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Tool for unitary removal of engine cylinder liner, piston and rod.

To service an engine (10), it is frequently determined that
a cylinder liner (16} and piston (26) must be replaced.
Removal is difficult and time consuming if the piston (26) is
first removed through the liner (16) and the liner (16) is then
grasped from beiow and pulled from the block (14). A tool
(12) is inserted into a bore (18) of the liner (16} and expanded
into a frictional fit against the liner (16). The tool has a
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mandrel {60) and a driver {82) which can be driven into the -
mandrel to expand it. A cap (78) is positionable on one end of
the mandrel. A force is applied on the tool (12) to forcibly
move the liner (16). The piston (26) and associated rings (22)
and rod (24) are held in place in the liner {16) by a partial
vacuum for removal with the liner (16) as a complete unit
(58).

4

()

. Fig 3.

N

Z !@

52 ‘54

Croydon Printing Company Ltd.



10

15

20

25

30

35

-1 - 0197563
Caterpillar Tractor Co. 90/2624/02

TOOL_ FOR UNITARY REMOVAL OF ENGINE
CYLINDER LINER, PISTON AND ROD,

. The invention relates to removal of a cylinder
liner, piston, ring and rod from an engine, and more
particularly the invention relates to a method of
removing such engine components as a unit.

Internal combustion engines commonly utilize
cylinder liners to define the bores in which the
pistons reciprocate. During operation of the engine,
the combustion process results in a carbon build-up
or wear step near the top of the point of piston
travel in the 1liner. This and other types of wear
usually necessitate replacement of the cylinder
liners and pistons after a period of time. |

Removal of the 1liners, however, is complicated
by an interface fit between the 1liners and the
block. The interference fit 1is established, for
example, by O-rings about the liners and it generally
increases because of the high temperatures and other
conditions of engine  use. Heretofore, a liner
without air inlet ports therethrough has commonly
been removed by inserting a tool down into the bore
which may then be adjusted to grasp the end face of
the 1liner. The 1liner is then pulled from the block
by applying sufficient force on the tool to overcome
any interference fit,

~ A disadvantage of this practice 1is that the
piston must first be removed through the ‘top of the
associated cylinder 1liner so that the toollmay be
inserted in the liner. Performing these individual
steps is inconvenient and time chsuming;b
particularly where the carbon build-up or wear step
is pronounced and must first be removed by finding
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in order to the slide the piston out of the bore.

' GB-A-503261 discloses the removal of liner,
piston and connecting rod together. In two cycle
engines where the liners have an inlet port, it is
known to insert into the liner a tool which has a rod
with two ends. Each of the ends are positioned in
opposite ports in the 1liner, and the engine rotated
to urge the associated piston against the: rod for
dislocating the 1liner. This practice is described in
US-A-3805359. US-A-945104 shows another such tool in
which an impact device 1is slidable on the tool to
strike an anvil and break the liner loose. A tool is
inserted in the bore of the cylinder liner. A force
is applied on said tool, whereby said tool and said
liner are moved relative to the engine block. The
cylinder liner and the piston are removed from said
engine block as a unit. It will be noted, however,
that this type of removal practice still regquires
separate steps to remove the piston and rod. .

The present invention is directed to a tool for
use in a method overcoming one or more of the above
problems.

In our application 83903719.9 we disclose a
method for removing a cylinder 1liner, piston, ring
and rod as a unit from an engine block. The method
includes inserting a tool in the bore of the liner,
expanding the tool against the liner and establishing
frictional contact between the tool and liner. The
method further includes applying a force on the tool
and moving the tool with the liner relative to the
engine block, establishing at least a partial vacuum
in the 1liner above the piston, and then removing as a
unit the liner with the piston, ring and rod.

In another aspect of that invention, the method
includes inserting a tool having a driver and mandrel
in the bore of the c¢ylinder 1liner and moving the
piston against and urging the driver into an
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aperture of the mandrel. The method further includes
applying a force on the mandrel in the direction of
piston travel and diametrically expanding the mandrel
into frictional engagement with the liner in response
to the driver being urged into the mandrel, and
moving the tool with the liner relative to the engine
block. At least a partial vacuum is established in
the liner above the piston, and the 1liner together
with the associated piston, ring and rod are removed
as a unit,

According to the present invention there is
provided a tool for inserting into and frictionally
engaging a cylinder liner for removal of said
cylinder liner from an engine block in response to a
force applied on said tool, comprising:

a mandrel having a circumferential wall, first
and second ends and a plurality of slots, said
circumferential wall having an outer surface defining

the diameter of said mandrel and a tapered inner: =~ .

surface defining an aperture opening -on said first
end and being divided into segments by said slots;

a driver having a base; a body portion} and an
opening extending therethrough, said body portion
having tapered walls extending from said base and
being insertable into said aperture and movable to
succeeding positions at which said tapered walls
increasingly forcibly urge against said tapered inner
surface of said mandrel and said outer surface
defines a correspondingly 1larger diameter, said base
extending across said first and of said mandrel when
said driver is inserted in said mandrel;

a cap having an opening therethrough and being
positionable on said second end of said mandrel; and

means for applying a force on said driver for
moving said driver to a preselected first position in
said aperture of said mandrel, said means including a
threaded rod positionable through said aperture and
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said openings in said cap and driver.

