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The invention relates to a method of making what may for convenience be regarded as friction joints - that Is to say, joints
between the touching surfaces of two parts that are held in contact (by a force as experienced in a light interference, not one
sufficient to cause forging) and that would otherwise move laterally past one another parallel to the touching plane, the method
Involving some minimal initial lateral movement of the two surfaces sufficient to cause some asperity deformation, leading to
welding and shearing under special conditions - the phenomenon of "galling" - but not sufficient to raise the bulk temperature of

against further such motion.
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either to a level where bulk welding will occur. More specifically, the invention provides a method of securing against lateral
motion two bodies (12, 14) held In face-to-face (11, 12) asperity contact, thereby to make a join between the two bodies, in which
method there Is inserted into the interface between the two bodies a material (15) that on minimal initial lateral relative motion of
the two surfaces promotes rapid but controllable "galling” (16) between the two surfaces, this galling binding the surfaces

SRR VNEEEN
R 5. sas ALy
O
A

OPIC - CIPO 191




&8

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

PCI‘ WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

| (51) International Patent Classification S : (11) International Publication Number: WO 91/19589
B23K 20/12 Al (43) International Publication Date: 26 December 1991 (26.12.91)

.’ i ML P
(21) International Application Number: PCT/GB91/00950 | (74) Agent: HOOPER, John, Peter, Lindesay; 5 Haslingfield

Road, Harlton, Cambridge, Cambridgeshire CB3 7ER

(22) International Filing Date: 13 June 1991 (13.06.91) (GB).

(30) Priority data: (81) Designated States: AT (European patent), BE (European
9013331.5 | 14 June 1990 (14.06.90) GB patent), CA, CH (European patent), DE (European pa-
9104408.1 1 March 1991 (01.03.91) GB tent), DK (European patent), ES (European patent), FR

(71) Applicant (for all designated States except US): BALL BUR-
NISHING MACHINE TOOLS LIMITED {GB/GB];
12 Brookmans Avenue, Brookmans Park, Hatfield, Hert- |
fordshire ALY 7QJ (GB).

(European patent), GB (European patent), GR (Euro- |
pean patent), IT (European patent), JP, LU (European
patent), NL (European patent), SE (European patent),
SU, US. |

Published

(72) Inventor; and

(75) Inventor/Applicant (for US only) : LINZELL, Geoffrey, Ro-
bert [GB/GB]; 12 Brookmans Avenue, Brookmans Park,
Hatfield, Hertfordshire AL9 7QJ (GB). |

(54) Title: JOINTS

(57) Abstract

The invention relates to a method of making what may for
convenience be regarded as friction joints - that is to say, joints be-
tween the touching surfaces of two parts that are held in contact (by
a force as experienced in a light interference, not one sufficient to
cause forging) and that would otherwise move laterally past one an-
other paraliel to the touching plane, the method involving some mini-
mal initial lateral movement of the two surfaces sufficient to cause
some asperity deformation, leading to welding and shearing under
special conditions - the phenomenon of “galling” - but not sufficient
to raise the bulk temperature of either to a Ievel where bulk welding
will occur. More specifically, the invention provides a method of sec-
uring against lateral motion two bodies (12, 14) held in face-to-face
(11, 12) asperity contact, thereby to make a join between the two bod-
ies, in which method there is inserted into the interface between the
| two bodies a material (15) that on minimal initial lateral relative mo-

tion of the two surfaces promotes rapid but controilable “galling”

(16) between the two surfaces, this galling binding the surfaces

-against further such motion.
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This invention relates to joints, and concerns in
particular joints in which the bond between two surfaces

ls caused by friction and other intersurface forces
Jamning the two together,

Thare are many ways in which one article can be
Joined (or jointed) to another, and those appropriate
for use in any particular case will generally depend
upon the circumstances. For example, two pieces of wood
can be joined by nails or screws, or by some cunningly
shaped interlocking joint, with or without glue, while

two pleces of metal can be glued, soldered, brazed,
walded, bolted, riveted ... and so on. It is evan

possible to make good joints that are held together
simply by the friction between the two parts. For
instance, the pegs holding the strings of a violin stay
in place purely by friction between the side of each peg
and the side of the hole it is pushed into, and
friction, or "interference", fits of one metal article
onto another are quite common, examples being the
securing of a gear-ring to a fly-wheel, typically as
used in an automobile engine, and of a metal tyre to a
rallway wheel. A friction joint usually has only shear
strength, thus resisting motion in the “"plane" of the
Join (such as might be caused by torsional or push-off
’ forces), and effectively no tensile strength, thus not
resisting pulling forces normal to the join. Indeed,
sSuch joints show no residual tensile strength if the
forces maintaining the two bodies together are removed,

and usually fall apart. Nevertheless, this can be
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perfectly acceptable provided the application, and
spacifically the physical design of the joint itself,
allows for this. Thus, a joint between a rod—- or shaft-
like member and a body fitting, collar—like, around 1it,
as in a violin string peg titting into the hole in the
neck of the violin, is quite satisfactory; the pegs lock
tight against rotation even though they pull out quite
easily.

A type of jJoint that involves friction in its
tormation, though it does not use friction as the
bonding force, is the friction weld, where the two parts
are rubbed repeatedly and rapidly against each other
(typically saveral hundred times in a few seconds) until
the friction between the touching surfaces makes them
hot enough for thelr material to soften and then to mix
when the rubbing 1ls stopped and the two faces are
forced/forged together (with forces. of the order of tons
per square inch (or a few hundred Newtons per square

millimetrel, expelling any contaminated remnants from

the original surfaces) — to cause complete fusion
betwaean the bodies - to give a true weld (molecular
interpenetration) of one part to the other. It is

possible, but not common, to employ some form of
friction promoter - a fine‘abrasive grit such as
carborundum (alumina’> or sand (silica) - between the two
surfaces; once they are heated up, however, the promoter
ls squeezed out as the two surfaces are pushed/forged
together {(again with considerable "upsetting®
deformation) to make the weld itself. A welded joint
made in this way has, like any true weld in which the
material of the two parts has actually intaerpenetrated,
both shear (sideways) and tensile (lengthways) strength,
which may well be an advantage, but suffers from the
considarable disadvantage that the two parts must be

heated to a relatively high temperature, which will
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result in heat—~affectad zones either side of the Jjoint

in which the basic state and physical condition of the
material may be significantly changed.

