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(54) CYLINDER BARREL

(57)  In accordance with at least one aspect of this
disclosure, a system comprises, a cylinder barrel config-
ured to rotate within a pump housing. In embodiments,
the cylinder barrel includes a main cylindrical body (112),
a center recess (114) defined within the main cylindrical
body (112) configured to seat a drive shaft (106) therein,
and a plurality of bores (116) defined in the main cylin-
drical body (112), extending in an axial direction, wherein

the plurality of bores (116) are spaced apart circumfer-
entially relative to one another about the main cylindrical
body (112) radially outward of the center recess (114).
Each of the plurality of bores (116) are configured to seat
a respective piston (110) therein and allow fluid flow
therethrough. In embodiments, the main cylindrical body
(112) is of silicon nitride.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relatesto pumps, in par-
ticular, cylinder barrels for pumps.

BACKGROUND

[0002] Traditional cylinder barrels, e.g., for piston
pumps, are made of tungsten carbide, which provides
excellent wear resistance in a fuel pump application.
However, tungsten carbide cylinder barrels are also very
dense and heavy, which can be a draw back in certain
applications where the weight of the components must
be carefully considered.

[0003] Thereremainsa need fora highly wear resistant
material which is lighter and/or less dense than traditional
materials. This disclosure provides a solution for this
need.

SUMMARY

[0004] In accordance with at least one aspect of this
disclosure, a system comprises, a cylinder barrel config-
ured to rotate within a pump housing. In embodiments,
the cylinder barrel includes a main cylindrical body, a
center recess defined within the main cylindrical body
configured to seat a drive shaft therein, and a plurality of
bores defined in the main cylindrical body, extending in
an axial direction, wherein the plurality of bores are
spaced apart circumferentially relative to one another
about the main cylindrical body radially outward of the
center recess. Each of the plurality of bores are config-
ured to seat a respective piston therein and allow fluid
flow therethrough. In embodiments, the main cylindrical
body is of silicon nitride.

[0005] Inembodiments, the system can further include
the pump, including each respective piston seated within
the respective bore of the plurality of bores. In embodi-
ments, each respective piston further includes a ring dis-
posed at an end thereof configured to form a hydrody-
namic seal with an inner surface of the respective bore.
In certain embodiments, the ring can be of tool steel. In
certain embodiments, a friction coefficient between the
ring and the inner surface of the respective bore can be
about 0.11.

[0006] In embodiments, the pump can be or can in-
clude a piston pump. In certain embodiments, the piston
pump can be or can include a bent axis variable displace-
ment piston pump. In certain embodiments, the plurality
of bores can include at least 7 bores. In certain embod-
iments, the plurality of bores can include up to 13 bores.
[0007] In accordance with at least one aspect of this
disclosure, a method includes forming a silicon nitride
cylinder barrel of a piston pump, and installing the cylin-
der barrel into the piston pump. In embodiments, forming
the silicon nitride cylinder barrel can furtherinclude, form-
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ing a main cylindrical body, forming a center recess con-
figured to seat a drive shaft therein, forming a plurality of
bores each extending in an axial direction through the
main cylindrical body, the plurality of bores forming a pat-
tern disposed circumferentially about the main cylindrical
body radially outward of the center recess, configured to
seat arespective piston therein and allow fluid flow there-
through.

[0008] The method can further include, operating the
piston pump. In embodiments, during operation of the
piston pump, the plurality of bores can be configured to
remain substantially the same diameter throughout the
life of the cylinder barrel.

[0009] These and other features of the embodiments
of the subject disclosure will become more readily ap-
parentto those skilled in the art from the following detailed
description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So thatthose skilled in the art to which the sub-
ject disclosure appertains will readily understand how to
make and use the devices and methods of the subject
disclosure without undue experimentation, embodiments
thereof will be described in detail herein below with ref-
erence to certain figures, wherein:

Fig. 1 is a schematic cross sectional side elevation
view of a system in accordance with this disclosure,
showing an embodiment of a pump;

Fig. 2 is a perspective view of a cylinder barrel con-
figured to use in the pump of Fig. 1;

Fig. 3 is a bottom up view of the cylinder barrel of
Fig. 2; and

Fig. 4 is a cross sectional side elevation view of the
cylinder barrel of Fig. 2.

