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This invention relates generally to the field of disc drive data storage de'\__/ices'and
more particularly, but,nlot by way of limitation, to a latch housing for mounting and
supporting a latch mechanism for latching the moving head carriage of the disc drive and
dissipating some of the kinetic energy of the moving carriage.

Systems to absorb the ki;letic energy of mechanical shocks generated by contact
with a moving body, are well known in the art. The simplest of such systems include
some type of deformable member which deflects from its original position or shape in
response to impact from a moving body.

If the system is intended for "one-time" use, the deformable member may be
permanently altered. An example of such a system is the "crushable" bodywork of certain
current automobiles, Which are designed to absorb the destructive force of a collision,
while diminishing the force transferred to occupants of the vehicle. -

Other common systems include some type of resilient member designed to deform
at impact and return to its original condition after the kinetic energy of the contact has
been absorbed. An example of, perhaps, the simplest of this type of shock absbrption
system is a rubber block mounted in the path of a moving object, such as a swinging door,
which deforms at.impact and "bounces back" to its original shape. Other examples of this
type of mechanical shock absorption systems are easily recalled, including those which
incorporate springs, cantilevered beams and other resilient members.
| Most simple systems which include resilient members, though, operate under the
assumption that the resilient member can be allowed to deflect, or deform, in the original
direction of movement of the moving body and then "spring" back past the original shape
or location of the resilient member, before returning, after perhaps several iterations of
this oscillation, to the original, or neutral, position. This is indeed an acceptable response
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response to inpact froma noving body. If the systemis intend
“one-tine" use, the deformable nmenber may be pernmanently alterggﬁ%gﬂj fJ ,.1 I
exanpl e of such a systemis the "crushabl e" bodywork of certai rr &nt it i
aut onobi | es, which are designed to absorb,the destructive force of a

collision, while dimnishing the force trénsferred to occupants of the

vehicle. QG %é:gm systens include sone type of resilient nenber
designed to @e?o mat inpact and return to its original condition after the

R
unacceptable, i.e., in which the system may be permitted to deflect only in the direction of
movement of the moving body, and must then return to the neutral position without
passing the original point of contact.

One such situation is found in the carriage latching mechanisms of disc drive data
storage devices. _

Disc drive data storage devices of the type commonly referred to as "Winchester"
disc drives record, or write, and retrieve, or read, digital data on a magnetic medium
deposited on the surfaces of rotating rigid disc members. During operation, the air pulled
along by the spinning discs interacts with self - acting hydrodynamic air bearing surfaces
on read/write heads to "fly” the heads in close proximity to the discs, thus eliminating any
contact-induced wear on or damage to the heads or discs. An actuator mechanism is
typically employed to controllably move a vertically aligned array of read/write heads,
one per disc surface, to any desired one of a plﬁrality of circular, concentric data tracks on
the discs. The rapidity of this movement, or seck time, is one of the principal criteria by
which the performance of the disc drive is judged. The quest for minimal seek time has
led to one of the grlmter challenges facing a designer of disc drives. Current high
performance disc drives utilise voice coil motors to move the heads from track to track,
and have achieved average seek times of less than ten milliseconds (0.010 seconds) with
great reliability. Such seek performance requires that the actuator achieve extremely high
velocities. For instance, a high-performance disc drive of the current technology using a
rotary voice coil actuator typically achieves radial velocities of 220 radians per second.
Even though the moving mass of the actuator is minimised by design, speeds of this order
create a significant problem for the designer.

Moving-coil voice coil motors incorporéte a coil of wire suspended within the field

of a permanent magnet, or array of magnets, and constrained by some type of mechanical
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sw ngi ng door, which deforns at inpact and "bounces back" to it
-shape. O her exanples of this type of nechani cal shock absorptl
‘are easily recalled, including those which, incorporate springs,
cantil evered beans and other resilient nmenmbers. Mst sinple systens which
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original shape or location of the resilient nmember, before returning, after
perhaps sewsdgakti¢ fieldoindGéed bout the coil and the magnetic field of the permanent magnets, in

system is a rubber block mounted in the path of a noving obj ect c;zch as a
Lo

accordance with the well known Lorenz relationship. If, however, power is removed
from the coil, as is the. case when power is interrupted to a disc drive, the coil is free to
move in an uncontrolled manner within the range defined by its mechanical attachment
mechanism. Such uncontrolled motion of the voice coil motor in a disc drive data storage
device is entirely unacceptable, since the loss of power to the actuator implies
simultaneous loss of power to the motor spinning the discs, and thus potentially damaging
contact between the heads and discs.

Because of this characteristic of voice coil actuators, the common practice in the
industry is to move the heads to a preselected position, or park zone, when any loss of
power is detected, and latch the actuator in this position until power is restored.
Obviously, since the parking sequence occurs in response to a loss of power, the speed of

. the actuator during the parking sequence must be maximised, which, in turn, implieé that
a high level of kinetic energy must be dissipated by the latching mechanism. Further, the
challenge is to absorb this kinetic energy, and, at the same time, prevent the heads from
oscillating back and forth while direct contact between the heads and discs is possible due |
to the deterioration of the air bearing.

The features of the present invention are particularly suited to the above described
application, since it is capable of absorbing and dissipating the kinetic energy of a moving
body by deflecting from a neutral position in response to contact with the moving mass,
and includes a mechanism for limiting the extent of motion of the system to a return to the
neutral position after such contact and deflection. ,

It is an object of the present invention to provide a system for the partial absorption
and dissipation of the kinetic energy of a moving body.

It is another object of the present invention to provide a system for the absorption
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this oscillation, to the original, or neutral, position. This is/ rydeg¢an
accept abl e response 2 in these systens. There are, however, c S&;I& H ﬁ .
whi ch such "bouncing” about a neutral position is unacceptable, i.e f ;
whi ch the system nay be permtted to defle4ct only in the direction of bk

and dissipation of the kinetic energy of a moving body which can be used repeatedly.

It is another object of the present invention to provide a repeatedly-usable system
for the absorption and dissipation of the kinetic energy of a moving body in which the
kinetic energy of the moving body is dissipated by deformation of resilient members of the
system from a beginning position in the direction of motion of the moving body, and
reactive motion of the members of the system in an opposite direction from the original
direction of the moving body, the reactive motion ending when the resilient members
reach the beginning position.

1t is another object of the present invention to provide a housing for a carriage
latch in a disc drive which will absorb the eﬁergy of the moving actuator during a latching
sequence brought about by a loss of power to the disc drive.

It is another object of the invention to provide a latch housing that is capable of
withstanding recurring impacts from the latching sequence over the design life of the disc
drive. _

It is another object of the invention to provide a latch housing tﬁat is inexpensive to
manufacture and simple to install in the disc drive.

These and other objects, features and benefits of the present invention will become
evident through an examination of the following detailed description of the invention, |
when read in conjunction with the accompanying drawings.

Accordingly, the present invention includes a pair of beams, each fixed relative fo
each other at their first ends and mutually connected at their second end to a contact
mechanism. The pair of beams are so disposed in relationship to each other and to the
direction of travel of a moving body that contact between the moving body and the contact
mechanism c=auses the first of the pair of beams to be deformed in a bending, or
cantilever, mode while the second of the pair of beams is deformed in a buckling, or
bowing, mode. A portion of the kinetic energy of the moving body is dissipated by the

deflection of the beams in the original direction of travel of the moving body, and internal
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novement of the novi ng body, and nust then return to the neutral position
wi t hout passing the original point of contact. One such S|tuat ti; R
in the carriage |atching mechani sns of disc drive data storagey! qr% ¢ i
D|sc drive data storage devices of the type commonly referred to as

"W nchester" disc drives record, or wite and retrieve, or read, di gital
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has achieved the original position of the contact mechanism, the second beam inhibits

ager 2

motion beyond this position. The materials and dimensions of the beams are selected
relative to the velocity and mass of the moving body to dissipate the kinetic energy of the
moving body in a single excursion of the pair of beams away from and back to their
original positions. In a preferred embodiment of the invention, a latch housing for a disc
drive is shown in which the invention is implemented in a single, moulded part.

Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which: |

Figure 1 is a top plan view of a disc drive data storage device in which the present
invention is particularly useful;

Figure 2 is a simplified diagrammatic drawing which shows the operational
principle of the present invention;

Figure 3 is a plan view of a first embodiment of a latch housing in accordance
with the present invention;

Figure 4 is a plan view of a first variation of the latch housing of Figure 3; and

Figure 5 is a plan view of a second variation of the latch housing of Figure 3.

