1 A high pressure punp for injecting cement m xtures The present
invention relates to a high pressure punp (or jet punp) for injecting
cenment mxtures. Mre particularly, the invention concerns a high
pressure punp with one or nore 5 suction and force plungers usable

indrilling and consolidation processes in order to inject into the
soil, at extrenely high pressure, a first fluid or primary fluid,
gener al | VA hishoiessiare ipiawi faniniseting cathentmnikivesy consol i dating fluid is

generally a binary fluid Consisting of water and cenent. 10 This
fluid is injected into a hole in the soil to be consolidated through
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of increasing_.its nechanical characteristics. Sonetimes it is

possi bl eCP%SOgQ@I%tﬁB?rpi ng systemfor injecting only one of the fluids
descri bed above (e.g. water), in order to treat the soil, to bring
about hydraulic disaggregation or for other purposes known in the
field. THaeerinmratasohddingvituigpissgheedyafbicapiiiuid capsisting of vatep andragnient.
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rates vary froma few hundred liters per mnute to nore
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consequent wear. prohl ens for sone.conponents of .the 25 n. For. a
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pressure punp of a known type for injecting cement mxtures (primar

fluidy, Hareagablefiesteadcd iperegsing ite n@chanieah chaaetadsied Bnrastinaegsit is possible
to use a pumping system for injecting only one of the fluids described above (e.g. water),
in order to treat the soil, to bring about hydraulic disaggregation or for other purposes
known in the field. There is also a known practice of combining with the primary fluids

particular additives to vary some of their characteristics (setting time, plasticity,

20  consistency, strength etc.).

The range of pressures of such pumps runs from 50 to 1000 bars, while the flow rates vary
from a few hundred liters per minute to more than 1000 liters per minute. The cement
makes the mixture abrasive, with consequent wear problems for some components of the

25  pump.

For a better understanding of the state of the art and of the problems relating thereto, a
description will first be given of a high pressure pump of a known type for injecting
cement mixtures (primary fluid), making reference to figure 3 in the attached drawings.
30 The pump makes use of three single-action suction and force plungers like the one
indicated by the number 11. The plunger is sealingly supported and guided in its

reciprocating motion by a sealing device 20, which includes a cylindrical sleeve 21 locked



30 The punp nakes use of three single-action suction and force

pl ungers |ike the one indicated by the nunber 11. The plunger is
sealingly supported and guided in its rgciprocating notion by a
seal i ng device 20, which includes a cylindrical sleeve 21 | ocked 2
by means of a clanmping ring 22 coaxially inside a flanged supporting
bush 23. A closed circuit is fornmed in the sealing device for a
second | WrmM|qui ¢1hmpnl1g(1mg ziécmamﬂbymﬁﬂdaladﬂanged spprdriiggibash 23. A closed
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educe the number and costs for servicing. In fact servicing procedures for replacing the
25  seals is very complex and requires the dismantling of many components. This servicing
procedure can take several hours; if performed simultaneously with replacing the oil, there
would be an enormous simplification of servicing processes and costs would be drastically

reduced.

30 It is an object of the present invention to provide a high pressure pump capable of
achieving an excellent result in terms of reliability and life of the wearing components,

while optimizing servicing and reduce operating costs.



3 This and ot her objects and advantages, which will be better

under stood hereafter, are achieved according to the present invention
by a high pressure punp as defined in aiml. Preferred enbodi nents
of the invention are defined in the dependent clains, the content of
5which is to be considered as an integral and integrating part of the
present description. A description will now be given of a preferred,
but not limting, enbodinent of the invention, making reference to
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cross-sectional view of a sealing gasket for the Ibe?r?rlp of figure 1;
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but not limting enbodi ment, 20 the punp consists of a system having