The cylinder liner, piston and other associated
components are removed as a unit to simplify engine
repair work. Removal as a unit obviates separate
operations which involve first removing the piston
through the liner and then insertion of a tool to
grab the underside of the liner in order to pull the
liner out of the block.
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which includes a wrist pin 34. The rod is connected to
a crankshaft 37 by use of a rod cap 38. The engine
head (not shown) fits over the top surface 35 of the
block 14. The construction and operation of such
engines are understood in the art and will not be
further explained. _

Referring now particularly to Figs. 3 and 4,
an embodiment of a tool 12 which may be employed to
remove a cylinder liner, piston with one or more rings,
and rod in their assembled or operational relationship
is shown. The tool is diametrically adjustable such
that it can be inserted into the cylinder bore 18 even
where a carbon build-up or wear step is present on the
liner 16. The tool has two segments 40 which may be
described as single-tapered collets with slots 42 such
as are often used to make chucks for holding workpieces
during machining operations. The segments are
constructed of metal with the slots filled or sealed
with an elastomeric or plastic material identified by 1i{ :
reference numeral 44. Two tapered arbors 46 are -
receivable in tapered openings 47 in the segments 40.
The arbors are of metal construction and each may be

slotted to receive a key for engagement with a slot in »sl,

LY
n

its respective segment. A bolt 48 is positionable
through openings in the segments and arbors. One of
the arbors is counterbored to receive the bolt head
(see Figs. 1 and 2). The bolt is also positionable
through openings in a spacer 50 and oversized washer 52
and is at one end threadably engageable with a nut 54.
It will be seen that when the tool is assembled and the
nut is turned relative to the bolt, the tapered arbors '
will be urged further into their respective tapered
openings causing the segments to expand diametrically.
The tool 12 of Figs. 3 and 4 is shown in Figs.
1 and '2 to, as later described, illustrate removal from
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the engine 10 of a unit 58 defined to include the
cylinder liner 16, piston 26, rings 2B and rod 32
assembled together in their operational relationship.

Another embodiment of tool 12 is shown in
Figs. 5 and 6. That tool has a mandrel 60 with a
circumferential wall 62. The circumferential wall 62
has an outer surface 64 defining a diameter of the
mandrel and an inner surface 66, at least partly
tapered, defining an aperture 68. The aperture is
shown opening on first and second ends 69,70 of the
mandrel. The mandrel also has a plurality of slots 72
dividing the circumferential wall into segments 74 such
that diametrical expansion of the mandrel tends to
occur in response to forces exerted on the inner
surface. The slots preferably are symmetrically !
located and extend substantially the length of the
mandrel so expansion will be essentially uniform. The
mandrel also desirably has its outer surface and second
end covered with a flexible, preferably elastomeric,
cover 76. A cap 78 having an opening 80 therethrough e
is also positionable on the second end of the mandrel.
The tool 12 further has a driver 82 which has
a bease 84 and a2 body portion 86 with tapered walls 88.
The tapered walls extend from the base and define &
frusto-conical shzpe. The body portion is insertable
into the aperture 68 from the first end 69 of the
mandrel 60. The driver also has an opening %0
therethrough which is at least partly threaded. The
base of the driver extends across the first end of the

-~na

mandrel when the body portion is positioned in the
mandrel.

Means 94 is provided for applying a force on
the driver 82 for moving the driver, once inserted into
the mandrel 60, to a preselected position in the
aperture 68 at which the body portion 86 urges against
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the inner surface 66 tending to enlarge the diameter of
the mandrel. The means includes a threaded rod 96 with
a nut 98 and a threaded portion 100 which engages with
the threaded portion of opening 90 of the driver so
that the driver may be "pulled"™ into position in the
mandrel by progressively tightening the nut against the
cap. It will be seen that the body portion is movable
to succeeding positions in the aperture because the
tapered wall of the body portion will slide along the
tapered inner surface 66 defining the aperture when
sufficient force is applied to the driver. At each
succeeding position the tapered walls of the body
portion will increasingly forcibly urge against_the
inner surface tending to define a larger diameter of ‘
the mandrel. ‘