Turning now to the drawings and more specifically to Figure 1, there is shown a
pian view of a disc drive data storage device in which the present invention is particularly
useful. Shown is a disc drive 2 which includes a base member 4 to which all other
components are either directly or indirectly mounted. A top cover 6 engages with the base
member to form a sealed environment to isolate the delicate internal components from
outside contaminants. A plurality of discs 8 are mounted for rotation on a spindle motor
(not shown) via a disc clamp 10. An array of vertically aligned heads, one of which is
shown at 12, is attached through flexures 14 to a plurality of head mounting arms 16,

which are part of an actuator body 18. The actuator body 18 is mounted for rotation
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on read/wite heads to "fly" the heads in close proximty to the iscs,
thus elimnating any contact-induced wear on or danage to the fe SI:E/J E q
discs. An actuator nechanismis typically enployed to controllab i

vertically aligned array of read/wite hegds, one per disc surface, to any
desired one of a plurality of circular, concentric data tracks on the
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desi gner of disc drives. Current high performance disc drives utilise voice

coi | not or $hife 20Dt Hehgs NP afescontrollabily dvetl Qo ahpdésired one of a plurality of tracks on
the surfaces of the discs along arcuate path 24.

The actuator body also includes a carriage latch arm 26 which supports a shorting
plate 28. As the heads 12 are moved to their innermost position on the disc 8, this
shorting plate 28 contacts a magnetic latch 30 which holds the actuator in this position
until the latch is released. The innermost extent of travel of the heads 12 on the disc 8 is
thus designated as a park zone, sometimes referred to as a landing zone.

Details of the operation of the magnetic latch 30 may be found in co-pending U.S.
Patent Application 07/975,349, which is incorporated herein by reference.

In disc drives of the current technology, it is most common for the heads 12 to be
"parked" when a loss of power is detected. This is because the voice coil motor 22 cannot
control the position of the heads in the absence of available power to the coil, and any
relative motion between the heads 12 and discs 8 while the discs are not spinning can
cause damage to the heads 12, discs 8 or both. There are some disc drive products which
will also allow this park and latch operation to be performed in response to a received
command from a host computer system.

Since the most common reason for parking the heads 12 is to prevent damage due
to the loss of power to the disc drive, it is incumbent upon designers of disc drives to
ensure that the movement of the heads 12 to the park zone occurs as rapidly as poSsible.
This usually entails applying a maximum amount of correctly polarised DC current to the
coil of the VCM, and maintaining this current until the disc driv.e's ability to supply the
current disappears. Typically, no detection means is incorporated in i:he disc drive to
determine when the heads 12 have reached the park zone.

An analysis of Figure 1 will show that such rapid movement of the heads to the

park zone results in a high speed collision between the shorting plate 28 on the actuator
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and have achi eved average seek tines of |less than ten nillis@p@ﬁdSéﬁOé%ﬁO%
seconds) with great reliability. Such seek perfornance-requife§‘th' £ h¢ ﬁ [
actuat or achieve extrenely high velocities. For instance, a

hi gh- performance di sc drive of the curren} technol ogy ‘using a rotary voice
coil actuator typically achieves radial velocities of 220 radi ans per
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the field of a permanent magnet; ©Or array of magnets, and constrained by

sonme type #id wmgietioilach 30 is not a "hard” contact. That is to say, that there is some
compliance in the magnetic latch 30 or its mounting structure, hereinafter referred to as a
latch housing 32. |

While compliance in the latch housing 32 is desirable, it is also desirable that the
movement of the heads 12 be brought to a complete halt relative to the discs 8 as quickly
as possible. Therefore, any oscillation of the heads back and forth about the park position
should be discouraged. The inventive structure of the latch housing 32 is intended to
achieve this goal.
Figure 2 is a simplified diagram of the principle elements of the present invention,

and serves to demonstrate the operational principles of the present invention. In Figure 2,
a latch/contact mechanism 34 is shown which is analogous to the magnetic latch disclosed
in the above-cited co-pending patent application. The latch/contact mechanism 34 is
supported by a first beam member 36 and a seébnd beam member 38, and the opposife
ends of the beam members 36, 38 are fixed relative to each other at a known distance
apart. The path of a moving body (not shown) is indicated by the arc 40, and represents
the path which would be followed by a body moving about point 42. The arc 40 can be
seen to intersect with the latch/contact mechanism 34. It should be noted that the present
invention would work equally effectively in cooperation with a body moving along linear
path 44, which becomes tangential to the arc 40 at the point of contact with the
latch/contact mechanism 34. The first beam 36 is oriented in relationship to the
instantaneous path of thé moving object at the point of contact such that it acts as a
cantilever beam, while the second beam 38 is oriented to the path of the moving object at
an angle which will cause the second beam 38 to buckle, or bow, under the force of
impact between the moving body and the latch/contact mechanism 34. The behaviour of

the beams 36, 38 after impact is shown by the dotted lines 46, 48. The deformation of the
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13APR1999 3 attachnent nechani sm which defines and restricts tihe. coil’ g = w
direction and extent of notion. Wien DC current is applied to the dﬁlﬁﬁnél
i ht eracti on occurs between the nmagnetic field induced about the coil an ik
the magnetic field of the permanent magnetss, in

beams 36, 38 brought about by the impact of a moving body on the latch/contact
mechanism 34 develops internal stresses in the beams 36, 38 which tend to restore the
beams 36, 38 to their original shapes. In doing so, the latch/contact mechanism moves
back toward its original position, and when this original position is attained, the second
beam 38 has straightened to its original length and acts as a "leash” to prevent the |
latch/contact mechanism 34 from "overshooting" its original position. If it is assumed that
the moving body "sticks" to the latch/contact mechanism 34, as would be the case in a
magnetic latch for a disc drive, then it is easy to see that such a system is capable of
absorbing the kinetic energy of the moving body by the deformation and deﬂectidn of the
beams 36, 38, and returning the moving body and the latch/contact mechanism 34 to the
initial point of contact. If the rﬁass and velocity of the moving body are known, it is
possible to select materials and dimensions for the two beams 36, 38 which will dissipate
all the kinetic energy of the moving body in a single excursion of the latch/contact
mechanism from the initial point of contact to a maximum deflected position and back to
the original position. |

Figure 3 is a plan view of a latch housing 50 made in accordance with the present
invention. In this embodiment of the present invention, the cantilever beam 52 and the
buckling beam 54 are both implemented in a single moulded part which also incorporates
mounting means 56 for attaching the latch housing 50 to the base member of the disc drive
(4 and 2, respectively, in Figure 1). Once the latch housing 50 is secured to the base
member 4, the first ends 58, 60 of the cantilever beam 52 and the buckling beam 54 are
fixed relative to each other by a pair of extremely rigid frame beams 62. The second ends
64, 66 of the cantilever beam 52 and the buckling beam 54 are connected to a latch -
receptacle 68 which is adapted to receive a latch mechanism (not shown) such as the one
disclosed in the above-cited co-pending application. With such a latch incorporated, the
point of contact between the moving carriage (not shown) and the latch housing 50 occurs
at the point designated 70 and the force of the carriage is exerted in the direction shown
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accordance with the well known Lorenz relationship. If, however, pomer 1S,
renoved fromthe coil, as is the case when power is |nterruptéd mo, gs& {
drive, the coil is free to move in an uncontrol | ed manner within the r ef
defined by its mechanical attachnment nech%plsn1 Such uncontrol |l ed notion of
‘the voice coil notor in a disc drive data“storage device is entirely
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characteristic of volce coll actuators, comon practice 1n the
specific design of the latch housing SO.

- Tests have shown that a suitable material for the fabrication of the latch housing is
Victrex (Registered Trade Mark) 450G PEEK, a.product of ICI Advanced Materials,
Exton, Pennsylvania. This material was selected based on its strength characteristics, as
well as other factors such as wear resistance, stability over the specified operating
temperature range of the disc drive, fire resistance and others. Other materials may be
used without violating the scope of the present invention.

Once the moving mass and velocity of the carriage are known and a material has
been selected, it is an exercise in proper engineering practices to design the cantilever
beam 52 and buckling beam 54. In Figure 3 it will be noted that the cantilever beam 52 is
significantly more robust than the buckling beam 54, and in such a configuration, the
majority of the kinetic energy of the moving carriage will be dissipated by the cantilever
action of the cantilever beam §2, with the buckling beam 54 being a relatively supple
member which acts primarily as a leash to limit the reactive motion induced in the system
by the stresses induced in the materials of the cantilever beam 52 and buckling beam 54.
By changing the configuration of the two beams 52, 54, the contribution of each beam to
the shock absorption of the system can be widely controlled.