Another type of matal-to-metal joint involving
friction during formation, but without the generation of
high temperatures within the bulk metal, is the cold
pressurea weld, especially that form thereof known as the
cold pressure shear weld. To produce reliable rasults
with this method, the surfaces must be carefully pre-
conditioned (by wire brush cleaning immediately before
assembly, or preferably nickel plating),

in an ordinary cold pressure weld the two pleces to
e jolined are forged together with a force sufficient to
cause betweaen 30% and 80% surface enlargement at the
interface (as with friction welding, this is several
hundred Newtons per square millimetre?. This sevebaly
disrupts the oxide layer normally covering the surfaces
(see below), allowing the underlying clean, unreacted
metal surfaces then to come into intimate contact under
the still-applied external forging force; they then fuse
together by molecular diffusion, forming a true welded
bond having good tensile strength. In the shear version
there is applied as well slow relative sliding and shear
torcas (these are then discontinued to allow the weld to
take place under the maintained forging force), to give

improved bonds with a reduced degree of deformation.

The present invention relates to a novel, and
axtremely superior, method of making what may for
convenience be raegardad as friction joints - that is to
say, Jjolints between the touching surfaces of two parts
that are held in contact (but not by a force sufficient
to cause forging, as in the above-mentioned cases) and
that would otherwise move laterally past one another |

parallel to the touching plane (and so©o normal to the



WO 91/19589 PCT/(GB91/00950
2083841 R

holding force), the method involving some minimal
initial lateral movement of the two surfaceaes sufficient
to cause some asperifty deformation, welding and shearing
(walding between opposed and touching microprojections)
under special conditions but not sufficient to raise the
bulk temperature of either to a level where bulk welding
will occur. The method, which can result in joints
having as much as S0% of the shear strength (resisting
furthaer lateral movement) of the weaker mataerial of the
two joined bodies, but with tne expenditure of as little
as 5% of the energy necessary to form an actual friction
weld, involves the phenomanon of "“"galling" (as explainad
n@low; the special conditions leaa to extremaly rapild,
even exponential, galling - build~-up of matarial
transfer - and ploughing, so as to form two physically
interlocked arrays each of which is bonded to its
raspactive surface by welds but is not so bonded to the

ot her).

Under the ambient conditions on Earth - an
atmosphere to a large part formed of the highly reactive

gas oxygen — the surfaces of most common metals (such as
iron or aluminium? are covered in an oxide film. When
two chemically similar metal surfaces are rubbed
together, with sufficient force - of the order of a few
tens of Newtons per square millimetre - normal to the
motion so as to hold them in firm contact, it is common
for microwelding shear forces (“friction"?> to occur
between the two as a result of plastic deformation of
the material at asperity contact points (where the oxide
film 1s disrupted) at either or both surface, and for
microscopically small amounts of material from one
surface to be depositaed on the other (if one is of a
relatively soft material, then that is deposited on the
harder), resulting in wear. The rate of this transfer
1s controllied generally by the ability of the surface to

‘‘‘‘‘‘‘
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rapair the camaze tn 1t3 oxide Laver f‘or v tna
interponsition of othear materials, such as lubricants
Wwith chlorine-containing additives to produce chlorides

at the oxide—~-damage site, to act as a tamporary
substitute for the oxide layer). Under most conditions
the situation is self-regulating, and the etfect is to

keep the transfer minimal

The deposits are referred to as “"galls" by analogy
with the biological gall (defined as an abnormal
localized swalling or cutgrowth), and the process of
their creation is known as “galling". It might be
axpected that galling between two adjacent surfaces hela
together would enhance a frictional joint between the
two: what has now been found is that extaensive such
galling can reliably be caused with minimal rubbing
motion of the two surfaces, and under minimal preassure,
and that the “friction joints that are then formed are

axtremely strong in terms of their abllity to withstand

further lateral movement (the coefficient of friction
between the two surfaces can be raised to and controlled
at values of from 0.1 to 5, and even greater)>. More
particularly, it has been found that such joints can
readily, reliably, predictably and controllably be
formaed with the use of an "“"anti-lubricant" - a "éeizure
agent - to cause the two touching (especially metal)d

surfaces to bind together against sliding movement.

In one aspect, therefore, the invention provides a
mathod of securing against lateral motion two bodies
held in face-to—~face asperity contact, thereby to make a

join betwaan the two bodies, in which method thereae is

inserted into the interface between the two bodies a
material that on minimal initial lateral relative motion

of the two surfaces promotes rapid but controllable
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"galling'" between the rwo surfaces, this galling binaing

the surfaces against further such motion.

The term "galling" as usaed haerein refers both to
the formation of visiblae, significant galls as gquite
large quantitiaes of material are transferred from one
surface to the other, and to the formation of visually
lass significant, even microscopic, galls 1n those not
infrequent cases where the amount of material
transferraed is much smallar - albait effective. In a
more gaenaral sense, then, the “"galling" effected in the
method of the invention is, and may be defined as being,
the result of high levels of friction evenly disrupting
the relevant surfaces and causing controlled transfar of
the surface material from one body to the other to
produce an “array" of mechanically meshing recessaes and
protrusions that, as a result of the intimate face-to-

face contact between the two surfaces, couple together

and intarlock to resist further lateral motion.

The invention provides a method of securing two

neld~together bodies to make a join (or joint?. The
bodies are secured against relative lateral motion -
that is, against motion that is in any direction
ganarally parallel to the “plane" of the surfaces at the
contact point, and so is normal, or sideways, to the
forces holding the two together (where, as is discussed
further hereinafter, one body is cylindrical, and fits
in a matching aperture in the other, their two touching
surfaces can be moved laterally relative one to the
other either by sliding the one axially back and forth
in the aperture or by twisting the one around its axis
relative to the other). This method can especially be
appliaed to forming a joint between the two bodies where
the shape of the bodies, and the way in which they

.......
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interact, is such as to hold them togather, and tha need
then is for some way of preventing them sliding relative
to one another sideways to the holding forces (as in the
case of the violin peg; it is pushed into the hole, with
‘1ts sides in contact with the sides of the hole, and the
friction batwaen the two preavents it rotating in the
hole [although as a result of its Laper axial movement
back out of tha hole causes the surfaces to move out of
contact, the constraining forces to vanish, and there
are no longer any lateral-motion-restraining frictional
forcesl). As exemplifiaed in more detail hereinafter,
Joints held together as a rasult of their shape—-derived
interaction are usually of the type (like the violin
peg) where one body is within and surrounded by the
other - they are concantric or axio-symmetric joints -
S0 that the necessary retention of the two bodies
together and in contact is merely a matter of the shape
and design of the joint, coupled with the physical
properties of the bodies. A typical example is that of
a ring—-shapnped member mounted on a shaft, as met in cams

on camshafts, weights on countarbalance shafts,

interconnecting webs in crankshafts, and gear wheels on
gearshatts, or as met in pieces locked together via a
jeining collar, such as two rods or pipes joined by a

connactor ferrule.