t hr ed0pl unger §gUENE déh aaéfllaﬁaedacrgéﬁ-sﬁang view jof|2eseapigngasket e thie ungay of
11 is copnected by neans of a connection system 12 (here represented
as a collar jdint, but as a variant it can also be nmade using a
tie-rod or eqtigual vt padighorsntationd vaew ofla pdmp of kenwibgesigrcr ankshaf t
(not shown), by a respective connecting rod (not shown). The body 14
of the punp is integral with a block 15 in which 25 there are forned
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until it whichicthers rorea wespdctive ginglecastine suction and force plunger 11, only one of which

is shown in the drawing. In particular, according to preferred but not limiting embodiment,
20  the pump consists of a system having three plungers, which define a so-called “Triplex
pump”. The plunger 11 is connected, by means of a connection system 12 (here
represented as a collar joint, but as a variant it can also be made using a tie-rod or
equivalent components) to a rod 13 driven by a crankshaft (not shown), by a respective
connecting rod (not shown). The body 14 of the pump is integral with a block 15 in which
25  there are formed pumping chambers 16, one for each plunger. The plunger penetrates into
the pumping chamber through an aperture 17. By means of a known system of valves, the
pumping chamber 16 reduces its volume as a result of the entry of the plunger 11, resulting
in an increase in the pressure of the primary fluid contained therein. When the required
pressure is reached, the valve (not represented) opens the outlet and the pressurized fluid is

30 injected into the pumping line until it reaches the drilling machine.



4 The punp described herein is not to be considered |imted by the
types of fluid with which it operates. In the remainder of the
description and the annexed clains, the term"primary fluid" or

"first fluid" refers to a fluid destined to be pressurized by the
punp and injected into a soil. In the prevailing applications, the
primary fluid will be a m xture containing 5 cenent (for exanple
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orientation allows the seal from the lubrication chamber 26 not to be hermetic towards the

"wet" side, thus allowing a slow and continuous confrolled leakage of lubricating fluid



15 The annul ar chanber 36 is sealed toward the "wet" side by the

first sealing gasket 32 sealing against cenent, while on the opposite
side, facing towards the clanping ring 22, the chanber 36 is seal ed
agai nst the plunger 11 by a second gui ding and seal i ng gasket 37
sealing against the primary fluid, particularly agai nst cenent

m xtures. The second sealing 20 gasket 37 is axially interposed
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and the annul ar. chanber 26 of the lubrication circuit. As shown in
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enl anged, in figure 2, the sealing gasket 37 has an annul ar body 38

from whi protrude internally several anpular reliefs, in this
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annular grooves formed in the internal cylindrical cavity 27 of sleeve 21,
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The second sealing gasket 37, in addition to sealing against the cooling water, also serves
as a guide element for the plunger 11, and therefore its shape and the material from which
it is made are chosen appropriately to resist high specific pressures. In a variant (not
shown), the second sealing gasket 37 can also incorporate the functions of the sealing
30  gasket 29 and therefore the latter can be omitted. In this case the sealing gasket 37 directly

delimits the annular chamber 26 of the second lubrication fluid, also performing sealing



coming fromthe | eakage of sealing gasket 29 to be appropriated. This
occurs because of the conpartnent identified between the two
contiguous reliefs on which the specific pressure, necessary for
guiding, is very high, unlike that which is generated in the cavities
25 which is very Iow and which will favor the accumnul ati on of

| ubricating fluid. The accunul ation of |ubricant helps to increase
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enpty al so._enahl e i spersal of the heat due to the friction between
the | nt ePREIERYPI AR ing (hemlingepPisiRd Ir el f ef s 40 and 41, the |ip 39
and the outer surface of the plunger 11. In a less preferred variant
(not shown), there may be only one of the two reliefs 30 40, 41, or,
in a furtAsat reemrocutes, the pbmgenhly moeentmtecerhamaxialty refrattedpesitial ((efls. lef m
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and the friction on the first frontal sealing gasket 32, whose '
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side on ragépf 1:3 bé‘tﬁo?ﬂ%a%?laf&%a gsféaﬁ .normal apex whi ch can be
found on profriTes w a triangular-section, ensures that the plunger
11 is correctly guided. The cylindrical inner surface of reliefs 40,
41 can contain_ 5 furrows or grooves suitable for allow ng the
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the function to a seal "agal nst cenent.
suitable for sliding against the plunger 11. A sealing lip 39, of a generally truncated-