Figure 4, for instance, shows a variation on the housing latch 50 of Figure 3. In
Figure 4, the cantilever beam 74 can be seen to have been modiﬁed by changing the shape
of the beam from a simple rectilinear bar to a shape in which the middle of the bar is
narrowed, which will lower the force necessary to deflect the cantilever beam 74, while
simultaneously ldwering the reactive force which tends to straighten the cantilever beam
74. The buckling Beam 76 has also been altered by increasing its cross-sectional area,
which will stiffen the buckling beam 76 and make it more resistant to bending. It is easy

to see that such changes will change the distribution of the forces exerted by the moving
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industry is to nmove the heads to a presel ected position, or pa&k zqne,,mnen
any loss of power is detected, and |atch the actuator in this ﬁoS|t|Qn, E ﬁ i
until power is restored. CbV|oust, si nce the parking sequence occurs in'¥ 7t §
response to a | oss of power, the speed of, {he actuator during the parking
sequence nust be maxi m sed, which, in turn] inplies that a high | evel of

ki netic en dust be dissipated by the latching nmechanism Further, the
chal l enge I's t% ‘absorb this kinetic energy, and, at the sane tine, prevent
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heads and discs i's possible due to the deteriordtion of the air
78 is similar to that of Figure 4, while the buckling beam 80 has been reduced in cross-

sectional area to resemble the buckling beam 54 of Figure 3. With the cantilever beam 78
and the buckling beam 80 both thus ."weakened", the overall energy distribution of the
system is once agaih altered, producing a "softer" system overall, which result in larger
motion of the system in response to contact with the moving carriage.

From the above discussion, it is apparent that various mociifications to the
dimensions and shapes of the cantilever beam and buckling beam can be made to produce
a latch housing which performs to widely diverse specifications, without a change of
materials. If the material properties of various materials are taken into consideration, the
combinations possible using the present invention are extremely varied.

It is evident that the present invention achieves the objects and meets the ends set
forth above, as well as those inherent therein. Various modifications may occur to one
skilled in the art. While a particular embodiment has been discloséd for purposes of
explanation, the scope of the invention is intended to be limited only by the appended

claims.
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The features of the present invention are particularly suited to the above
described application, since it is capable of absorbing and dissipating the
kinetic energy of a noving body by deflecting froma neutral posttiqgn in
response to contact with the noving mass, and includes a nechanisn forg W Iz
limting the extent of notion of the systé to a return to the neutral: & #
position after such contact and deflection. It is an object of the present

i nvention to provide a systemfor the partial absorpti onr—and_dissipation of
the kineti cryypgg@y of a noving body. It is another object of the present

invention to provide a systemfor the absorption ”!I’"ﬂ"lﬂ"!!”"il‘”!n

1. A disc drive data storage device (2) comprising:

actuator means (18) having at one end thereof one or more heads (12), the or each
head for reading from and/or writing to a disc (8);

a first contact member (26, 28) integral to and movable with said actuator means;
characterised by

a first resilient means (36, 52, 74, 78) having one end fixed and the other end
positioned relative to a path movement of said first contact means for substantially
cantilevered deflection;

a second resilient (38, 54, 76, 80) méans having one end fixed and the other end
positioned relative to said path of movement of said first contact means for substantially
buckled deflection; and

a second contact member (30, 34, 68) mounted to the other ends of both said first
resilient means and said second resilient means for cooperation with said first contact
member; Londieitd B T N

whereby the beniiing and bixckling of the respective resilient means acts to stop i:he

motion of said actuator along said path while the second resilient means acts to limit the

l return motion of said second contact member when said second resilient means has

o ) reached its at rest, unbuckled position.
2. A disc drive data storage device as claimed in claim 1, wherein said first contact
member is a first latching means and said second contact member is a second latching

means for engagement with said first latching means.

3. A disc drive data storage apparatus as claimed in claim 1 or 2, wherein said second
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4 and dissipation of the kinetic energ I y which can be used

repeatedly. It is another object of thilm uﬁumm,”mlamlnon to provide a

repeat edl y-usabl e system for the absorpti oA ahd Mi $si pati on ofrt he kinetic
In
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energy of a noving body in which the Kki ne#bc energy of the rmv ?‘;h-bql'y IS

di ssipated by deformation of resilient nernbers of the P
latching means comprises a permanent magnet. o
4, A disc drive data storage device as claimed in any one of claims 1 to 3, in which

said first and second resilient means comprises a resilient material and the dimensions and
shape of the first and second resilient means being selected, based on the known mass and
velocity of the actuator to limit motion of the first contact member in response to contact
between the first and second contact member to a single excursion from the unbuckled

position to a deflected position and back to the unbuckled position.

5. A disc drive crash stop comprising:

a pair of beams (36, 52, 74, 78; 38, 54, 76, 80), each having one fixedly mounted
in a disc drive (2), the other ends of each bean connected to each other so that they move
in unison, the angle between the beams, as measured at a point of intersection between

lines drawn along the beams, being less than 90 degrees.

6. A crash stop as claimed in claim 5, further including a magnet (30, 34, 68)

mounted at the interconnected ends of the beams.
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s;'/st'em' froma beginning position in the direction of notion of the noving
body, and reactive notion of the nenbers of the systemin an opposite
direction fromthe original direction of the noving body, the reacti ve
noti on endi ng when the resilient nmenbers LfaCh t he beginning p

I s anot her object of the present inventio [

i
to provide a housi %Enﬁ "%Q;
carriage latch in a disc drive which will absorb the energy of“ L RE

actuator during a latching sequence brought about by a | oss of power to the
disc drive. It is another object of tRgdyweoti on to provide a latch
housi ng that is capabl e of

DISC DRIVE LATCH

A latch housing (50) for a carriage latch (26, 28, 30) in a disc drivé (2) comprising

a cantilever beam and a buckling beam. The cantilever beam (36, 52, 74, 78) and the
buckling beam (38, 54, 76, 80) are so oriented in relation to each other and the path of the
carriage that contact between a latching feature on the moving carriage and the carriage
latch occurs with the beams at an original position and causes the cantilever beam to
deflect in a cantilever mode and the buckling beam to deflect in a buckling mode until the
kinetic energy of the moving carriage (18) is converted to internal stresses in the material
of the beams. Reactive motion of the beams due to these internal stresses limits the return
to the oﬁginal position by a leashing action of the buckling beam. In a preferred

- embodiment, the latch housing is realised as a one-piece moulded compdqent, and the
material of the component as well as the dimensions and shapes of the cantilever beam and
buckling beam are all selected to limit the motion caused by contact between the moving
latch feature and the latch to a single excursion from the original position to a maximum

deflected position and back to the original position.

Fig. 2
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‘mfthétanding recurring inpacts fromthe Iatching sequence over the design
life of the disc drive. It is another ¢pject of the invention to provide a

‘latch housing that is inexpensive to manufacture and sinple to |nstaII in
the disc drive. These and ot her objects, features and benefit L
present invention will beconme evident through an exanination ¢; 5Eh ;,;

follow ng detailed description of the invention, when read in conjuntt10n ;
wi th the acconpanyi ng draw ngs. Accordingly, t he present invention as
defined in clains 1 and 5 includes a
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pair of beams, each fixed relative to each other at their first ends and
mutual |y connected at their second end t2y3 contact nmechanism The pair of
beans- are so disposed in relationship to each other and to t he.. dlrectlon of
travel of a noving body that contact between the noving bod ﬁdat%ef i g
contact mechani sm causes the first of the pair of beans to 5% ef di nﬁdilh a
bendi ng, or cantilever, node while the second of the pair of beans S
defornmed in a buckling, or bowi ng, node. A pogyf/pon of the kinetic energy of
t he nmoving body is dissipated by the deflectioh of the beans in the
original direction of travel of the noving bod}, and i nternal
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5 Strésses in the material of the beans induce reactive notion in the

direction opposite to the original direcyfion of travel of the noving body.
When the reactive notion of the system has achi eved the original_position
of the contact nechanism the second beaminhibits notion beyéhd!thi% i ;i ;

position. The materials and dimensions of the beans are sel ected! § {} | B4
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relative to the velocity and mass of the noving body to dissipate the
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C DRIVE LATCH
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This invention relates generally to the field of disc drive data storage devices and
more particularly, but not by way of limitation, to a latch housing for mounting and

supporting a latch mechanism for latching the moving head carriage of the disc drive and

.dissipating some of the kinetic energy of the moving carriage.

Systems to absorb the kinetic energy of mechanical shocks generated by contact
with a moving body, are well known in the art. The simplest of such systems include
some type of deformable member which deflects from its original position or shape in
response to impact from a moving body.

If the system is intended for "one-time" use, the deformable member may be

" permanently altered. An example of such a system is the “crushable" bodywork of certain

current automobiles, which are designed to absorb the destructive force of a coIlisioﬁ,
while diminishing the force transferred to occilpants of the vehicle.