DETAILED DESCRIPTION

[0011] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purpos-
es of explanation and illustration, and not limitation, an
illustrative view of an embodiment of a system in accord-
ance with the disclosure is shown in Fig. 1 and is desig-
nated generally by reference character 100. Other em-
bodiments and/or aspects of this disclosure are shown
in Figs. 2-4.

[0012] In accordance with at least one aspect of this
disclosure, e.g., as shown in Fig. 1, a system 100 can
include a pump 102. In embodiments, the pump 102 can
be orinclude a piston pump, and in certain embodiments,
the pump can be or include a bent axis variable displace-
ment piston pump (e.g., shown in Fig. 1). The pump 102
can include, at least, a pump housing 104, a drive shaft
106, a cylinder barrel 108, and a plurality of pistons 110.
The cylinder barrel 108 can be operatively connected to
the drive shaft 106 to rotate within the pump housing 104.
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[0013] With reference now to Figs. 1-4, in embodi-
ments, the cylinder barrel 108 can include a main cylin-
drical body 112 defining a barrel axis. In certain embod-
iments, the main cylindrical body can be formed mono-
lithically. A center recess 114 can be defined within the
main cylindrical body 112 configured to seat the drive
shaft 106 therein, along the barrel axis A. A plurality of
bores 116 can be defined in the main cylindrical body
112, extending in an axial direction through the main cy-
lindrical body 112 (e.g., in a direction parallel to the barrel
axis A). As shown, the plurality of bores 116 can be
spaced apart circumferentially relative to one another
about the main cylindrical body 112, and radially outward
of the center recess 114. Each of the plurality of bores
116 can be configured to seat a respective piston therein
(e.g., piston 110) and allow fluid flow therethrough. Dur-
ing operation of the pump 102, the respective pistons
108 translate axially along the barrel axis A within the
respective bores 116 to selectively change an amount of
flow through the respective bore 116, and ultimately the
total displacement through the pump 102. In certain em-
bodiments, the plurality of bores 116 can include at least
7 bores, forexample, and up to 13 bores. An embodiment
of the cylinder barrel 108 having 9 bores 116 is shown..
Any suitable number of bores 116 is contemplated here-
in.

[0014] In embodiments, each respective piston 110
further includes a piston ring 118 disposed at an end 120
thereof (or integrally formed thereon at an end 120 there-
of) configured to form a hydrodynamic seal with an inner
surface 122 of the respective bore 116. In certain em-
bodiments, the piston 110 can be of tool steel and the
piston ring 118 can be of tool steel. In certain embodi-
ments, only the piston ring 118 is of tool steel. In embod-
iments, the main cylindrical body 108 is entirely of silicon
nitride. A friction coefficient between the piston ring 118
and the inner surface 122 of the respective bore 116 can
be about 0.11 when hydrodynamically lubricated. The
selection of materials for the main cylindrical body 108
and the piston rings 118 (e.g., lubricated silicon nitride
and tool steel, respectively) can allow for about 15% re-
duction in friction coefficient, as compared to a lubricated
tool steel piston ring and a tungsten carbide cylindrical
body (friction coefficient of 0.13), for example. As tung-
sten carbide parts wear, tool steel piston ring and tung-
sten carbide cylindrical body interfaces can become
poorly lubricated and increase in friction coefficient to-
wards unlubricated values of 0.19. Although the wear life
of silicon nitride on tool steel has been shown to be an
order of magnitude higher than tungsten carbide-tool
steel interfaces, as wear occurs between silicon nitride
cylindrical barrels and tool steel piston rings, the friction
coefficient will tend towards an unlubricated value of
about 0.15 (about a 25% decrease compared to the un-
lubricated tungsten carbide-tool steel value of about
0.19).

[0015] In accordance with at least one aspect of this
disclosure, a method can include forming a silicon nitride
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cylinder barrel (e.g., cylinder barrel 108) of a piston pump
(e.g., pump 102), and installing the cylinder barrel into
the piston pump. In embodiments, forming the silicon ni-
tride cylinder barrel can further include, forming a main
cylindrical body (e.g., body 112), forming a center recess
(e.g., recess 114) configured to seat a drive shaft therein,
forming a plurality of bores (e.g., bores 116) each ex-
tending in an axial direction through the main cylindrical
body, the plurality of bores forming a pattern disposed
circumferentially about the main cylindrical body radially
outward of the center recess, configured to seat a re-
spective piston (e.g., piston 110) therein and allow fluid
flow therethrough.