conical shape, projects obliquely towards the wet axial side of the pump and radially
towards the plunger. Two annular reliefs 40, 41, axially spaced apart from one another,
15  project in radially internal directions, and preferably each terminate with a respective
radially internal cylindrical surface suitable for guiding and stabilizing the plunger 11. The
sealing lip 39 is located closer to the pumping chamber 16, while the annular reliefs 40, 41

are farther from the pumping chamber.

20 The compartments or cavities formed between the two annular reliefs 40, 41 and between
the relief 41 and the lip 39, and open towards the plunger 11, allow lubricating fluid
coming from the leakage of sealing gasket 29 to be appropriated. This occurs because of
the compartment identified between the two contiguous reliefs on which the specific
pressure, necessary for guiding, is very high, unlike that which is generated in the cavities

25  which is very low and which will favor the accumulation of lubricating fluid. The
accumulation of lubricant helps to increase the life of the sealing gasket 37. The altemation
between full and empty also enables dispersal of the heat due to the friction between the
internal cylindrical surface of the reliefs 40 and 41, the lip 39 and the outer surface of the
plunger 11. In a less preferred variant (not shown), there may be only one of the two reliefs

30 40, 41, or, in a further variant, there may be more than two of these reliefs. In the preferred
embodiment, shown in figure 2 in undeformed condition, the annular reliefs 40, 41 have an

axial section of trapezium shape. The annular reliefs 40, 41 considerably reduce the radial



third cooling fluid (water or other liquid) which circulates in the
chanber 36 also serves to 10 lubricate the second sealing gasket 37
and to further cool the plunger, by dirgect washing. This fluid
therefore has two functions: the principal function of cooling the
seal s, the plunger and the sleeve, and the secondary function of

| ubricating sealing gaskets 32 and 37 which would not be reached by
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30  maintain its functionality because, as a secondary function, it acts as a cement seal. In this

way the cement is prevented from ending up in the oil lubrication system, which allows it

to be isolated and better protected.



the secondary fl uid. Finally, it is possible to set up a suitable
filter on the collection line for the third fluid, this filter, too,
bei ng provided with an overl oad sensor,, which wll give warning when

t he 25concentrati on of contam nant has reached a threshold level. It
wi || be appreciated that a worn condition of the outer sealing gasket
32 is easily detectable fromthe presence of cenent in the third
cooling fluid (or liquid), and that the conbination of the cooling
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Finally, it is possible to set up a suitable filter on the collection line for the third fluid, this

filter, too, being provided with an overload sensor, which will give warning when the

25  concentration of contaminant has reached a threshold level.

It will be appreciated that a worn condition of the outer sealing gasket 32 is easily
detectable from the presence of cement in the third cooling fluid (or liquid), and that the
combination of the cooling circuit with the addition of the second sealing gasket 37 enables
30  a considerable increase in the life of the first outer sealing gasket 32, as it is possible to
circumscribe an isolated volume which can contain cooling fluid and lubricant. Having the

sealing still guaranteed by the second sealing gasket 37, the operator can decide whether to