Other common systems include _sofne type of resilient member designed to deform
at impact and return to its original condition after the kinetic energy of the contact has
been absorbed. An example of, 'j;erhaps, the simplest of this type of shock absorption
system is a rubber block mounted in the path of a moving object, such as a swinging door,
which deforms at impact and "bounces back" to its original shape. Other examples of this
type of mechanical shock absorption systems are easily recalled, including those which
incorporate springs, cantilevered beams and other resilient members.

Most simple systems which include resilient members, though, operate under the
assumption that the resilient member can be allowed to deflect, or deform, in the original

direction of movement of the moving body and then "spring” back past the original shape

o ;-_Qi'ﬁzlpczitior;{éf{..tﬁé resilient member, before returning, after perhaps several iterations of

. “'this oscillation, to the original, or neutral, position. This is indeed an acceptable response
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Fi gur;e 2is asinplified diagrammatic drawi ng which shows fhe operational
pri nci pl e of the present invention; Figure 3 is a pi@ vmggﬂ'[qg}@

enbodi ment of a latch housing in accordance w th thg presert—+aventy on;
Figure 4 is a plan view of a first variation of the}l atch heqyfigg,% of Figure
3; and Figure 5 is a plan view of a second variatioh of QGSIITR hbuki ng

of Figure 3. Turning now to the drawi ngs and nore spe¢ifically. to Elglre 1,
there is shown a plan view of a disc drive data stofage device in whith the

present i nfethesoystedSparticul arly

There are, however, cases in which such "bouncing” about a neutral position is

unacceptable, i.e., in which the system may be permitted to deflect only in the direction of
movement of the moving body, and must then return to the neutral position without
passing the original point of contact.

One such situation is found in the carriage latching mechanisms of disc drive data
storage devices.

Disc drive data storage devices of the type commonly referred to as "Winchester”
disc drives record, or write, and retrieve, or read, digital data on a magnetic medium
deposited on the surfaces of rotating rigid disc members. During operation, the air pulled
along by the spinning discs interacts with self - acting hydrodynamic air bearing surfaces
on read/write heads to "fly" the heads in close proximity to the discs, thus eliminating any
contact-induced wear on or damage to the heads or discs. An actuator mechanism is
typically employed to controllably move a vertically aligned array of read/write heads,
one per disc surface, to any desired one ofa plﬁrality of circular, concentric data tracks on
the discs. The rapidity of this movement, or seek time, is one of the principal criteria by
which the performance of the disc drive is judged. The quest for minimal seek time has
led to one of the greater challenges facing a designer of disc drives. Current high
performance disc drives utilise voice coil motors to move the heads from track to track,
and have achieved average seek times of less than ten milliseconds (0.010 seconds) with
great reliability. Such seek performance requires that the actuator achieve extremely high
velocities. For ir_lstance, a high-performance disc drive of the current technology using a
rotary voice coil actuator typically achieves radial velocities of 220 radians per second.
Even though the moving mass of the actuator is minimised by design, speeds of this order
créate a significant probler;l for the designer.

Moving-coil voice coil motors incorporate a coil of wire suspended within the field

of a permanent magnet, or array of magnets, and constrained by some type of mechanical
I
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useful . Shown is a disc drive 2 which includes a bas Je—4—t-o—hi
ot her conponents are either-directly or indirectly nt ed. At dvgr 6
engages with the base nmenber to forma sealed enviro nD & BOVs @gé tthe
delicate internal conponents from outside contam nanfsl A pluralityJof
discs 8 are nounted for rotation on a spipdle notor {not shown) via a ldi sc
~clanp 10. An array of vertically aligned heads, one of which—is—stromT at
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f'or rotatigBion. When DC current is applied to the coil, an interaction occurs between the

magnetic field induced about the coil and the magnetic field of the permanent magnets, in
accordance with the well known Lorenz relationship. If, however, power is removed
from the coil, as is the- case when power is interrupted to a disc drive, the coil is free to
move in an uncontrolled manner within the range defined by its mechanical attachment
‘mechanism. Such uncontrolled motion of the voice coil motor in a disc drive data storage
device is entirely unacceptable, since the loss of power to the actuator implies |

' simultaneous loss of power to the motor spinning the discs, and thus potentially damaging
contact between the heads and discs.

Because of this characteristic of voice coil actuators, the common practice in the
industry is to move the heads to a preselected position, or park zone, when any loss of
power is detected, and latch the actuator in this position until power is restored.
Obviously, since the parking sequence occurs in response to a loss of power, the speed of
the actuator during the parking sequence must be maximised, which, in turn, implies that
a high level of kinetic energy must- be dissipated by the latching mechanism. Further, the
challenge is to absorb this kinetic energy, and, at the same time, prevent the heads from
oscillating back and forth while direct contact between the heads and discs is possible due
to the deteriqration of the air bearing.

The features of the present invention are particularly suited to the above described
application, since it is capable of absorbing and dissipating the kinetic energy of a moving
body by deflecting from a neutral position in response to contact with the moving mass,
and includes a mechanism for lifniting the extent of motion of the system to a return to the
neutral position after such contact and deflection.

It is an object of the present invention to provide a system for the partial absorption
and dissipation of the kinetic energy of a moving body.

It is another object of the present invention to provide a system for the absorption

I
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6 about a pivot shaft 20, and this rotational MMEMEN by a
voice coil motor (VCM, shown generally at 22. t he VCM p| votE he

actuator body 18 about the pivot shaft 20, the 1ead50 AN ®obont rpl | abl y
. moved to any desired one of a plurality of tracksion the surfacesjof the
~discs along arcuate path 24. The actuator4body al So-Tncrudes a ca\rl age
| atch arm 26 whi ch supports a shorting

and dissipation of the kinetic energy of a moving body which can be used repeatedly.

It is another object of the present invention to provide a repeatedly-usable system
for the absorption and dissipation of the kinetic energy of a moving body in which the
kinetic energy of the moving body is dissipated by deformation of resilient members of the
system from a beginning position in the direction of motion of the moving body, and
reactive motion of the members of the system in an opposite direction from the original
direction ;Jf the moving body, the reactive motion ending when the resilient members
.reach the beginning position. _

It is another object of the present invention to provide a housing for a carriage
latch in a disc drive which will absorb the energy of the moving actuator during a latching
sequence brought about by a loss of power to the disc drive.

It is another object of the invention to provide a latch housing that is capable of
withstanding recurring impacts from the latching sequence over the design life of the disc
drive.

It is another object of the invention to provide a latch housing that is inexpensive to
manufacture and simple to install in the disc drive.

These and other objects, features and benefits of the present invention will become
evident through an examination of the following detailed description of the invention,
when read in conjunction with the accompanying drawings.

Accordingly, the present invention includes a pair of beams, each fixed relative to
each other at their first ends and mutually connected at their second end to a contact
mechanism. The pair of beams are so disposed in relationship to each other and to the
direction of travel of a moving body that contact between the moving body and the contact
mechanism causes the first of the pair of beams to be deformed in a bepding, or
cantilever, mode while the second of the pair of beams is deformed in a buckling, or
bowing, mode. A portion of the kinetic energy of the moving body is dissipated by the .

deflection of the beams in the original direction of travel of the moving body, and internal
S
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plate 28. As the heads 12 are noved to their i REPLA@EM&E§ :IT n the disc
8, this shorting plate 28 contacts a nagnetic ljajch 30 which hpl ds the
actuator in this position until the latch is r¢l gasgg NGNEIINer frost ext ent
. of travel of the heads 12 on the disc 8 is thug designated as ark zone,
~sonmetinmes referred to as a | anding zone. Detail}s erati oh of the
magnetic latch 30 may be found in co-pendidng UJ|S. Patent Applicaflion

07/ 975, 349, which is incorporated herein by reference. . In.disc drives, o
the currenstresehiuthggyaternal qfdhe BeameiBduesr vaetfﬁau%%@ef’fe%mbgpmﬁﬁ? %’e@w

when a 105 2t Weltionof Givel oF the moving b3ay° WtHthE RxctiOk GorfoR d tHPLRfent 2

has achieved the original position of the contact mechanism, the second beam inhibits
motion beyond this position. The materials and dimensions of the beams are selected
relative to the velocity and mass of the moving body to dissipate the kinetic energy of the
moving body in a single excursion of the pair of beams away from and back to their
.original positions. In a preferred embodiment of the invention, a latch housing for a disc
drive is shown in which the invention is implemented in a single, moulded part.

Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:

Figure 1 is a top plan view of a disc drive data storage device in which the present
invention is particularly useful;

Figure2isa sifnpliﬁed diagrammatic drawing which shows the operational
principle of the present invention; |

| Figure 3 is a plan view of a first embodiment of a latch housing in accordance

with the present invention;

Figure 4 is a plan view of a first variation of the latch housing of Figure 3; and

Figure 5 is a plan view of a second variation of the latch housing_ of Figure 3.