Although it will be apparent from what has just
veen said, it is worthwhile noting specifically that the
bodies to be joined by the method of the invention are
haeld together in asperity contact (that is, they are
actually touching, and in face—-to~face contact), but not
with such a force that they are likely to undergo any
significant cold welding. 1In other words, the forcas
involved are merely for retaining the two bodies in the

desired face—-to-face contact, and are not forging forces

""""
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(and so are insufficient to cause any gross deformation

ot aither body).

The method of the invention applies in principle to
bodies of any material if there can be caused galling
betwaen the two; the rasultant strong frictional forcaes
will resist, and even prevent, any further lateral
motion. However, in practice the method, while
notionally applicable to bodies made from materials such
as plastics and ceramics (steel will gall onto alumina
or zirconia ceramic materials), is really baest suited to
bodias made from metal. The metal may be any of the
commonplace metals, such as iron, copbar and aluminium
(and thaeir alloys), as well as the slightly less usual
ones, such as nickel, cobalt and titanium (and their
alloys’>, but whereas pieces made from the same metal can
be bilnded in this manner that is not always so when the
plieces are of different metals. Thus, whilst iron (and
lts common alloys, such as steel) binds acceptably with
aluminium, copper and its alloy (typically, bronze)
binds much less succassfully to other metals (such as
iron and aluminium). Indeed, as noted hereinafter, use
can be made of this to make locating bodies that guide
but do not bind. For the most part, the method of the

S invention seems especially suited to the making of
joints between bodies of iron and its alloys. Thase
alloys will commonly be steels, and both ferritic and

austenitic will bind to themselvaes and to 2ach other.

Where both bodies are formed of materials which are
very hard - such as is the case with some tool steels -

it may be more difficult than normal to carry our the
galling process, for with materials as hard as those the
necessary plastic deformation of the surface material of
at least one of the bodies, the material transferred

thearefrom making galls on the other, will only occur if

.....
--------------
.
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"he hard surface can be suitably conditiconed to accept
the other marerial without causing significant
structural damage to the bulk of the boaies. In such a
case the method of the invention may be effected using
an intermaediata body, of a satisfactorily soft material,
disposed between the two hard bodies like the filling of
a sandwich, so that the one hard body binds to.the
softer intermediate, and the intaermediate binds to the
other hard body - and thus the two bodies efiaectively
bind one to the other.

Viewad another way, the mathod of the invention in
the case of using an intermediatse body is in essence a
two-fold application, where the intermediate is one

body, but is itself binded to two different bodies, one
on either sida.

An intermediate body used in this manner may itself
be of significant dimensions, rather like a chunk of
cheese between two slices of bread, and this has some
valuable applications in cases where, as discussed
further hereinafter, this intermediate body may be a
resarvolir for the gall-promoting agent. Howaver, it
Will often be sufficient merely to have the slightest
layer, possibly no more than a few micrometres thick, of
intermediate material between the two more substantial
bodies that are to be binded, rather like two slices of
bread with little more than a thin film of butter
cetwaen them. In these cases it will normally be
necessary to deposit the layer on the relesvant face of
one or other of the two bodies proper, befora they are
assembled together (any convenient means of chemical or

physical deposition can be employed).

In the method of the invention a material - a gall-
promoting, binding or “seizure" agent - is inserted into

the interface between the two bodies, this material

.......
-------
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oeing one that on minimal initial lateral motion of one
surtace relative to the other causes rapid “galling"
between the two surfaces, resulting in the two seizing
or binding together (the initial galls act as sites for
further transfer of material as the continuing motion
causes their physical disturbance and subsequent
mechanical surface disruption, the whole procaess rapidly
building up in a non—linear, even exponential, fashion).
This is a kaey factor of the invention, and - at least in
So far as 1t applies to metal-to-metal surface sliding -
Stems trom an observation made when investigating
certain so—-called lubricating agents (that is,

materials, such as the mineral oils, intended to raduce
friction betwaen sliding metal surfaces under boundary
lubrication conditions). Most matal lubricants arsa
mineral oils (or derivatives thereof), often with
variocus extreme pressure additives, such as chlorides,
t0 improve their boundary lubrication properties.
Mineral oils are medium molecular weight hydrocarbons.
They are ideal for hydrodynamic use, and although with
additives they can be useful boundary lubricants they
also have considerable limitations in metal forming
operations where large surface deformation exposes
unreacted metal. Accordingly, much research has been
devoted to finding accepntable substitutes. One
particularly interesting class of substitutes has been
that of the silicones, which are polymers of diorganyl
siloxanes (-0-Si(Ry>-), and commonly referred to as

colysiloxanes, the medium molecular weight versions of

which are oils.

Now, some silicone oils - some polysiloxanes - have
oroved useful as lubricants, particularly between
plastics; however, when used on metals, notably iron-
based metals, they have demonstrated a tendency towards

the opposite aeffect. Indeed, it has been noted that
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thase silicone oils when used in small quantities (to
rorm naturally thin films) can in fact result in
predictably increased levels of friction between sliding
metal surfaces, so acting as so-called
‘anti-lubrication" agents - that is, they apoear to have
little or no static or boundary lubrication properties,
and appear instead positively to promote friction-
causing galling. Accordingly, for applying the methoa
of the invention to the binding of two metal surfaces,
there is very preferably employed, as the material
promoting the galling (as the “anti-lubricant®, or
"selizure agent"), a suitable silicone oil. Daetails of
tha chemical nature of the prefarred silicone oils are

given hereinaftar.

The anti-lubricant/seizure agent may itself
directly promote galling, or it may do so indirectly, by
giving rise, under the conditions of use, to a material
that does itself promotes galling. The silicone oils
are believed, when subjected to the heating (chemical)

or shear forces (mechanical) generated by minimal
initial lateral motion (as the various "high'" points on
the two surfaces interact with each other, in asparity
contact’), to break down chemically into a form that

soromotes “galling".

