARRATONG .3 PAPINE A asEment B Bronitor i

assembly; recording timing information relative to’said opera
monitQF}HBQiMQ@iHQQ(ﬁﬁ:@tﬁ@ﬁmﬁoﬂi&m@g B@ﬂeotvmﬁ)lﬁsﬁm% that other pumps be

sampling acoustic data with a high speed acquisition echamsm of the

pump assembly;salphntially different speeds or constant rates of speed. Thus, there is no
need to placce undue loads on certain pumps of a multi-pump operation in order to
acoustically monitor the operating health of cach pump. Furthermore, the pump
integrity monitor is operated in such a manner so as to dramatically increase processing
capacity by elimination of FFT conversion requirements and to shorten time for
diagnosis of the health of the pump. Thus, the practical effectiveness of acoustic
diagnostics of an operating 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 cmbodiments arc possible.  For cxample, 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 (ie. 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 emploved to handle time-

21 -



evaluating the acoustic data based upon the timing information. The
method of claim | wherein said sampling occurs at a rate of more than
abhout@oe 069 samples of the acoustic data per second. 3. The-maihptssio9s
of claim 2 wherein the high speed acquisition mechanism is a high speed
acquisition board of a pump integrity monitor for said recording, said

sampling and said evaluating. 4. The method of claim 1 wherein said
evaluating further comprises distinguishing acoustic data that represents a
health)(ﬁ;_)g@p {a_ssembly condltlgt{%] fro 533({:1%ustlc data that represents an

i et - v Ao P ) > ¢ , o
unhealthy ptimp assembly conditions 57156 ATEHTBH Bt cfhinis WiRkRsifnat time

the un %@«L@%C%Qm@!?d%@ §@@9&ggﬂ-9i59@ Sa?tf—: PUTR, m&lt'imﬁfe@hmﬁ?&% rr:émpleyed

crankshaft bearings, a transmission, a pump valve seal, valve spring,
crossheailsy pohyddsi:ana:pistomaperatioa:eithe pump assembly. 6.

The method of claim 4 wherein said distinguishing is achieved with
referent®fo a vibradibiosighdtefrebopre-progrdmmedbintoal pyot eskordofotie pump
pump integrity monitor, 7. The method of claim | wherein said recording
further CSRHBF SRS RBARBTINECA PBRIBGH of hiliolrEy hartartmedpirmpl sub-dovices
assemply., 8. The method of.claim 7 wherein said monitoring is achieved

i 8 T e o AT O G LA covces may

asse ”M)émp%y-gh‘Q}Imﬁﬁh%&faﬁ@ims%MEJ ﬁ!ﬂt%@ig:%% @HE&%%@P%{%‘J&E’% while

assembly is at a given
still within a single frame, and portable device implementation may be employed.
{0057} Further additional features may be provided for employing the pump
integrity monitor described herein such as pre-programming of the pump integrity
monitor with a varicty of vibration signatures to enhance pattern recognition for the
types of problems likely to be acoustically detected during pump operation. In fact, to
enhance such recognition, applications may be run that tend to avoid natural operating
frequengies that may overlap with frequencies otherwise reflective of an unkhcalthy
pump condition. Furthermore, many other changes, modifications, and substitutions

may be made without departing from the scope of the described embodiments.
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speed, said sampling occurring at a rate based on the given speed. 10. A
method of monitoring integrity of a pump assembly, the method
comprising: operating the pump assembly; monitoring a speed of said
copgrating and tracking a position of a moving part of the pump assembly,
wherein the pump assembly is a positive displacement pump assembly
and the moving part is a plunger, said monitoring achieved with an index
Waeilgoncoupled to a plunger housing of the pump assembly, the plunger
| housing.toRecamMAdat.thePIHRge HhePlwagrinaing A LPlahprising:
detectable by this index sensor; sampling acoustic data from the pum
asserBiy 4t PAR BASEN B the SeBd "aRy™P a%émxatﬁﬁ@fﬁﬁ@‘fé&awﬁﬁemem
pdagasamdistinguishing acoustic data that represents a healthy pump
assemhly gandition from.aseustic, fata that ISRresents AnBNeRIY AHMRr »
assembly condition. 11. The method of claim 10 wheérein the unhealthy
regtefitioneie ebigitits ot ne of pump mounts, a plunger, crankshaft
bearingsp Ry aBSMIBSIOn, diPWPRVaheiseqhiialvenspings Sreasheass,
aSB‘%QX{deﬁaand piston operation of the pump assembly. The method of
craim 18" Wherein said pump assembly includes a crankshaft for rotation
during ‘saietopébatipessaidesabapstihepocturting at i vaelohbetween about
50 and about 5,000 samples of the acoustic data per rotation. 13. The

methqd of claim 10 wherein said monitoring further comprises tracking a
2.p 0 SltlgﬂedP%[ﬁ%%eliﬁéaﬁa \g?}{rﬁcénpﬁi Baggjéré%swms at & rate of more t%an gﬁout

100,000 samples of the acoustic data per second.