Turning now to the drawings and more specifically to Figure 1, there is shown a
plan view of a disc drive data storagé device in which the present invention is particularly
useful. Shownisa disé drive 2 which includes a base member 4 to which all other
components are either directly or indirectly mounted. A top cover 6 engages with the base
member to form a sealed environment to isolate the delicate internal components from
outside contaminants. A plurality of discs 8 are mounted for rotation on a spindle motor
(not shown) via a disc clamp 10. An array of vertically aligned heads, one of which is
shown at 12, is attached through ﬂexures- 14 fo a plurality of head mounting arms 16,

which are part of an actuator body 18. The actuator body 18 is mounted for rotation
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the position of the heads in the absence@j:p ’g{%@}ﬁ’ﬂ-ﬁ'ﬁr to the

coil, and any relative notion between the heads
di scs are not spinning can cause damage to the heafls 12, dj Z
There are sonme disc drive products which will al §o aIQQ\'NQ%i@
| at ch operation to be performed in response to a réceived ca

host conputer system Since the nost commbn reasén for
is to prevent damage due to the |oss of power tol

Il e the
r bot h.
pay ki and

roma
_parking the heads 12
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i ncunbent AR aowwgﬁhéfte?ooﬁmar@& rqjatwv@& moyemRalis @oweaqd e vméﬁﬁﬁvotm t he
heads 12 t?V&Rf) R cgwbn égr?e?'al? Ui t(eaeC?VI%)wots %Sa%:tuator body 18 about the pivot

shaft 20, the heads 12 are controllably moved to any desired one of a plurality of tracks on
the surfaces of the discs along arcuate path 24.
The actuator body also includes a carriage latch arm 26 which supports a shorting

plate 28. . As the heads 12 are moved to their innermost position on the disc 8, this

.shorting plate 28 contacts a magnetic latch 30 which holds the actuator in this position

until the latch is released. The innermost extent of travel of the heads 12 on the disc 8 is
thus designated as a park zone, sometimes referred to as a landing zone.

Details of the operation of the magnetic latch 30 may be found in co-pending U.S.
Patent Application 07/975,349, which is incorporated herein by reference.

In disc drives of the current technology, it is most common for the heads 12 to be
"parked” when a loss of power is detected. This is because the voice coil motor 22 cannot
control the position of the heads in the absence of available power to the coil, and any
relative motion between the heads 12 and discs 8 while the discs are not spinning can
cause damage to the heads 12, discs 8 or both. There are some disc drive products which
will also allow this park and latch operation to be performed in response to a received
command from a host computer system.

Since the most common reason for parking the heads 12 is to prevent damage due
to the loss of power to the disc drive, it is incumbent upon designers of disc drives to
ensure that the movement of the heads 12 to the park zone occurs as rapidly as possible.
This usually entails applying a maximum amount of éorrectly polarised DC current to the
coil of the VCM, and maintaining this current until the disc drivé's ability to supply the
current disappears. Typically, no detection means is incorporated in the disc drive to
determine when the heads 12 have reached the park zone.

An analysis of Figure 1 will show that such rapid movement of the heads to the

park zone results in a high speed collision between the shorting plate 28 on the actuator
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Thi s’ usual ly entails applying a maxi num anount )REM%%“M &@FT sed DC

current to the coil of the VCM and maintainingjthis current untii{ the disc
drive's ability to supply the current disappears$. | TYpkQfy $99610| dpt ecti on
means is incorporated in the disc drive to detefmjine when the hgafls 12 have
reached the park zone. An analysis of Figure 1 W [4—strowthat such rapid
novenent of the heads to the park zone re§u|ts ijn a hi gh speed l'ision

bet ween the shortl ng‘ pl ate 28 on the actuato
body 18 and the magnetic latch 30. Because of the relative delicacy of the components

mounting the heads 12, it is highly desirable if this contact between the shorting plate 28
and magnetic latch 30 is not a "hard” contact. That is to say, that there is some
compliance in the magnetic latch 30 or its mounting structure, hereinafter referred to as a
latch housing 32.

While compliance in the latch housing 32 is desirable, it is also desirable that the
_movement of the heads 12 be brought to a complete halt relative to the discs 8 as quickly
as possible. Therefore, any oscillation of the heads back and forth about the park position
should be discouraged. The inventive structure of the latch housing 32 is intended to
achieve this goal.

Figure 2 is a simplified diagram of the principle elements of the present invention,
and serves to demonstrate the operational principles of the present invention. In Figure 2,
a latch/contact mechanism 34 is shown which is analogous to the magnetic latch disclosed
in the above-cited co-pending patent application. The latch/contact mechanism 34 is
supported by a first beam member 36 and a second beam member 38, and the opposiie :
énds of the beam members 36, 38 are fixed relative to each other at a known distance
apart. The path of a moving body (not shown) is indicated by the arc 40, and represents
the path which would be followed by a body moving about point 42. The arc 40 can be.
seen to intersect with the latch/contact mechanism 34. It should be noted that the present
invention would work equally effectively in cooperation with a body moving along linear
path 44, which becomes tangential to the arc 40 at the point of contact with the
latch/contact mechanism 34. The first beam 36 is oriented in relationship to the
instantaneous path of the moving object at the point of contact such that it acts as a
cantilever beam, while the second beam 38 is oriented to the path of the moving object at
an angle which will cause the second beam 38 to buckle, or bow, under the force of
impact between the moving body and the latch/contact mechanism 34. The behaviour of

the beams 36, 38 after impact is shown by the dotted lines 46, 48. The deformation of the
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“latch 30 or its nmounting structure, hereinafter feferretd—to—as | gt ch
housing 32. Wiile conpliance in the | atch8housing 32 is desirable, |it is

al so desirgble

eams gg' a.;8 lt)rought about by the impact of a moving body on the latchlcontact
mechanism 34 develops internal stresses in the beams 36, 38 which tend to restore the
beams 36, 38 to their original shapes. In doing so, the latch/contact mechanism moves
back toward its original position, and when this original position is attained, the second
beam 38 has straightened to its original length and acts as a "leash” to prevent the
latch/contact mechanism 34 from "overshooting" its original position. If it is assumed that
the moving body "sticks” to the latch/contact mechanism 34, as would be the case in a
magnetic latch for a disc drive, then it is easy to see that such a system is capable of
absorbing the kinetic energy of the moving body by the deformation and deflection of the
beéms 36, 38, and returning the moving body and the latch/contact mechanism 34 to the
initial point of contact. If the mass and velocity of the moving body are known, it is
possible to select materials and dimensions for the two beams 36, 38 which will dissipate
all the kinetic energy of the moving body in a single excursion of the latch/contact
mechanism from the initial point of contact to a maximum deflected position and back to
the original position.

. Figure 3 is a plan view of a latch housing 50 made in accordance with the present
invention. In this embodiment of the present invention, the cantilever beam 52 and the
buckling beam 54 are both implemented in a single moulded part which also incorporates

mounting means 56 for attaching the latch housing 50 to the base member of the disc drive

~ (4 and 2, respectively, in Figure 1). Once the latch housing 50 is secured to the base

member 4, the first ends 58, 60 of the cantilever beam 52 and the buckling beam 54 are
fixed relative to each other by a pair of extremely rigid frame beams 62. The second ends
64, 66 of the cantilever beam 52 and the buckling beam 54 are connected to a latch -
receptacle 68 which is adapted to receive a latch mechanism (not shown) such as the one
disclosed in the above-cited co-pending application. With such a latch incorporated, the
point of contact between the moving carriage (not shown) and the latch housing 50 occurs

at the point designated 70 and the force of the carriage is exerted in the direction shown
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The | atch/ contact mechanism 34 is

carriage is moving when it contacts the latch are known factors which determine the

specific design of the latch housing 50.

Tests have shown that a suitable material for the fabrication of the latch housing is

Victrex (Registered Trade Mark) 450G PEEK, a product of ICI Advanced Materials,

Exton, Pennsylvania. This material was selected based on its strength charaql;eristics, as

well as other factors such as wear resistance, stability over the specified operating

temperature range of the disc drive, fire resistance and others. Other materials may be

used without violating the scope of the present invention.

Once the moving mass and velocity of the carriage are known and a material has

been selected, it is an exercise in proper engineering practices to design the cantilever

beam 52 and buckling beam 54. In Figure 3 it will be noted that the cantilever beam 52 is

significantly more robust than the buckling beam 54, and in such a configuration, the

majority of the kinetic energy of the moving carriage will be dissipated by the cantilever

action of the cantilever beam 52, with the buckling beam 54 being a relatively supple

member which acts primarily as a leash to limit the reactive motion induced in the system

by the stresses induced in the materials of the cantilever beam 52 and buckling beam 54.