As noted above, the surfaces of most common metals
(such as iron or aluminium) are covered in an oxide
film. However, galling between two metal surfaces is a
phenomanon that appears to occur most easily when the
surfaces being rubbed together are clean, and when the
protaective oxide layer has been disrupted or chemically
weakened. Accordingly, to promote galling it appears
desirable to employ a material that acts to remove any
surface oxide <{(and praferably to stop such a layer

re-forming, perhaps by scavenging f{ree oxygen from the
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environs). It is belimaved that such an oxide-layer-
removal and oxygen-scavenging action is effected by tha
preferred silicone oils. More especially, 1t 1is
believed that the prefarred silicone oils are materials
that break down into products having strong oxXygen-
Scavenging properties, whereby not only are the facing
surfaces of the two metal bodies to ba joined cleaned of
some of any oxide layer thereon but the remaining

material acts as a barrier to delay further oxygen
antering the joint and re—establishing the oxide layer

while the joint-forming process is under way.

The silicone oils suitable for use as the gali-
promoting agent may be one or more of many different
types, and because their properties are not necessarily
the same it may be advantageous to employ a mixturae of
several different oils carefully tailored to have the
\required physical and chemical properties, different
materials possibly being used for different metals or
combinations of metals. Individual polysiloxane olils
may be linear, branched or cyclic molecules (or
combinations) having a wide range of molecular waeights
énd properties, though materials that are liquids and of
relatively low viscosity (about 50 c/s or less, some as
iittle as 10 c/s) are preferred, because they are easier
Lo insert into the interface and appear to be more
effective as gall promoters. Typical examples of such
materials are the medium molecular weight DOl y~-
(dimethyl)siloxanes, especially those materials
commercially available from Dow Corning under the Marks
M5 200, Dow Corning 531 and 536, and Dow Corning 344 and
345, all of which are fully described in the relevant _
Data Sheets. The MS 200 materials, which have many uses
including that of lubricants, are siloxanes of thé

general formula

.........
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Si(Ry>—~(0O-S1lR,) ). ~0-Si (R,)

wherein each R, which may be the same or different, is
nydrogen or an organic radical, typically and alkyl or
aryl group, such as methyl or phenyl, and p is an
integer from 1 to about 2000. The 531 and 536
materials, whose normal use is in pelishes, are amino,
methoxy functional polydimethylsiloxanes (the contained
functional - that is, reactive - amino ana methoxy
groups cause the materials to bond chemically to the
surfaces to which they are applied, and to polymerise
further in the presaence of watar vapour, changing from
liguids into rubbary solids). The 344 and 345
materials, normally used in cosmetic preparations. are
respactively cyclic tetramers and pentamers of dimethyl
siloxane.

The polysiloxanaes are noted for their temperature
stability, but nevertheless they break down under sevare.
heating - at temperaturaes above 300°C, which ara to be
expected at the asperity contacts when two surfaces area
"apldly rubbed together - to give silyl moieties that
are highly active scavengers of oxygen, and will easily
remove the oxygen from the vicinity in an oxide layer
Such as that found on an iron or aluminium body, locally
reducing the layer to the metal. Thus, when used as the
gall-promoting material, and inserted as a thin film
between, say, two steel surfaces, the rubbing of thae
surfaces under minimal initial movement and contact
pPrassure causes the polyéiloxane to break down, the
breakdown products locally remove (wholly or in part)
the protective oxide layer, and the subsequent rubbing
produces local welding raesulting in galling, whereupon
the two surfacas bind together to prevent further
movement. Howaever, because the temperatures generated

4t asperity contacts will to a considerable extend

\\\\\
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depend upon the nature of the materials - copper being

much softer than iron, and peing a battaer thermal
conductor, copper—-copper contac:t: rasults in lower
tamparatures than iron-iron contact, for examnle - the
particuiar (polysiloxane) gall-promoter may need to De
chosen carefully to reflect this differance (anc it may
aven be desirable to select a more reactive silicon
material, such as one of the silanes commonly employea

as precursors in tne preparation of siloxanas).

Though possibly it goes without saying,
naeverthelass it seams worth obsaerving that the two
surfaces to be joined by the method of the inventicon
should be reasonably clean, for otherwise the required
galling may not occur. Most metals are clean enough
once subjected to the normal industrial degreasing

procasses, and no more need be said about the subject at
this time.

It may also be worthy of note that the physical
cre—treatment of the surfaces to work harden their
asperities and disrupt their oxide film layer, as by
brushing (with a wire brush, say), may make some
marginal improvement in that the minimal initial
movement necessary to cause galiling, and then binding,
may be reduced, but in general such a pre-treatment does
not seem to be especially beneficial. And in the same
context it may be noted that the aaaition to the gall
cromoter of a material such as alumina that itself
causes friction (as is employed in some friction
welding? not only resulted in no improvement, it
actually made the joints worse. This is probably
oecause the added "“grit" prevented the two surfaces
contacting one another properly, and so actively reduced

the amount of friction-inducing galling that took placea.

----
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Where, as is so with the preferred agents, the
gall-promoting properties of the material come from 1its
heat~derived breakdown products, it might seem an
advantage to pre—heat the joint immeaiately after
assembly and insertion of the gall promoter ana prior to
the actual galling step of effecting relative lataral
motion. In practice, however, pre—heating to the sort
of temperature needed (about 700°C)> for around 15
minutes made no significant difference to the strengthn
of a properly—dasigned joint, and though the joint
required only half as much initial lateral movement to
form it this pre-treatment does not in general appear to

be a worthwhile step.

The gall-promoting material - the seizure agent, or
anti-lubricant - is inserted into the interface betwaan
the two bodies, and in general this should be
accomplished so as to make the agent equally available

and evenly distributed across the rubbing surtaces.
There are many suitable ways 1in which the insertion can
be carried out, and which is chosen will depend upon the
particular application (that is, the type of Jjoint which
the method of the invention is being employed to make).
For example, in some cases 1t may be sutficient to
assaemble the two surfaces (the jeint) and then “"inject®
the seizure agent between the two, perhaps from an
outside source, or possibly from a "“reserveoir" - such as
a sealed recess communicating with the interface, or a
porous carrier positioned immediately adjacent the
interface - within the joint itself (relying on
capillary action and the wetrtting capability of the agent
t0 carry 1t into place over all the two opposed
surfaces). In another case it may be more convenient
first to distribute the gall-promoter on tne appropriate
surface of one or other boay, and then to prosition the