[0016] The method can further include, operating the
piston pump. In embodiments, during operation of the
piston pump, the plurality of bores can be configured to
remain substantially the same diameter throughout the
life of the cylinder barrel, i.e. the bore should remain sub-
stantially the same size due to the silicon nitrides natural
resistance to wear in high friction applications.

[0017] Embodiments provide for a lower density main
cylindrical body, which can reduce the overall weight of
the pump. The silicon nitride cylindrical body is config-
ured to withstand the load demands of the pump. Em-
bodiments having a silicon nitride cylinder barrel are nat-
urally more lubricious based on material and wear prop-
erties silicon nitride derives from its crystal structure. In
combination with its lubricity, engineered versions of sil-
icon nitride can have high strength and high toughness
to survive service conditions and also reduce part deg-
radation which provides slower wearing cylinder barrels
which are rotated or rubbed against mated surfaces. This
can increase the total number service hours of the cylin-
der barrel and even the pump as a whole.

[0018] Those having ordinary skillin the art understand
that any numerical values disclosed herein can be exact
values or can be values within arange. Further, any terms
of approximation (e.g., "about", "approximately",
"around") used in this disclosure can mean the stated
value within a range. For example, in certain embodi-
ments, the range can be within (plus or minus) 20%, or
within 10%, or within 5%, or within 2%, or within any other
suitable percentage or number as appreciated by those
having ordinary skill in the art (e.g., for known tolerance
limits or error ranges).

[0019] The articles "a", "an", and "the" as used herein
and in the appended claims are used herein to refer to
one or to more than one (i.e., to at least one) of the gram-
matical object of the article unless the context clearly
indicates otherwise. By way of example, "an element"
means one element or more than one element.

[0020] The phrase "and/or," asused hereininthe spec-
ification and in the claims, should be understood to mean
"either or both" of the elements so conjoined, i.e., ele-
ments that are conjunctively present in some cases and
disjunctively present in other cases. Multiple elements
listed with "and/or" should be construed in the same fash-
ion, i.e., "one or more" of the elements so conjoined. Oth-
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er elements may optionally be present other than the
elements specifically identified by the "and/or" clause,
whether related or unrelated to those elements specifi-
cally identified. Thus, as a non-limiting example, a refer-
ence to "A and/or B", when used in conjunction with open-
ended language such as "comprising" can refer, in one
embodiment, to Aonly (optionally including elements oth-
er than B); in another embodiment, to B only (optionally
including elements other than A); in yet another embod-
iment, to both A and B (optionally including other ele-
ments); etc.

[0021] As used herein in the specification and in the
claims, "or" should be understood to have the same
meaning as "and/or" as defined above. For example,
when separating items in a list, "or" or "and/or" shall be
interpreted as beinginclusive, i.e., the inclusion of atleast
one, but also including more than one, of a number or
list of elements, and, optionally, additional unlisted items.
Only terms clearly indicated to the contrary, such as "only
one of or"exactly one of," or, when used in the
claims, "consisting of," will refer to the inclusion of exactly
one element of a number or list of elements. In general,
the term "or" as used herein shall only be interpreted as
indicating exclusive alternatives (i.e., "one or the other
but not both") when preceded by terms of exclusivity,
such as "either," "one of," "only one of," or "exactly one
of."

[0022] Any suitable combination(s) of any disclosed
embodiments and/or any suitable portion(s) thereof are
contemplated herein as appreciated by those having or-
dinary skill in the art in view of this disclosure.

[0023] The embodiments of the present disclosure, as
described above and shown in the drawings, provide for
improvement in the art to which they pertain. While the
apparatus and methods of the subject disclosure have
been shown and described, those skilled in the art will
readily appreciate that changes and/or modifications
may be made thereto without departing from the scope
of the subject disclosure.

Claims
1. A system, comprising:

acylinder barrel (108) configured to rotate within
a pump housing (104), the cylinder barrel (104)
including:

a main cylindrical body (112);

a center recess (114) defined within the
main cylindrical body (112) configured to
seat a drive shaft (106) therein; and
aplurality of bores (116) defined in the main
cylindrical body (112), extending in an axial
direction, wherein the plurality of bores
(116) are spaced apart circumferentially rel-
ative to one another about the main cylin-
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drical body (112) radially outward of the
center recess (114), and wherein the plu-
rality of bores (116) are each configured to
seat a respective piston (110) therein and
allow fluid flow therethrough,

wherein the main cylindrical body (112) is of sil-
icon nitride.