3. The method of claim 2 wherein the high speed acquisition mechanism is a high speed
acquisition board of a pump integrity monitor for said recording, said sampling and said

evaluating.

4, The method of claim | wherein said evaluating further comprises distinguishing
acoustic data thai represents a healthy pump assembly condition from acoustic data that

represents an unhealthy pump assembly condition.

5. The method of claim 4 wherein the unhealthy condition is a condition of one of pump
mounts, a plunger, crankshaft bearings, a transmission, a pump valve seal, valve spring,

crossheads, pony rods, and piston operation of the pump assembly.

6. The method of claim 4 wherein said distinguishing is achieved with reference to a

vibration signature pre-programmed into a processor of the pump integrity monitor.

7. The method of claim 1 wherein said recording further comprises monitoring a postion

of a moving part of the pump assembly.

8. The method of claim 7 wherein said monitoring is achieved with a speed sensor

coupled to a driveline mechanism of the pump assembly.



14. The method of claim 13 wherein the pump assembly is a positive
displacement pump assembly and the moving part is a plunger, said
monitoring achieved with an index sensor coupled to a plunger housing of

9the pumpPrasseMBlyathe Riubgar housiegdaaacasmadatedinsplunges: the
C{;‘ger havm a collar detectablle by the index sens r. 15. The method of

S MRRHL PS80 A it BECL WHRGEH

"BECUIS Without pert orming a discrete
Fourier Transform conversion. 16 The method of claim 10 wherein said

1@ valuating fuither, GomRHSe S AnAYHNG 9%!%&9191@‘4}{@J{&ﬂ&’@%{ﬁﬁlsm
between about 100 Hz and about 600 KHz he method of claim 10

wherdiRFEsiteelaRE G SEIs as the speed varies. 18. The method of
C|aim1ﬁ@1%ﬂﬂﬂf§iﬂsﬂ€keddjﬁtmg aishiinig dsachiened withsreferenoedara part of the
Jum ra’éls,%g“i Iilélirr.,emlgadelgnm%%q%l r% gs}(%)rm f\ggp Y mgeiqgln ”B{n Lt 9[,1];95“(1 the
monlt fing, sai pling’and said evaluatin of

m@r\aim %wr@e\r@mﬁéad@smgﬁ%ﬁmg@bfed%iawﬁaftlwm@s@ﬁf@&m}é%y@ BURtHpeer
hASHRNblYCOnRIioRInEides frREEENIZING pRiSR Daseeion thepspeed the plunger
having a collar detectable by this index sensor;
sampling acoustic data from the pump assembly at a rate based on the speed; and
evaluating the acoustic data for distinguishing acoustic data that represents a healthy
pump assembly condition from acoustic data that represents an unhealthy pump assembly

condition.

11. The method of claim 10 wherein the unhealthy condition is a condition of one of pump
mounts, a plunger, crankshaft bearings, a transmission, a pump valve seal, valve spring,

crossheads, ponyrods, and piston operation of the pump assembly.

i2. The method of claim 10 wherein said pump assembly includes a crankshaft for rotation
during said operating, said sampling occurring at a rate of between about 50 and about 5,000

samples of the acoustic data per rotation.

13, The method of claim 10 wherein said monitoring further comprises tracking a position

of a moving part of the pump assembly.

14. The method of claim 13 wherein the pump assembly is a positive displacement pump
assembly and the moving part is a plunger, said monitoring achieved with an index sensor
coupled to a plunger housing of the pump assembly, the plunger housing to accommodate the

plunger, the plunger having a collar detectabie by the index sensor.

I5. The method of ctaim 10 wherein said evaluating cccurs without performing a discrete

Fourier Transform conversion.