By changing the configuration of the two beams 52, 54, the contribution of each beam to

the shock absorption of the system can be widely controlled.

Figure 4, for instance, shows a variation on the housing latch 50 of Figure 3. In

Figure 4, the cantilever beam 74 can be seen to have been modified by changing the shape

of the beam from a simple rectilinear bar to a shape in which the middle of the bar is

narrowed, which will lower the force necessary to deflect the cantilever beam 74, while

simultaneously lowering the reactive force which tends to straighten the cantilever beam

74. The buckling beam 76 has also been altered by increasing its cross-sectional area,

which will stiffen the buckling beam 76 and make it more resistant to bending. It is easy

to see that such o_::hanges will change the distribution of the forces exerted by the moving
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supported by a first beam menber 36 and a second beam nmenber 38, and the
opposite ends of the beam nenbers 36, 38 are fige gt+ve—t-0--0qCh ot her
at a known di stance apart. The path of a noving M(}}Mﬂ\a i

_indicated by the arc 40, and represents the patih fwhi ch™WoUura™og fiol | owed by
- a body noving about point 42. The arc 40 can bqg seeg 0 nlg s¢cf with the
|l atch/contact nechanism 34. It should be noted tf] téng ¥ 249 fnvention
woul d work equally effectively in cooperdQion Wit g|al ong

l'inear path 44, which becones tangential to thqg arc 40 at the pojnt of
cont act widairiagee | at ch/ contact mechani sm 34. The Ti1rst peam38™s oriented

in relationship to the
Figure 5 shows another variation of the housing latch in which the cantilever beam

78 is similar to that of Figure 4, while the buckling beam 80 has been reduced in cross-
sectional area to resemble the buckling beam 54 of Figure 3. With the cantilever beam 78
and the buckling beam 80 both thus "weakened", the overall energy distribution of the
system is.once agajh altered, producing a "softer” system overall, which result in larger
.motion of the system in response to contact with the moving carriage.

From the above discussion, it is apparent that various modifications to the
dimensions and shapes of the cantilever beam and buckling beam can be made to produce
a latch housing which performs to widely diverse specifications, without a change of
materials. If the .material properties of various materials are taken into consideration, the
combinations possible using the present invention are extremely varied.

It is evident that the present invention achieves the objects and meets the ends set
forth above, as well as those inherent therein. Various modifications may occur to one
skilled in the art. While a particular embodiment has been disclosed for purposes of
explanation, the scope of the invention is intended to be limited only by the appended

claims.

-
heet Has Been Rep|laced

"G



i nst ant aneous path of the noving object at the point of contact such that
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CLAIMS | Y S oL

1. A disc drive data storage device (2) comprising:

actuator means (18) having at one end thereof one or more heads ( 1_2), the or each
head for reading from and/or writing to a disc (8); |

a first contact member (26, 28) integral to and movable with said actuator means;
characterised by

a first resilient means (36, 52, 74, 78) having one end fixed and the other end
positioned relative to a path movement of said first contact means for substantially
cantilevered deflection;

a second resilient (38, 54, 76, 80) means having one end fixed and the other end
positioned relative to §aid path of movement of said first contact means for substantially
buckled deflection; and |

a second contact member (30, 34, 68) mounted to the other ends of both said first
fesilient means and said second resilient means for cooperation with said first contact
member;

whereby the beﬁding and bﬁckling of the respective resilient means acts to stop the
motion of said actuator along said path while the second resilient means acts to limit the
return motion of said second contact member when said second resilient means has

reached its at rest, unbuckled position.
2. A disc drive data storage device as claimed in claim 1, wherein said first contact
member is a first latching means and said second contact member is a second latching

means for engagement with said first latching means.

3. A disc drive data storage apparatus as claimed in claim 1 or 2, wherein said second
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4. A disc drive data storage device as claimed in any one of claims 1 to 3, in which

said first and second resilient means comprises a resilient material and the dimensions and

shape of the first and second resilient means being selected, based on the known mass and

velocity of the actuator to limit motion of the first contact member in Tesponse to contact

between the first and second contact member to a single excursion from the unbuckled

position to a deflected position and back to the unbuckled position.

5. A disc drive crash stop comprising:

a pair of beams (36, 52, 74, 78; 38, 54, 76, 80), each having one fixedly mounted

in a disc drive (2), the other ends of each bean connected to each other so that they move

in unison, the angle between the beams, as measured at a point of intersection between

lines drawn along the beams, being less than 90 degrees.

6. A crash stop as claimed in claim 5, further including a magnet (30, 34, 68)

mounted at the interconnected ends of the beams.
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magnetic latch for a disc drive, then it is easy to see that such a system
I s capabl e of absorbing the kinetic energy of: the noving body by the

def ormati on and defl ection of the beans 36, 38, and returning the noving
body and the | atch/contact nmechanism 34 to the initial poi
t he mass and velocity of the noving body e known, it is
. select materials and dinensions for the t beans 36, 38
dissipate all the kinetic energy of the noving body: in a
of the latch/contact mechanismfromthe initial point of
maxi mum def | ect ed position and back tqgdyrQ¢igi nal posit

| f

excur si on
Q¥ %994

DISC DRIVE LATCH

A latch housing (50) for a carriage latch (26, 28, 30) in a disc drive (2) comprising
a cantilever beam and a buckling beam. The cantilever beam (36, 52, 74, 78) and the
buckling beam (38, 54, 76, 80) are so oriented in relation to each otﬁer and the path of the
carriage that contact between a latching feature on the moving carriage and the carriage
latch occurs wifh the beams at an original position and causes fhe cantilever beam to
deflect in a cantilever mode and the buckling beam to deflect in a buckling mode until the
kinetic energy of the moving carriage (18) is converted to internal stresses in the material
of the beams. Reactive motion of the beams due to these internal stresses limits the return
to the oﬁginal position by a leashing action of the buckling beam. In a preferred
embodiment, the latch housing is realised as a one-piece moulded component, and the
material of the component as well as the dimensions and shapes of the cantilever beam and
buckling beam are all selected to limit the motion caused by contact between the moving
latch feature and the latch to a single excursion from the original position to a maximum

deflected position and back to the original position.

Fig. 2
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Figure 3 is a plan view of a latch housing 50 made in accordance with the
present invention. In this enbodi nent of the present invention, the

cantil ever beam 52 and t he buckling beam 54 are both inplenented in a

si ngl e nmoul ded part which al so i ncorporates nmounting nmeans 56 for attaching
-the latch housing 50 to the base nenber of the disc drive (4 and 2,

- respectively, in Figure 1). Once the |l atgh housing 50 | ecured to the
base menber 4, the first ends 58, 60 of the cantil ever
buckling beam 54 are fixed relative to each other by
rigid franme beans 62. The second ends 64, 66 of the cdn
t he buckling beam 54 are connected to a latch
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recebt acle 68 which is adapted to receive a |latch nechani sm (not shown)
such as the one disclosed in the above-cited co-pending application. Wth
such a latch incorporated, the point of contact between the novi ng carriage

(not shown) and the |atch housing 50 occurs at the point ¥ SY-Ya N 0 g
the force of the carriage is exerted in the direction sh Shas *QL&&HEH
In practice, the noving mass of the carriqage a he vel C|.ty at whi ch™Tthe

U6 NOV 1594

\.

This Sheet H;

HIIIII Illlll llll imed



3

carriage is noving when it contacts the latch are known factors which
determ ne the specific design of the latch housing 50. Tests have shown
that a suitable material for the fabrication of the |atch housing is

Victrex (Registered Trade Mark) 450G PEEK, a product of 1C Ay ]
Materials, Exton, Pennsylvania. This material was sel ected %@%ﬁiﬁﬁﬁ%&ﬂl}m
-strength characteristics, as well as otheg factors such as|wkar resistance}
stability over the specified operating tenperat ge o he) 8w Ei;@hve
fire resistance and others. Qther nmaterials pe d w .hput vi ol at'i'Ag

‘the scope of the presen

. This Sheet
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Once t:he novi ng mass and velocity of the carriage are known and a mat eri al —

has “been-sel ec

design the cam

not.ed that th
buckl i ng beam
energy of the
of the cantil ¢

ted, it is.a cise in proper eng TR CEENTCEERTS = SG_
MERANSHEERND buckling beam 54 o 3icbd W.Itb paged 1O
Egﬁé@ﬁhycr peagn $2 is significantly . 1Jiag he paged 12,
54, and in suchlajconfiguration, the Ki gt pezed 3.
mdvi AP ARR 9% e |will | be di ssi pated by 9% egéi%tioogfged,:

vegr beam 52, witth{the buckling beam $4% refative \ _

suppl e menber which acts primarilly aleash t ijm-t the reactive ®jlqq
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i nduced in thel_systemby—+he—strTes

canfil ever beam 52 and buckling beam 54.