A tool 12 such as illustrated is inserted into )
the cylinder bore 18 and expanded against the inner -
walls of the cylinder liner 16 (Fig. l1). Expansion .
establishes a frictional fit or contact between the \cl
cylinder liner and the outer surface of the tool. ¥or
example, with the tool of Figs. 3 and 4, the bolt 48 is
adjusted to establish frictional forces between the
tool and liner greater than those of the fit of the ¢
liner in the bore 18. The tool of Fig. 5 also ¢
facilitates this practice by adjustment of the nut 98.
Uniform diametrical expansion and metal-rubber
construction, characteristics of the illustrated tools,
substantially eliminate damage to the liner. A force
is subsequently applied on the tool in a longitudinal
or axial direction relative to the liner. Because of
the frictional fit of the tool with the 1iner} )
sufficient force on the tool "breaks" the interference
fit and the liner will move with the tool from its
position in the engine block 14 (Fig. 2). The liner is
thus removable from the block.
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Sufficient force for removal may be applied to
the tool 12 by moving the piston 26 in the bore 18 and
engaging the piston with and urging it against the
bottom of the tool. The piston is moved by rotating
the crankshaft 37 with, for example, an engine turning
tool which engages the flywheel in much the same
fashion as the engine starter pinion. The force on the
tool 12 may also be applied on the top of either of the
described tools such as by positioning a bar across and
spaced from the top of the tool. The bar, for example,
may be supported by spacers resting on the top surface
35 of the block 14. For the tool of Fig. 3, a rod
passes through an opening in the bar with one end
attached to the tool and the other end threadably
engaged by a nut. The nut may be adjusted working
against the bar to raise the rod thereby applying a
l1ifting force to the tool. For the tool of Fig. 5, the
threaded rod 96 passes through the bar. &n additional
nut is tightened against the cap 78 to hold the
threaded portion in place in the driver while nut 98 is
adjusted to provide the iifting force. Other devices
may also be used.

The tool 12 of Figs. 5 and 6 also facilitates
removing the unit 58 by using movement of the piston 26
to provide both the force for removal znd the force for
expansion of the tool. At the outset, the mandrel 60
need only be held against movemant in the cylinder
liner 16 with sufficient force to resist the tendency
cf the mandrel to slide iq the liner as the piston
initially moves against the driver. This force may be
established, for example, by use of the threaded rod 926
and nut 98 to diametrically expand the mandrel to a '
preselected frictional engagement with the liner.
Thereafter, further piston movement progressively urges
the driver into the mandrel to succeeding positions,
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and the mandrel is expanded diametrically thereby
increasing the frictional force holding the tool in the
liner. Simultaneously, a force is also increzesingly
exerted on the tool in the direction of piston travel
until the liner breaks loose in the bore 18. For the
above purpose, it is expected that the relative
tapering configurations and other aspects of the
mandrel and driver can be established by one skilled in
the art. Normally, the base 84 against which the
piston urges should be as large as possible to spread
out the forces applied.

For the engine 10 shown, movement of the tool
12 and liner 16 by the piston 26 or other device
applyving the force need be only that sufficient to
break the interference fit of the O-rings 20. 1In other
engine configurations more tool-liner movement may be
desirable or necessary depending upon the nature of the
interference fit of the liner and engine block 14.

At least a partial vacuum is to be estazblished
in the liner 16 above the top surface 27 of the piston
26 to maintain the unit 58 intact for and during
removal. The tool 12 may be used throughout removal as
an air-tight covering with the vacuum being esteblished
in the liner between the tool and piston. &s an
example, expanding the tools shown also estzbliches an
air-tight fit or contact between the tool ané liner to
facilitate forming the vacuum. Alternately, the tool
may be removed to be used on other cylinders or endgdines
with a cap being put in place on the top of the liner
to act as the air-tight covering. The cap, for
example, may be a plastic plug which simply fits snugly
into the bore 18 and "seals" against the liner's inner
surface. The vacuum is established between the plug
and the piston.
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Experience has shown that conditions for
generating sufficient vacuum may be established by
having the piston 26 in contact or closely adjacent the
tool 12 or cap prior to lifting the liner £from the
block 14 (See Fig. 2). The vacuum is established from
the tendency of the piston to move downwardly when the
liner is lifted with the piston, rings 28 and
interconnected rod 32 unsupported.

It should be understood that the disclosed
method may be practiced with additional steps, and that
the order of steps may be varied as evident from the

discussion herein, without departing from the invention.

It is believed removal of the unit 58 from the
engine block 14 is sufficiently clear from the above.
However, a brief discussion follows so that one may
more fully appreciate the advantages of'servicing an
engine in the disclosed manner.