bodies one on or over the other. in aithar ot these two
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cases it may be desirable in some way to pre-treat one
or both surface the better to hold the agent (for
axample, by ohysically roughening, or by milling or
fettling to give it a "“"knurlaed" finish in the form of an
array of raised points no more than 0.05 mm high ana at
a density of about 2 to 3 per square millimetre, s$o that
it can carry by flow, and hold, more of the agent
material). A third possibility is to place between the
surfaces a carriar of the agent material - a thin layer
of sponge, or of the intermadiate body (see abova), or a
porous, scored or recassaed shim, jam or washer, soakad
in the agent <(a porous sintered carriar 1s espacially
neeful, as discussed further nareinaftaer? - which is
squashed or otherwise deformed to release agent into the
Joint upon the initial movement of the two surtaces
(depending on the nature of the joint, this may be a
particularly convenient way of ensuring that the agent
is uniformly distributed over the two surfaces, so
causing correspondingly uniform galling’)>. Either the
two bodies may be correctly located one relative to the
other, and the carrier then driven between the two (and
it may on occasion be advantageous to employ two such
carriers, ariven between the two bodies from either side
cf the joint), or the carrier can be positioned on the
ralevant surface of one of the bodies, and the other
o0Qy then driven over it into place. If the carrier is

of a suitable soft material then it may itself be

involved in the galling process, as a sacrificial agent
- an intermediate body, as mentioned above - thart is
rransterred to the neighbouring harder surface. A
tourth possibility -~ a medification of the porous
reservolir mentioned above - is a flexible seal, of

.....

sponge rubber or the like, socaked in the agent, which

seal 1s deformed, as the joint is assembled, to eject
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agent out into the interface and then to seal the joint

against the escapa of tae agent.

One especially preferred form ot shim or jJam 1is
that made from a porous sintered material in which the
gall promoter is absorbed. As such a sintered carrier
is forced into the smaller gap batwaen the two faces to
be@ bindea so it 1s squeezed (and 1its densitly increasas).
This change in size causes many small internal plastic

deformations, leading to high adiabatic temperatures

likely to “"activate" the carried gall promoter -~ and if
the latter is of an oxygen—scavanging kind (like the
polysiloxanes) then it will purge itself of any
dissolved oxygen, and so enhance its effectiveness as a

gall promoter.

Where there is employed an intermediate
body/carrier then the very act of inserting it into
place may — as will be the case where a deformable shim
or JjJam, say, is driven into the restricted space betwaen
the two main surfaces - provide the relative lateral
motion necessary to cause galling {(between tne
intermediate body and the surfaces on either side’ and
result in the joint being formed. Alternatively, where
a carrier is positionedc on‘one body, and the other is
then driven in place cover it, that relative motion
petwaen the two bodies may itself constitute the motion

necessary to cause galling.

The speed of the initial gall-promoting motion is
important, particularly when a shim or jam 1is béing
inserted into the interface. For eacn pair of bodies
there is an optimum speed determined by the material
(and its rate of local softening), where the energy

required is at a minimum. This optimum is best found by
axperiment (it is in any case sensitive to any initiail

interference between the two pieces), but by way of

rrrrr
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guicance it may be said that the initiai motion snould
preferably be over within half a second, ana usually,
and for small movements, about a tenth of a second. in
general, this will mean motion at from 10 to 30 mm/sac.
wWhen carrying out the movament, and aspecially when
inserting a snim or jam, a reasonable degrae of control
should be exercised in order to avoid possible
distortion. It may help gently to taper the jam - a
tapar of around 4° or less 1s suitable - to permit the
Jam to be partially inserted without any significant
rubbing, the remaining insertion then being carried out
with the two opposing faces acting as guides and thus
reducing the risk of distortion.

On minimal initial lareral motion the seizure agent
causes rapid galling between the two surfaces, this
galliing binding the surfaces against further motion.
Exactly wnat constitutes minimum initial movement, and
the axact form this movement should take, depends upon
the circumstances, and in particular upon the type of
joint being made (as regards the type of movement, it
will normalliy be a bodily sideways slipping motion of
one piece relative to another, but in some cases, as
wnen a wneel-like member 1s placed co—-axially over a
tube, the movament can be achieved by the expansion of
the tube into contact with the wheel member, so that the
tube is in effect extruded). Several specific cases are
discusseq further hereinafter, but in some - such as
a 20 mm deep, 50 mm diameter gear—-wnaeel being attaéhed
to a 22 mm diameter shaft, or when a shim or jam is
forced into the gap between two main bodies (as just
aescriped) - the two bodies may be neld together so
tightly (by what is in effect an elastic extension or
compression of one or other of the members) that a

relative displacement of a few millimetres (5 or so) may

be gsufficient, whers=as in others - such as a linear
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energy absorption device, where the area of the original
contact means tnat the degr=22 of motion—preventing
galling can be predetarmined to reach the necessary
leval at different points along its travel - the
relative movement might be as large as 25 centimetres or
aven meore. Whera, as will perhaps most coften be the
case, the joints are of the co-axial, or axico-symmetric,
variety the movement may correspond to an angular
movemant of as little as a {few dagreas or as large as

Q0°* or evean more.

The method of the invention requiraes that the two
surfaces to be bindea together be held in face-to-face,
asperity contact. The forces required to do this are
minimal, just as the initial motion recuired to cause
galling is minimal, and though it is not easy to put
definite figures on them it is nevertheless possible to
say that they should be of the order of tens of
Newtons/mm? (rather than the hundreds of Newtons/mm?
common in forging two bodies together in a friction
weld). For the most part, where the application of the
method of the invention invelves one body within another
(as in a gearshaft carrying a gear-wheel), the holding
forces reguired are provided by the elastic nature of
the two podies - one slightly extended, the other
slightly comprassed - as the one is held in a fixed
spatial relationship in the other. For a typical milad
steel, ror instance, with a tensile yield strength of
300 Newtons/mm? the restraining forces between two
bodies in a light location fit - an H7/p6 interference
tit - are around 5% of the yiela strength - that is to
say, about 15 Newtons/mm® - and this is a typical figure

for the minimal forces requiraed.

The motion, and the galling, are rapid. As noted,

the expression "rapid" is difficult to define, but is

......
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generaily of the order of half a second or so, down to

about a tenth of a secona. Where relatively large
relative motions are effected, the speed with which thaey

are carried out is likely to be around 20 mm/saec.