This invention relates generally to the field of disc drive data storage devices and
more particularly, but not by way of limitation, to a latch housing for mounting and
supporting a l_atch mechanism for latching the moving head .carriage of the disc drive and
dissipating so.me of the kinetic energy of the moving carﬁage.

Systems to absorb the kinetic energy of mechanical shocks generated by contact
with a moving body, are well known in the art. The simplest of such systems int:ldde _
some type of deformable member which deflects from its original position or shape in
response to impact from a moving body. |

If the system is intended for "one-time" use, the deformable member may be
permanently altered. An example of such a system is the "crushable” bodywork of certain
current automobiles, which are designed to absorb the destructive force of a mllisioﬂ,
while diminishing the force transferred to occupants of the vehicle.

Other common systems include some type of resilient member designed to deform
at impact and return to its original condition after the kinetic energy of the contact has

been absorbed. An example of, perhaps, the simplest of this type of shock absorption

. system is a rubber block mounted in the path of a moving object, such as a swinging door,

which deforms at impact and "bounces back" to its original shape. Other examples of this
type of mechanical shock absorption systems are easily recalled, including those which
incorporate springs, cantilevered beams and other resilient members.

Most simple sysl;:ms which include resilient members, though, operate under the
assumption that the resilient member can be allowed to deflect, or deform, in the original
direction of movement of the moving body and then "spring” back past the original shape
or location of the resilient member, before returning, after perhaps several iterations of

this oscillation, to the original, or neutral, position. This is indeed an acceptable resporise



By changing the confi gun"ui! e sbeanms 52, 54, the contribution of
each beam to the shock r\ﬂﬁ!oh}*‘ b isystem can be widely controll ed.
Figure 4, for instance,|{shows a variatijon on the housing latch 50 of Figure
3. :(In Figure 4, the canti eves Aaeagn);ﬂ can be seen to have been nodified by
changi ng the shape of the|beamfroma sj e rectilinear bar to a shape in
whi ch the m ddl e of the]bat—ts-—arrowed, ich will |ower the force

necessary tHlGs F¥SIEMEhe cantil ever beam74, while sinultaneously | owering
th ti f whi tends t tral ghten,th at | 74. Th
bUCKl | ng. beam 7 TRELAls, BavEwEy cisfs B} e b - heihefRg shol el Bofiion ity

area, unacceptable, i.e., in which the system may be permitted to deflect only in the direction of

movement of the moving body, and. must then return to the neutral position without
passing the original point of contact. |

One such situation is found in the carriage latching mechanisms of disc drive data
storage devices.

Disc drive data storage devices of the type commonly referred to as "Winchester"

disc drives record, or write, and retrieve, or read, digital data on a magnetic medium

SN

deposited on the surfaces of rofating rigid disc members. During operation, the air pulled
along by the spinning discs interacts with self - acting hydrodynamic air bearing surfaces
on read/write heads to "fly" the heads in close proximity to the discs, thus eliminating any
contact-induced wear on or damage to the heads or discs. An actuator mechanism is
typically employed to controllably move a vertically aligned array of read/write heads, .
one per disc surface, to any desired one ofa pfurality of circular, concentric data tracks on
the discs. The rapidity of this movement, or seek time, is one of the principal criteria by
which the performance of the disc drive is judged. The quest for minimal seek time has
led to one of the greater challenges facing a designer of disc drives. Current high

performance disc drives utilise voice coil motors to move the heads from track to track,

RN ..__'r

and have achieved average seek times of less than ten milliseconds (0.010 seconds) with
great reliability. Such seek performance requires that the. actuator achieve extremely high
velocities. For instance, a high-performance disc drive of the current technology using a
rotary voice coil acmato; typically achieves radial velocities of 220 radians per second.
Even though the moving mass of the actuator is minimised by design, speeds.of this order
create a significant problem for the designer. _

Moving-coil voice coil motors incorporate a coil of wire suspended within the field

of a permanent magnet, or array of magnets, and constrained by some type of mechanical



\t/)\hi-gh!v(/ifll stiffen the buckling beam 76 and nake it;nffé Tesistant fo
erndding.-lt is easy to see that such changes w || chang ko@tri bug i on
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vari ati-on of the housing latch in which the cantil eyet—beam78-Ts s njl ar
to that of Figure 4, while the buckling béam 80 has|been reduced in cfoss-
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attachment mechanism which defines and restricts the coil's direction and extent of

motion. When DC current is applied to tﬁe coil, an interaction occurs between the
magnetic field induced about the coil and the magnetic field of the permanent magnets, in
accordance with the well known Lorenz relationship. If, however, power is removed
from the coil, as is the. case when power is interrupted to a disc drive, the coil is free to
move in an uncontrolled manner within the range defined by its mechanical attachment
mechanism. Such uncontrolled motion of the voice coil motor in a disc drive data storage
device is entirely unacceptable, since the loss of power to.the actuator implies
simulténeous loss of power to the motor spinning the discs, and thus potentially damaging
contact between the heads and discs. |
Beéause of this characteristic of voice coil actuators, the common practice in the

industry is to move the heads to a preselected position, or park zone, when any loss of

‘power is detected, and latch the actuator in this position until power is restored.

Obviously, since the parking sequence occurs in response to a loss of power, the speed of
the actuator during the parking sequence must be maximised, which, in turn, implies that
a high level of kinetic energy must be dissipated by the latching mechanism. Further, the
challenge is to absorb this kinetic energy, and, at the same time, prevent the heads from

oscillating back and forth while direct contact between the heads and discs is possible due

to the deterioration of the air bearing.

The features of the present invention are particularly suited to the above described
application, since it is capable of absorbing and dissipating the kinetic energy of a moving
body by deflecting from a neutral position in response to contact with the moving mass,
and includes a mechmi;m for limiting the extent of motion of the system to a return to the
neutral position after such contact and deflection. |

It is an object of the present invention to provide a systém for the partial absorption
and dissipation of the kinetic energy of a moving body.

It is another object of the present invention to provide a system for the absorption
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sectlonal area to resenbl e the buckling beam 54 ofg the
canti | ever beam 78 and t he buckling beam 80 both tth@s "weakened", |tHhe
overal | energy distribution of the systemis once §ag§al | ':BFPEHGQB dr dduci ng
a "softer" systemoverall, which result in larger jotion of the systlemin
response to contact with the noving carriage. Fron the above discusgion, it
I s apparent that various nodifications to the di nensions and shapes lof the
canti | evemntialissipation mfthe kingtib eaengyaf abmoving dody whichi carebe used: repeatedlyi ng
whi ch perforns to w dely diverse specifications, wthout a change of
materials. |f tlhés anateer obijeqsrofhe presentdnventiondoprowiden f@ﬂ’%‘t“é?‘k“%i@aﬂsﬁm 0

consi deration, the
for the absorption and dissipation of the kinetic energy of a moving body in which the

kinetic energy of the moving body is dissipated by deformation of resilient members of the
system from a beginning position in the direction of motion of the moving body, and
reactive motion of the members of the system in an opposite direction from the original
direction of the moving body, the reactive motion ending when the resilient members
reach the beginning position.

It is another object of the present invention to provide a housing for a carriage

latch in a disc drive which will absorb the energy of the moving actuator during a latching
sequence brought about by a loss of power to the disc drive.

It is another object of the invention to provide a latch housing that is capable of
withstanding recurring impacts from the latching sequence over the design life of the disc
drive. ' |

It is another object of the invention to provide a latch housing that is inexpensive to
manufacture and simple to install in the disc drive.

These and other objects, features and benefits of the present invention will become
evident through an examination of the following detailed description of the invention,

Lot when read in conjunction with the accompanying drawings.