Initially, with the head of the engine 10
removed, it is desirable and may even be necessary to
rotate the crankshaft 37 énd position the piston 26 at
a desired travel point in the cylinder bore 18 to
facilitate positioning the tool and completing the
removal process. The tool 12 is inserted intc the bore
preferably far enough such that it will not be over the
carbon build-up or wear step.

Experience will indicate the desiredé initial
position of the piston for a particular engine and
tool. It is suggested that the piston be positioned
such that, at the time of 1ifting the liner from the
block, it will be adjacent or in contact with the tool
12, or cap if used, to facilitate establishing the
vacuum. Where the piston 26 is to be used to move the

tool 12 and liner 16, its initial position is
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preferably on the upstroke such that it will be
adjacent or in contact with the tool. This minimizes
the resistance to piston movement ﬁrom air trapped by
the tool in bore 18 which must leak past the rings.
One practice which works well is to insert the tool in
the cylinder bore 18 and rest it on the piston. For
the tool of Fig. 3, the bottom Segment 40 would rest on
the piston, while for the tool of Fig. 5, the base 84
of the driver 82 would rest thereoh.  This permits one
to simply rotate the crankshaft 34 to move the piston
and tool to desired positions p;ipr to diametrically
expanding the tool, if necessary, and then to expand
the tool in contact with the pistonAto facilitate the
removal process.

The tool 12 is "expanded" to establish the
frictional fit. The air-tight fit is simultaneously
established without additional "sealing" such that the
tool may be satisfactorily used during the entire
removal process. It may be necessary for sufficient
vacuum, however, to use an O-ring at the heaé of the
bolt 48 in the tool of Fig. 3, or to otherwise prevent
air flow along the bolt. It will be noted that the
bolt head being recessed in the counterbore of the
earbor 46 eliminates piston damage from the bolt head 26
2na holds the bolt from movement during tool
expansion. Also, the arbors 48 being keyed to their
respective segments 40 prevents relative movement
therebetween. In the tool of Fig. 5, the elastomeric
cover 76 performs the function of seazling to establish
the vacuum.

The cylinder liner 16 is next unseated to
break the interference fit by applying sufficient force
to the tool 12 as previously explained. If desired,
the tool may then be removed and used to unseat the

next liner on the engine for which a piston 26 is in
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proper position. & cap is fitted in the freed liner so
that the vacuum may be established for completing
removal. Otherwise, the tool is maintained in place.
Next, the rod cap 38 is removed and the liner or tool
where present grasped to pull the liner free of the
block 14. The oversized washer 52 shown with the tool
of Fig. 3 or the eye portion of the tool of Fig. 5, for
example, is a convenient point at which to connect the
tool being used to an overhead device if needed for
lifting purposes. With the partial vacuum, the piston
26, rings 28 and rod 32 will, without being supported,
move free of the engine 10 together with the liner for
removal as the unit 58 .
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CLAIMS

1. A tool (12) for inserting into and frictionally
engaging a cylinder liner (16) for removal of said
cylinder liner (16) from an engine block (14) in
response to a force applied on said tool (12),
comprising:

a mandrel (60) having a circumferential wall
(62), first and second ends (69,70) and a plurality
of slots (72), said circumferential wall (62) having
an outer surface (64) defining the diameter of said
mandrel (60) and a tapered inner surface (16)
defining an aperture (68) opening on said first end
(69) and being divided into segments (74) by said
slots (72);

a driver (82) having a base (84), a body

portion (86), and an opening (90) extending

therethrough, said body portion (86) having tapered
walls (88) extending from said base (84) and being
insertable into said aperture (68) and movable to
succeeding positions at which said tapered walls (88)
increasingly forcibly urge against said tapered inner
surface (66) of said mandrel (60) and said outer -
surface (64) defines a correspondingly larger
diameter, said base (84) extending across said first
and (69) of said mandrel (60) when said driver (82)
is inserted in said mandrel (60);

a cap (78) having an opening (86) therethrough
and being positionable on said second end (70) of
said mandrel (60); and

means (94) for applying a force on said driver
(82) for moving said driver (82) to a preselected
first position in said aperture (68) of said mandrel
(60), said means (94) including a threaded rod (96)
positionable through said aperture (68) and said
openings (86,90) in said cap (78) and driver (82).
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2. The tool (12), as set forth in claim 1, wherein
said opening (90) in said driver (82) is threaded and
said threaded rod (96) has a threaded portion (100)
engageable with said opening (90) and including a nut
(98) engageable with said cap (78).

3.  The tool (12), as set forth in claim 1 or claim
2, including a flexible cover (76) positioned on the
outer surface (64) of said circumferential wall (62)
and said second end (70) of said mandrel (60).
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