The method of the invention enables two bodies to

be jJoined one to another, the bodles' contacting
surfaces binding one to the other against further
movemant because of the galling—-enhanced friction
betwaaen them. But of course the frictional forces

binding the two bodiaes can be overcome (provided the
bodias themselves do not break or distort first) by the

apblication of sufficient force, and this factor can be
taken advantage of, in accordance with the invention, to
provide joints which are deliberately constructed to
"fail", allowing (limited) slip to occur between the two
vodies, under certain specified and predetermined
conditions and level of applied force. While the point

at which a joint slips can be datermined by joint design
(and in particular by the area of the joined surfaces

and the shear strength of the weakest material in the
Joint; in general, and for a joint between two bodies
made of steel, the joint shear strength can be estimated
as 93% of the weaker material tensile yield strength
multiplied by the joint overlap area’, a suitable slip
point may also be achieved by including within the
interface a material that is not involved in the galling
process, and so limits the amount of galling that takes
place, resulting in a limit on the frictional forces
binding the joint against relative lateral movement.

For example, wnen using a shim, jam or washer (as
discussed hereiny to provide the anti-lubricant agent to
two steel surfaces, if there is empldyed a sintered jam
that has copper particles therein then the strength of
the Jjoint formed by galling will depend on the amount of

coppeaer in the jam, both because that coppar takes no
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part in the galling and because in soma way not entireaely

clear copper actually limits gall build-up, so avolding

heavy ploughing between the two facaes.

Use may be made of the limited slip capability of a
joint of the invention in absorbdbing transient peak
overload energies in power transmission systems, or for
limiting torque applied when tightening nuts and/or
bolts, or for limiting linear (tensila) loaas in bolt

shanks.

Of course, if this limited slip situation is to
allow the joint to reform once the slip—causing forces
are removed, then to ensure that the necessary friction-
inducing galling continues to take place it is important
that there still be some of the gall-promoting agent
prasant between the surfaces. This can be achieved in a
number of ways - f{for example, by se&ling the joint aresa
to prevent the agent escaping (and fresh oxygen
entearing), by designing the joint to include a small
reservoir, opening to the linterface, of the agent, or by
amploying a carrier for the agent which stores enough to
provide sufficient for at least a second galiling and
joeint~-formation operation. Iin many cases it will be
agsirable in some way to seal the joint to prevent thne
remaining agent leaking out, and by nappy coincidence it
transpnires that, as noted herein, some of the preferred
silicone oils (such as DC 536> can polymerise in the
prasance of water vapour to form rubber-like materials.
Thus, 1if, after a joint is binded (and the remaining
anti-lubricant is lesaking out around the edges), the
jJoint is exposed to water vapour, the adges become
sealad with the created silicone rubber, and the rest of
the agent is retained until needed. An alternative

sealing method relies on the provision of agent-

retaining sealing lands within the joint, the land
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material reing ocne tnat 4does not bina to tne joint
materials by a galliing proc=2ss as used - as notea Aabove,
copper (and its alloys) will not binad to iron (ana its
alloys) by the method of the invention. Suitaole lands
- an example is discussed furthar hereinafter - not only
seal in the gall promoter, thaey also prevent any
intermediate body (such as the gall promoter carrier)

being squeezad out as the binding action takes placa.

woulh VAR AN ammh damk SIS GUE VR SwiN Sk svey Emik RS

The primary method ol the invention involvaes .a
procass in which material is removed from the surface of
one of a pair of bodies held in contact with eacnh aother
and transferred to the surface of the othar -~ galling -
and the invention may be said to reside in the use of a
gall promoter to effect this in a predictable and
controllable manner. Now, this controlled wearing-away,
or abrasion, of a surface is a concept that may be
applied for other purposes, notably in the shaping of
objects or the smoothing of their surtaces, as by the
use of sandpaper, and indeed the invention proposes a
novel way of doing this akin to "ball peaning" (in which
a multiplicity of small hara balls are repeatedly
impacted against the workpiece surface to pe modified,
2acn such impact flattening or denting tnat surface»,
which novel way employs a gall promoter as described
narain to increase the friction between the balls and
the workpiece and thus facilitate the actual removal of

material by galling transfer to the balls.

i1n another aspect, therefore, the ilnvention
provides a method of shaping a surface by repeatealy

impacting it with one or more small hard ball, which

method is characterised in that, to cause and control
friction-derived galling and so remove material from the
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surface, there i3 inserted into the intarface between

the ball(s) and the surface a gall promoting substance.

in this technigue of surface shaping by ball impact
causing material removal, referred to hereinafter as
“hall ercsion", there may be empioyed a single ball or a
multiplicity of balls. Each ball should be small
relative te the shaping regquired - parhaps comparable to
the size of the imperfections to be removed. A typical

size is 0.5 to 10 mm, especially 2 to 4 mm, diameter.

Each ball is a hard material, as tungsten carbide,

tool steal, or a ceramic such as alumina.

The impacting may most conveniently be etfected Dy
vibration. For example, an individual ball can be
mounted on the end of a vibrated rod, or the ball(s) may
be placed in loose contact with the workpiece surface,
and the whole assembly then vibrated so as to cause ball
oscillation using a vibratory table in an appropriate
mode (spherical, say, or tubular) suited to the
workpiece shape. The vibration frequency, generally up
to 1000 Hz, conveniently 50 to 500 Hz, may be swept, Sso
Aas to vary any “standing wave" patterns set up by the

workpiece's natural resonance frequencies.

The gall promoter is conveniently one of those

liquid silicone oils referred to above, and 1its
insertion intco the interface may be effected in any
convenient way, such as by spraying or puddling it onto

the surface, or using a porous ball soaked in it.

This ball erosion technique can be employed to

shape/smooth the external surfaces of bodies (place them
in a mass of vibrating balls), but is particularly
applicable to the smoothing of the hard-to-reach

internal surfaces of hollow bodies.

-----------------
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The primary method of the invention makas slige-
raesistant joins (or joints) batween bodlies, and the
inventinn extends to these joints per se. Thus, 1in
another aspect the invention provides a joint between
two bodies ceonstrained in face-to—-face contact Aana
pinded against lateral motion by the method of tne

invent ion.