2. The system of claim 1, further comprising the pump.

3. The system of claim 2, wherein each respective pis-
ton (110) further includes a ring disposed at an end
thereof configured to form a hydrodynamic seal with
an inner surface of a respective bore.

4. Thesystemofclaim 3, whereintheringis of tool steel.

5. The system of claim 4, wherein a friction coefficient
between the ring and the inner surface of the bore
is about 0.11.

6. The system of claim 2, wherein the pump is or in-
cludes a piston pump (102).

7. Thesystemofclaim6, wherein the piston pump (102)
is or includes a bent axis variable displacement pis-
ton pump.

8. The system of any preceding claim, wherein the plu-
rality of bores (116) includes at least 7 bores.

9. The system of claim 8, wherein the plurality of bores
(116) includes up to 13 bores.

10. A method comprising:

forming a silicon nitride cylinder barrel of a piston
pump (102); and

installing the cylinder barrel into the piston pump
(102).

11. The method of claim 10, wherein forming the silicon
nitride cylinder barrel further includes,

forming a main cylindrical body (112);

forming a center recess (114) configured to seat
a drive shaft (106) therein; and

forming a plurality of bores (116) each extending
in an axial direction through the main cylindrical
body (112), the plurality of bores (116) forming
a pattern disposed circumferentially about the
main cylindrical body (112) radially outward of
the center recess (114), configured to seat a re-
spective piston (110) therein and allow fluid flow
therethrough.

12. The method of claim 11, further comprising, operat-
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ing the piston pump (102).

The method of claim 12, wherein, during operation
of the piston pump (102), the plurality of bores (116)
remain substantially the same diameter throughout
the life of the cylinder barrel.

(]

10

15

20

25

30

35

40

45

50

55



EP 4 390 124 A1

02 100

-,
- - -
7 - -
- ,
< rd rd P
. .7 -
- P
. e PR \
~~ ’/ Pl
- -,
1” ~ -,
T A -,
[ < ~
-,
] -,
e | PR L
Yy
7 - ~
e
-
e ™~

122 NS AR
16~ A
o

Fig. 2



108

Fig. 4

EP 4 390 124 A1

108

7
y e ’,
g v rd
’ s /]
. 4 ’ s
s ’ ’
114 A
rd / e
e ’ ’ il 7
’ 7 7 7 P Vs
// 4 s Ve i
s s 4 7 ‘
v / Vg 7 4
7 Fd // ” A
4 P4 ’
4 A e s /
7
v 4 7/ 4 s
rd 7’ rd V3 A
4 4 /’ 7 ’
4 7’ s 7 Vi
/, // // /’ 7
L Va V4 7z //




10

15

20

25

30

35

40

45

50

55

EP 4 390 124 A1

9

des

Europdisches
Patentamt

European

Patent Office EUROPEAN SEARCH REPORT

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 23 21 1591

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A EP 3 237 754 Al (PARKER HANNIFIN CORP 1-13 INV.
[US]) 1 November 2017 (2017-11-01) F04B1/2035

* paragraphs [0016] - [0023]; figures 1-3
*

JP HO4 211497 A (TOSHIBA CORP) 1
3 August 1992 (1992-08-03)
* the whole document *
US 5 704 272 A (DURAKO JR WILLIAM A [US] 1
ET AL) 6 January 1998 (1998-01-06)
* column 2, line 45 - line 59 *

TECHNICAL FIELDS
SEARCHED  (IPC)

F04B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 7 May 2024 Ziegler, Hans-Jirgen
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A technological background s
O : non-written disclosure & : member of the same patent family, corresponding
P :intermediate document document




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 390 124 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 23 21 1591

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-05-2024
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 3237754 Al 01-11-2017 EP 3237754 A1 01-11-2017
JP 6810032 B2 06-01-2021
JP 2017538885 A 28-12-2017
Us 2017298912 Al 19-10-2017
WO 2016105890 Al 30-06-2016

JP H04211497 A 03-08-1992 NONE

US 5704272 A 06-01-1998 CA 2235809 A1 05-03-1998
CN 1214105 A 14-04-1999%
EP 0920586 Al 09-06-1999
JP 2000517395 A 26-12-2000
KR 199920067032 A 16-08-1999
Us 5704272 A 06-01-1998
WO 9809074 Al 05-03-1998

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




	bibliography
	abstract
	description
	claims
	drawings
	search report