25 above, however, will provide those skilled in the art with a
convenient outline for the inplenentation of the invention, while it
w Il remain understood that various changes nmay be nade to the
functions and arrangenent of the el enments described in the exenplary
enbodi ments, w thout departing fromthe scope of the invention as
defined in the annexed clains and in their |egal equivalents. For
exanpl e, préveedunipediatly pithmegacnmeatomardged @, dethentdiskingodamage to the plunger

applicatiqns, or t seal in asket .32 al so may have the same. .
b ondar y 31 Bise ik bpr G Eoh S S e R e s (e A e nEoL e
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second production. Finally, it is possible to keep the life and the efficiency of the secondary fluid
seal monitored.
20
Although exemplary embodiments have been set forth in the above detailed description, it
is to be understood that a large number of variants exist. It must also be appreciated that
the illustrated embodiments constitute only examples, and is not to be taken as in any way
limiting of scope, applicability or. the arrangement. The drawings and detailed description
25  above, however, will provide those skilled in the art with a convenient outline for the
implementation of the invention, while it will remain understood that various changes may
be made to the functions and arrangement of the elements described in the exemplary
embodiments, without departing from the scope of the invention as defined in the annexed
claims and in their legal equivalents. For example, the number of plungers may vary
30 depending on applications, or the sealing gasket 32 also may have the same secondary

function of guiding the piston and be conformed in the same manner as the sealing gasket
37.



25(37) gaskets sealing against the first fluid. 2. A punp according
to claim1, characterized in that the second gasket (37) has an
annul ar body (38) from which at |east e main annul ar relief (40,

41) protrudes in a radially inner direction for sliding against the
plunger (11). 30 11 4. A punp according to claim 3, characterized
in that also a sealing lip (3) protrudes fromthe annul ar body (38),
the sealing lip (39) having a subst a@LAEBY truncated cone shape
extending obliquely toward the axially wet side of the punp, so as to
sealingly slide 5against the plunger (11). 5. A punp according to

cl ai m 4, icharac [ ' ] [ b LSy |
Co the pumpng. ClnThes ey for JAfcRRE % Ml potftulidy WIRRLEE GfiRele
are fart lemedfty thepuhg qeomppismg: chanber. 10 6. A punp according to any

of the precedi | ai ms, wherein the annular |ubricating chanber (26)
is de?inited 3£§§$P§GB9mP“§‘%@@%@Hﬁgbe annul ar gaskets (28, 29)

seal i ng agai ngt1chdions S&@de ahll Wirke fRAgorA9)) RAHg AE tePnAd) dHaknbeRe
plunger (11); the punp being charactérized in"that the second gasket
(37) sealing agabling deviee €20) for supppdingremdpehldngly sukiingihet pnnger 13 1) i its

15adj acent ..t Q th al  (,29) for,seal.i .agai nst .t he .second fluid.
Focat od- HeBERFAPE TR, ik A IS ubIFeRe A Dined iR BRI b af ingergt
any of clglinticdl éa@it?(znhﬁlﬁ@@&lﬂhééﬁﬂgbﬁblfﬁb@@lllhe cooling circuit is
associated with at | east one sensor capable of detecting the presence
of th& first flghrisatipgcipepiaior peegoad fbk‘!géhﬂ lubyigatingeciichit cgmpriging an annular

chamber (26) formed in the inner cylindrical cavity (27) of the sleeve around the plunger
(11}
a first sealing gasket (32) providing sealing action against the first fluid, the first
sealing gasket being mounted in the cylindrical cavity (27) at a wet side end of the sleeve
15 (21) at a position axially interposed between the pumping chamber (16) and the first
annular chamber (26);
characterized in that the pump further comprises
a second secaling gasket (37) for guiding the plunger (11) and sealing against the
first fluid, the second sealing gasket being mounted in the cylindrical cavity (27) at a
20  position axially interposed between the first sealing gasket (32) and the annular chamber
(26} of the lubrication circuit, and
a cooling circuit fluid for a third fluid, the cooling circuit comprising a further
annular chamber (36) formed in the hollow cylindrical inner cavity (27) of the sleeve (21)
around the plunger (11) at a position axially interposed between the first (32) and second

25  (37) gaskets sealing against the first fluid.

2. A pump according to claim 1, characterized in that the second gasket (37) has an
annular body (38) from which at least one main annular relief (40, 41) protrudes in a
radially inner direction for sliding against the plunger (11).