The method has a practically unlimited numbar of
applications, although for the most part the joints made
therein fall within four inain categories, as notea
hereinbefore. The first is the type wherein pliaeces are
locked against rotation onto shafts (such as cams onto
camshafts, weights onto counterbalance shafts,
interconnacting webs in crankshafts, or gears onto
gearshafts); such joints transmit or rasist torsion
forces and axial thrust. The second is the sort wherein
pieces are locked together against both rotation and
translation via a joining collar (such as two plipes
joinad by a connector ferrule). A third type is that
wherein the joints are designed specifically to sliip
under an appropriate applied load, and so find
application as torque limiters and energy absorbers. A
fourth variety is a special category of joints which are
not "“round" but are instead one body secured against
linear motion within a slot in another, as typified by a
hardened cutting blade in its holder, or a turbine blade
assaembled onto its hub. Various particular applications

of these types are now described in more detall, 1ir

being appreciatad that the invention specifically
extends both to the application or the merthod to make

such a joint and to such a joint when so maaqe.
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One pbrime use ror the method of the invention is to
secure a piace such as a canm, gear—-wneel, lever, flange,
boss, armaturea, counterweight or interconnecting weo
onto the shaft that is to carry it. It is easy to sew
that in principle this application of the method merely
requires the plece to be assembled onto its shaft in the
correct place as a tightish fit (of the sort more
correctly referred to as a light interference fit),
POoSsSibly with one or other surface roughenaed (by
fettling or knurling), with the gall-promoting agent
suitably distributed between the ralevant opposed faces,

ang then for relative lataeral/rotactional movement

hetwaeen the two - such as by ariving the piece around
the shaft - to be erfaectad in order to cause galling and

result in the frictional forces between the two binding

them together against any further rotational movement.
The precise details of how all this is carried out - how
the piece is correctly located on its shaft, how the
gall-promoter is inserted into place, and how the
relative movement is induced - may vary depending upon
the specific application.

A gear—wheel may conveniently be located on its
shatt in a jig (or, these days, a computer-controlled
positioning qevicae?, or by a ring of gall-promoter-
carrying knurling, or up against a step, or by a pair of
Spaced ring-like lands (conveniently of a non-binding
material) standing slightly proud Bf the surface, on
which lands the wheel is a tight fit (the space between
the lands being filled with a porous split collar, or
shim, carrying the gall-promoter, and the lands not only
locating the wheel, but also preventing the relatively

soft material of the carrier shim flowing out, away from

the joint, as it is squeezed during the galling
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DIrocess). For assembly, the wheel is 3lid "“loosaely" up
along the gnaft to its required position; if this is up
TO a step, or as determined by a jig, the requisitae

shims are then driven into place, while if the shaft is
"rougnened" the wheel is then driven on into place ovar
the rough portion; and if located by lands, the shims
are put in place between the lands, and the wheel is
then driven on into position on the lands. Whara, as
may be the case, the shaft is a holliow tube, then once
the wheel 1s correctly located the tube can be
"expanded" (by driving a slightly oversize bali-like
axpanding tool along inside 1t) into contact with the
wheel. In the case wnere thae wheel is driven over a
tight-tfitting roughened area the friction—-aengendered
forces involved activata the gall-promoter, while in the
shim~using cases either the along-shaft motion of the
wheel or shims (or the forced expansion of a tubular
shaft) is itself enough to squeeze the shims to release
the gall-promoter. Either the movement at the same time
then causes the galling, bonding the wheel into place
against further movement, or the emplaced wheel is
subsequently rotated on its shaft (with a relatively low
apblied force’> so that that motion causes gall
progduction (possibly with additional shim distortion and
consegquent gall-promoter raelease) and prevention of

further movement.

The teeth of the gear-wheel, provided in the form
of a ring, or hoop, of teeth, may themselves be secured
to thneir wheel-liike body, to form the entire gear-wheel,
oy tne mathod of the invention (motor vehicle starter
rings can be bonded to a supporting body in this
manner). Here, where the body is essentially a thin
disc, onto which the ring of teeth is driven (and
usually secured by making the fit between the th a

shrink or an interference fit), it is convenient, when
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applying the method of the invention, to use that morion
as the gall-inducing motion. Thus, with a gear-ring

rhat is merely a tight fit on its body, the body rim

(say) is coated with the gall-promoter, and then simply
driving the gear-ring onto the boay results in the

galling that locks the two together.

In essencea very similar to the securing ot a gear-
wneel to its shaft is the mounting of a cam on a
camshaft, except that whereas a gear-wneal is concentric
with its shaft a cam, by its very nature, is eccentric
albeit axio-symmetric, having at least one lobe
projecting away from the shaft. This eccentricity means
that the cam with advantage may be formed and secured in
a number of ways other than the simple one (in which the
cam member has a cam—shaped (lobed) body but with a
shaft—-shaped aperture, and is then located wvia irts
aperture on the shaft in much the same way as a gear-
wheel). More specifically, it means that the cam is

able to be little more than a thin cam—-surface—shaped
ring, or collar, of a suitable material, with one or

more lobe-like shim or jam that fits into the space

under the cam's lobe between the shaft and the cam
ring's inner surface so as to fill that space just as
though the cam had a conventional “solid" pbody, and that
the or each jam both provides support for the lobed cam
surface and can constitute a carrier for the gall-
promoter to be inserted between the relevant surfaces of

the cam ring, tha camshaft, and, of course, the jam
itsalf.

it is, naturally, also possible to nave a cam with
a body of an “intermediate" shape - where the body is
generally solid rather than a mere collar, but has an an

arcuate/crascent recaess extending from its central

« 1 g .
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aperture into the lobe volume, this recess accommogating

a correspondingly—-arcuate galil-promoter—carryling jam.

These methods of applying the inventicn to the
mounting of cams on camshafts have saveral advantagas
over the more conventional ways of achieving that end.
Firstly, with minimal effort and expense they provide
axtremely strong joints - for example, capable of
resisting torques up to 450 Newton metres on a 22 mm
shaft. They also enable the cam loba to ba hardaned and
finished to size guite separate of the shaft, so
avoiding any chance of distorting the shaft when doing
this subsenuaently, while the action of assembling the
cam onto the shaft, and then securing it in place, can
be accomplished without any significant cam ilobDe

distortion (save that raesulting from the lobe material's

natural elasticity, which can easily be allowed fory.