16. The method of claim 10 wherein said evaluating further comprises analyzing acoustic

data in frequencies between about 100 Hz and about 600 KHz.
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20. The method of claim 10 wherein said sampling occurs at a rate of
more than about 100,000 samples of the acoustic data per second. 4The
method of claim 10 wherein said sampling takes place at one of a

1eonstant sampling £ale a0dvacvartable Ssampling rales a2d A RUMB iRtegrity
monitor comprising: a processor; a speed sensor coupled to said

processor for monitoring a speed of an operating pump assembly, wherein
I §he spdedsénsoriisione! fvdrirddx sensgn ahd @ proximitlyvewitekiforce to a

VITAEKING 3 ROSIYONIOT AMOYINGRAILLIRG PUMPLARSEINNY: for saft SHANR,
sensor coupled to said processor for sampling harmonic data from the
sl AP R ESeRB R de Y88 Wased upon the speed, wherein said first data

sensor is one of an acoustic sensor coupled to the operating pump and a

1 Pressire H{@t%%g %?%Ea%%ﬂ%l% 1%}%1% ﬂ":%l f“lr;l}emfnosrhgl? tggl“vcl A {Llllé{qc%lijc@ ngsdal?lgalthy
the operating pump; an a sec_:qnds ata serisor that IS one of the

PHEBASHESENEBI T theyskssstreniratseRitebatrdrmdhtciigth from each of
the first and second data sensor to be simultaneously analyzed and

,gorelsieds 23, The,pump inteqrity monitor,of laim 22 wherein seid spced
Sensor IS one of an hdex sensor and a proximity switch for tracking a
HBuditionnofles wiobingr paticofahepumprdssembly.

21, The method of claim 10 wherein said sampling takes place at one of a constant

sampling rate and a variable sampling rate.

22. A pump integrity monitor comprising:

a processor;

a speed sensor coupled to said processor for monitoring a speed of an operating pump
assembly, whereim the speed sensor is one of an index sensor and a proximity switch for
tracking a position of a moving part of the pump assembly;

a tirst data sensor coupled to said processor for sampling harmonic data from the pump
assembly at a rate based upon the speed, wherein said first data sensor is one of an acoustic
sensor coupled to the operating pump and a pressure transducer coupled to a fluid iine for
receiving fluid pumped by the operating pump; and

a second data sensor that is one of the acoustic sensor and the pressure transducer,
harmonic data from each of the first and second data sensor to be simultaneously analyzed and

correlated.,

23. The pump integrity monitor of claim 22 wherein said speed sensor is one of an index

sensor and a proximity switch for tracking a position of a moving part of the pump assembly.

24. A pump assembly comprising:

a pump;
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24. A pump assembly comprising: a pump; an engine for driving
operation of said pump; a transmission coupled to said pump and said
engine for directing the driving; and a platform securing said engine,
said transmission, said pump and said pump integrity monitor thereto;

a pum mte @é onitor havin peed sensor coupled to said pump for

momt‘éh‘?ib’ e dl J %ab Fatidh thereof; and  an acoustic
sensercoaplet to Seidggumiz ithtegritymheniten foresamiplngracbe dtic datand

at a rate DASRAURON ShaisRAEH 234 AHEERLTR, 25RE ALY SRMBHSINGL inwerity
monitor thereto;
a pump integrity monitor having a speed sensor coupled 1o said pump for momioring a
speed thereof during operation thereof; and
an acoustic sensor coupled to said pump integrity monitor for sampling acoustic data at

a rate based upon the speed.

25. A multi-pump assembly comprising:
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a first pump assembly having a first pump integrity monitor with a speed

sensor coupled to a pump of said first pump assembly for monitoring a

speed thereof and an acoustic sensor for sampling acoustic data at a rate

based on the speed; a second pump assembly having a second

pump integrity monitor with a speed sensor coupled to a pump of said

secorftl BURMPRSEEHBNY 16 HibRitTiRg Bt a8 ANl ah Bus ST
ceansbrfopsamplingddcousticdataraltia fatebasedon thedspeadf antlan acaastic
<SP MAnoldinduid sammupication, withsaid. first pump assembly

and said second pump assembly, wherein the first pump integrity monitor
is corffitfiiPad "Bl eipHE MBSk dStaNEPEENa MsEImBaSs SR sart sensor
cEpidERCONMMpUNRINtRGFItY menitatdsnomfiguedda decipharrasousticidata
ac%fugt%dse%%gsgl%g J?)H’l%‘lg'%%g&ggclydata at a rate based on the speed; and
a common manifold in fiuid communication with said first pump assembly and said
second pump assembly, wherein the first pump integrity monitor is configured to decipher
acoustic data of said first pump assembly and said second pump integrity monitor is configured

to decipher acoustic data of said second pump assembly.
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