30
3. A pump according to claim 2, characterized in that the annular relief (40, 41) ends

with a radially inner cylindrical surface for guiding and stabilizing the plunger (11).



8. A punmp according to claim7, characterized in that the sensor
capabl e of providing a signal indicative of the |evel of

contami nation of cement in the first flyid and the punp is
operatively associated with a data processing unit adapted for
receiving the signal emtted 25by the sensor, detecting that a
predeterm ned adm ssible threshold | evel has been reached, and
generati ng an alarn1signal when the threshold level is reached or

exceeded ac i ng .t aim7 eri ze
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sensors are at least two in nunb apt ed I ndi cating

cont am n&kieafingyodignelyt togiardithe amﬁy AV g af:(ﬂtfr gimp, s© aarfy sstlinglnishde
2 to 3, %E?éﬁﬁ@§@%5§géhpithat the annular reliefs (40, 41) are two in

nunber, om one anot her, and identifying between them
at Ieast one receptacle open towards the plunger. 13. A punp
accordi ng to claim3 or 12, characterized in that the cylindrical

f

surface 10£hBUnp Refording; tarqiam ducharagterized i thah thegseahing 40 (SR isgaeaser!

one of ¢ RIS e BRRRESIRIpE D ACERaY syl IAOK! 6B £1)he biRRE from

the pumping chamber.
10
6. A pump according to any of the preceding claims, wherein the annular lubricating
chamber (26) is delimited axially by two respective annular gaskets (28, 29) sealing against
the second fluid (28, 29) and acting against the plunger (11); the pump being characterized
in that the second gasket (37) sealing against the first fluid and guiding the piston (11) is
15  adjacent to the seal (29) for sealing against the second fluid located closer to the pumping
chamber (16).

7. A pump according to any of claims 2 to 6, characterized in that the cooling circuit
1s associated with at least one sensor capable of detecting the presence of the first fluid, in

20  particular cement, in the third fluid.

8. A pump according to claim 7, characterized in that the sensor capable of providing
a signal indicative of the level of contamination of cement int the first fluid and the pump is
operatively associated with a data processing unit adapted for receiving the signal emitted
25 by the sensor, detecting that a predetermined admissible threshold level has been reached,

and generating an alarm signal when the threshold level is reached or exceeded.

9. A pump according to claim 7, characterized in that the sensor comprises a pressure
sensing device.

30
10. A pump according to claim 7, characterized in that the sensor comprises an optical

device.



14. A punmp according to claim®6, characterized in that the sealing
gasket (29) for the second fluid has a sealing |ip extending toward
the wet side, the sealing |ip being soj;i5configured and arranged as
to allow a control |l ed | eakage of the second fluid thereby |ubricating
t he gasket (37), fromthe side opposite to the wet side. 15. A
punp according to claim 1, characterized in that the second gasket
(37) delimts directly the first annul ar chanber (26) of the second

fluid ang,is $ngned 2RoRnd o SRS maAsERLLAG F5b' A1) AhseAYAl IF tnd e

second fl
sensors are at least two in number, adapted for indicating contamination by cement or oil.

5 12. A pump according to any of claims 2 to 5, characterized in that the annular reliefs
(40, 41) are two in number, axially spaced from one another, and identifying between them

at least one receptacle open towards the plunger.

13. A pump according to claim 3 or 12, characterized in that the cylindrical surface of
10  the inner relief(s) (40, 41) contains grooves configured for allowing the passage of the

second fluid to lubricate at least one of the said reliefs and the sealing lip (39).

14. A pump according to claim 6, characterized in that the sealing gasket (29) for the
second fluid has a sealing lip extending toward the wet side, the sealing lip being so
15 configured and arranged as to allow a controlled leakage of the second fluid thereby

lubricating the gasket (37), from the side opposite to the wet side.

15. A pump according to claim 1, characterized in that the second gasket (37) delimits
directly the first annular chamber (26) of the second fluid and is shaped so as to ensure

20  sealing action also against the second fluid.