A crankshaft, with its eccentrically-mounted but
co—axial web sections joined by journals, is another
case of bodies mounted on a shaft where the actual
securing of body to shaft can with advantage be eftected
by the method of the invention. If each shatt section
has a web-receiving and -locating end portion of a
sligntly reduced diameter ana coated with a thin layer
of a suitable gall-promoter—carrying intermediate
material, then assembly to precise dimensions in a jig,
driving home each web ontc its journals to cause tne
gall—-derived body—-locking friction, is an easy and
convenient method of forming the crankshaft allowing-the
use of optimum hardened and ground journals, hollow for
lightness and reduced inertia, and webs of durable thin
steal sections, without the need for subsequent
finishing treatment and avoiding the conventional cast
or forged one—-piece construction. A crankshaft made in

this way can, by judicious selection of its.materials,

........
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be made strong enough to handle over ten times the

likely peak ioad.

Rther rtvpes of Locking

One particularly advantageous apblication of the
maethod of the invention is in making "“"pipe" Jjoints,
wharein a rod-like member - and particulariy a tubular
member - is abutted end to end with another such member
to make in effaect a longer objact of the same kind. The
principle involved is simple; the two rod-like members
are placaed and to end with a short collar mamber, or
sleeve or farrule, around the ends, the gall—-promoter is
insarted into the space betwaan the rod exteriors and
the collar interior, ancd initial movement of each roa

- relative to the collar activates the gall—-promoter,
causas friction-inducing galling, and prevents any
further movement, so locking the rods each to the collar

and thus to aach other,

The manner in which the gall-promoter is inserted,
and the subsequent ralative movement is aeffected, may be
any appropriate to the purpose of the joint being
fashioned. For example, if the coliar is a tight fit
over the roughened gall-promoter—carrying side surfaces
at the ends of the rods, then simply forcing the ends
into the collar is sufficient. Alternatively, if the
collar is a looser fit then, once the collar is propérly
located, jams may be driven in from =2ither end to hold
the assembly together, and there may be positionad
within the assembly, and at each end between the collar
and rod surfaces, an D-ring "“seal'; either the jams or
the O-ring seal, or both, can be carriers for the gall-
promoter, and distribution of the promoter, followad by
gall promotion, will occur either during the driving—-in
of the jams (as thaey and/or the QO-ring distort) or in a

subsequent rod/collar relative rotation.
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One intaresting variation of this rod/collar joint

1s that in wnich the collar itself is distortable - {1t
can be squeezed down onto the rods - and incorporates an
internal pre-formed ring-like gall-promoter carrier that
will be squashed, to release its load of promoter into
the interface, when the collar is so distortad.

Moreover, by suitably arranging the structure of the
colliar, or by making the ring carrier of a material that
will itself become involved in the gall-produced
bonding, the very act of manipulating the collar to
squash the ring causes the minimal initial movement tnat
rasults in the desired joint formation. In one version
the ring-like carrier is a sintered metal, itself
rorming part of the joint, while in another it is a
sponge—-rubber U-ring, and the collar i1tself contacts

the rod to make the joint mechanically, the deformed
J=-ring then forming the seal.

Other Jolnt types produceable by the method of the
lnvention headless rivet joints, torque-limiting and

tension joints, and energy—absorbing joints.

A rivet is & device with a headed shank for joining

to two objects together when each has an aperture
through wnich the shank can extend. A second “head" is
then torged at the other end, both preventing the rivet
pulling out of the holes and forcing, and holding, the
tWo objects together. In a headless river the forces
holding the two objects together are not those provided
Dy the two "heads" joined by the shank, but are instead
the frictional forces exerted on the two objects DY the
side surface of the shank as it extends tight—-fitting
through the twoe apertures (commonly such rivers are very
slightly tapered - to an angle of about 4° - go that
tney can be inserted almost all the way into place

before their sides contact the aperture siaes and they
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jam into place). Clearly, by inserting into tne
interfaces a gall-promoter in accoraance witn tne
invention, then, as rthe shank is driven into piace - oOr
by twisting it slightly as it goes in, or once it is in
place - the galling caused results in considerably
increased friction betwaen the shank and the aperture
sidas, s0 holding the rivet more tightly in position and
the two vobjacts more securely together. This situatlion
is very like the vielin string peg in its hole in the
nack (save that there the peg is simply held in the hole
rather than holding two objects together), even tc the
axtent that the headless rivet's shank is slightly
tapered, and fits into correspendingly tapered apertureas
in the two bodies. To supply the gall promoter to the
interfaces the rivet may have a sultably grooved shank,
or it may be made of, or be coatea with, a porous

sinterad mataerial.

Use of the method of the invention to form a
torque-limiting joint may be exemplified by the
provision of a bolt with a head which is bonded to its
shank, as though it were a sleeve thereon, by gall-
producad friction created by a gall-promoter in
accordance with the methoa of the invention. By careful
design of the area of the intersurface, or of the |
distribution theraeover of the gall promoter, so the join
between the head and the shank can be ensurad to slip,
the head moving round the shank rather than holding it
firm to allow the nut to be done up avan tighter, as the

torque-engendeaered lateral forces overcome the movement-
resisting friction.

A tension—-liimiting bolt is much the same, save that
the bolt head is allowed to slip along the shank, so as

to move to lengthen the shank (and thus reduce the

.......

»
LI Vo



WO 91/19589 PCT/GB91/00950

. 2
0083341

— 32 v v

tension therein) as the bolt is done up beyond a certain

predetermined point.

An energy-—-absorbing joint, of the railway buffer
type (wherein a piston moves within a cyiinder against a
restraining force usually provided by the resistance
axXperienced as the piston is made to force a viscous
ligquid out through a small hole, or to crumple up some
distortable body), may be constructed in accordance with
the method of the invention. Thus, by feeding into the
intertace between the piston and the cylinder sides a
suitable supply of gall-promoter, the~gall—induc§6
friction seeks to prevent further movement of the piston
but fails - because the piston-driving forces ara too
high - whereupon the area of the interface increases as
the piston moves, and more gall-promoter is fed into the
growing interface, to rasult in more friction, until
eventually the frictional forces are greater than the
piston-driving forces, and the piston stops, having
absorbed the energy incident thereon. Such an energy-
absorbing joint can be large - like a railway buffer -
or small - as in the type of automobile steering column
designegd to "“crumple" and absorb the blow if in a crash
the ariver falls forward against it. By the physical
daesign of the joint, and of the areas of the surfaces
between which galling occurs (the sides of the piston
rod may have patterns formed therein to define the
actual active contact area, and so control the energy-
absorption characteristics) , the'profile of energy

absorption may be arranged to take any appropriate form.

One useful application of the method of the
invention is in the sort of joint where a member is
wadged into place in some sort of holder. For example,
in many types of cutting tool the actual cutting blade,

or bit, is a thin (and thus inexpensive) length of
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