Accordingly, the present invention as defined in claims 1 and 5 includes a
pair of beams, each fixed relative to each other at their first ends and mutually
connected at their second end to a contact mechanism. The pair of beams are so
disposed in relationship-to each other and to the direction of travel of a moving
body that contact between the moving body and the contact mechanism causes the
first of the pair of beams to be deformed in a bending, or cantilever, mode while
the second of the pair of beams is deformed in a buckling, or bowing, mode. A
portion of the kinetic energy of the moving body is dissipated by the deflection of
the beams in the original direction of travel of the moving body, and internal
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conbi nations possible using the present invent{f tJAuyﬁ vari ed.
Whiie a particul ar enbodi ment has been discl oskd purp ses lof

expl anation, the scope of the-invention is intén Eed"@é PRel? 95 miged only by
t he appended cl ai ns. 1. A disc drive dat@ $torage devi (R)
conprising: actuator neans (18) having atS5one énd thereof one or| nore heads

(12), the or
i stresses in the material of the beams induce reactive motion in the direction opposite to the

original direction of travel of the moving body. When the reactive motion of the system
has achieved the original position of the contact mechanism, the second beam inhibits
motion beyond this position. The materials and dimensions of th-e beams are selected
relative to the velocity and mass of the moving body to dissipate the kinetic energy of the
moving body in a single excursion of the pair of beams away from and back to their
original positions. In a preferred embodiment of the inventibn, a latch housing for a disc
drive is shown in which the invention is implemented in a single, moulded paﬁ.
Embodiments of the present invention will now be described with reference to the
(— accompanying drawings, of which:
Figure 1 is a top plan view of a disc drive data storage device in which the present
invention is particularly useful;
Figure 2 is a simplified diagrammatic drawing which shows the operational
principle of the present invention;
Figure 3 is a plan view of a first embodiment of a latch housing in accordance
with the present invention; _
Figure 4 is a plan view of a first variation of the latch housing of Figure 3; and
Figure 5 is a plan view of a second variation of the latch housing of Figure 3.
S Turning now to the drawings and more specifically to Figure 1, there is shown a-
pian view of a disc drive data storagé device in which the present invention is particularly
useful. Shown is a disc drive 2 which includes a base member 4 to which all other
components are either di}'ectly or indirectly mounted. A top cover 6 engages with the base
member to form a sealed environment to isolate the delicate internal components from
outside contaminants. A plurality of discs 8 are mounted for rotation on a spindle motor
(not shown) via a disc clamp 10. An array of vertically aligned heads, one of which is
shown at 12, is attached through flexures 14 fo a plurality of head mounting arms 16,

which are part of an actuator body 18. The actuator body 18 is mounted for rotation
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each head for readihf fﬁﬁrand’ftﬁ‘ Witing to a disc (8); a first contact
menber, (26, 28) int (=g % Wag% vabj{ e with said actuator neans; said disc
drive data storage de ic% d 8 rised by a first resilient beam (36, 52,
74,. 78) ~havi ng one é¢nd_fixed-on-sai-tl (i sc drive and the other end
positioned relativelto a pat h novenen f ®aid first cont act neans for

subst anti aI cant W second.resi | (38,54, 7 80

beam havi nd %Héa Qh"(?tﬁ‘ b &0 andthisFot Eald'f‘ &S PRCT 8& ra‘é%ﬁe 6L P{q?% )

relative t O(V’%f’l{llsl| S é)éner y ersst Al uRdaM fn%fs thBée@ftbr body 18 about the pivot
shaft 20, the heads 12 are controllably moved to any desired one of a plurality of tracks on

the surfaces of the discs along arcuate path 24.

The actuator body also includes a cﬁage latch arm 26 which supports a shorting
plate 28. As the heads 12 are moved to their innermost position on the disc 8, this
shorting plate 28 contacts a magnetic latch 30 which holds the actuator in this position
until the latch is released. The innermost extent of travel of the heads 12 on the disc 8 is |
thus designated as a park zone, sometimes referred to as a landing zone. |

¢+ Details of the operation of the magnetic latch 30 may be found in co-pending U.S.
Patent Application 07/975,349, which is incorporated herein by reference.

In disc drives of the current technology, it is most common for the heads 12 to be -
"parked” when a loss of power is detected. This is because the voice coil motor 22 cannot
control the position of the heads in the absence of available powef to the coil, and any
relative motion between the heads 12 and discs 8 while the discs are not spinning can |
cause damage to the heads 12, discs 8 or both. There are some disc drive products which
will also allow this park and latch operaﬁon to be performed in response to a received
command from a host computer system.

Since the most common reason for parking the heads 12 is to prevent damage due

)

to the loss of power to the disc drive, it is incumbent upon designers of disc drives to
ensure that the movement of the heads 12 to the park zone occurs as rapidly as possible.
This usually entails applying a maximum amount of correctly pqlarised DC current to the
coil of the VCM, and r;_aintaining this current until the disc drive's ability to supply the
current disappears. Typically, no detection means is incorporated in the disc drive to
determine when the heads 12 have reached the park zone.

An analysis of Figure 1 will show that such rapid movement of the heads to the

park zone results in a high speed collision between the shorting plate 28 on the actuator
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means .f or subst ant ial '9‘”buckl ed defll éction; and a second contact nember
(380, 34,-68) nount d to,tj'n ttm en s of both said first resilient neans
and said second resj Iient rr%a ooperation with said first contact
menber ;.. whereby thej b uckling of the respective resilient beans
~acts to stop the nofion of said_act or a'long said path while the second

resilient beamactsTo Iim¢t th t t nb
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mounting the heads 12, it is highly desirable if this contact between the shorting plate 28

and magnetic latch 30 is not a "hard” contact. That is to say, that there is some

compliance in the magnetic latch 30 or it§ mounting structure, hereinafter referred to as a

latch housing 32. |

. While compliance in the latch housing 32 is desirable, it is also desirable that the

movement of the heads 12 be brought to a complete halt relative to the discs 8 as quickly

as possible. Therefore, any oscillation of the heads back and forth abou.t' the park position |

should be discouraged. The inventive structure of the latch housing 32 is intended to
(- achieve this goal.

Figure 2 is a simplified diagram of the principle elements of the present invention,

and serves to derﬁonstrate the operational p_rinciples of the present invention.I In Figure 2,
a latch/contact mechanism 34 is shown which is analogous to the magnetic latch disclosed
in the above-cited co-pending patent application. The latch/contact mechanism 34 is
supported by a first beam member 36 and a secbnd beam member 38, and the opposife -
ends of the beam members 36, 38 are fixed relative to each other at a known distance
apart. The path of a moving body (not shown) is indicated by the arc 40, and represents
the path which would be followed by a body moving about point 42. The arc 40 can be.
seen to intersect with the latch/contact mechanism 34. It should be noted that the present
invention would work equally effectively in cooperation with a body moving along linear
path 44, which becomes tangential to the arc 40 at the point of contact with the
latch/contact mechamsm 34, The first beam 36 is oriented in relationship to the
instantaneous path of the moving object at the point of contact such that it acts as a
cantilever beam, while the second beam 38 is oriented to the path of the moving object at
an angle which will cause the second beam 38 to buckle, or bow, under the force of
impact between the moving body and the latch/contact mechanism 34. The behaviour of

the beams 36, 38 after impact is shown by the dotted lines 46, 48. The deformation of the
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menber
nmeans.

A disc driveMAREEINS
first .cg')nt act ne riis a first |dtghing neans and said second contact
i s a second} | jat A3 ABRIMEShs if dr engagenent with said first |atching

= -vitce as clainmed in claiml1l, wherein said

A dis rive data stdrdge apparatus as clainmed in claim1l or

2, wherein said sefond Tatching neanfs com@ises a permanent magnet.

‘beams 36, fig brought about by the impact of a moving body on the latch/contact

mechanism 34 develops internal stresses in the beams 36, 38 which tend to restore the
beams 36, 38 to their original shapes. In doing so, the latch/contact mechanism moves
back toward its original position, and when this original position is attained, the second
beam 38 has straightened to its original length and acts as a "leash” to prevent the
latch/cbntact mechanism 34 from "overshooting" its original position. If it is assumed that
the moving body -“sficks" to the latch/contact mechanism 34, as would be the case in a
magnetic latch for a disc drive, then it is easy to see that such a system is capable of
absorbing the kinetic eriergy of the mo_vihg_ body by the deformation and deflection of the
beams 36, 38, and returning the moving body and the latch/contact mechanism 34 to the
initial point of contact. If the mass and velocity of the moving body are known, it is
possible to select materials and dimensions for the two beams 36, 38 which will dissipate

all the kinetic energy of the moving body in a single excursion of the latch/contact

~ mechanism from the initial point of contact to a maximum deflected position and back to

the original position.

Figure 3 is a plan view of a latch housing 50 made in accordance with the present
invention. In this embodiment of the present invention, the cantilever beam 52 and the
buckling beam 54 are both implemented in a single moulded part which also incorporates

mounting means 56 for attaching the latch housing 50 to the base member of the disc drive

" (4 and 2, respectively, in Figure 1). Once the latch housing 50 is secured to the base

member 4, the first ends 58, 60 of the cantilever beam 52 and the buckling beam 54 are
fixed relative to each other by a pair of extremely rigid frame beams 62. The second ends
64, 66 of thé cantilever ;Jeam 52 and the buckling beam 54 are connected to a latch
receptacle 68 which is adapted to receive a latch mechanism (not shown) such as the one
disclosed in the above-cited co-pending application. With such a latch incorporated, the
point of contact between the moving carriage (not shown) and the latch housing 50 occurs

at the point designated 70 and the force of the carriage is exerted in the direction shown
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12 4. .~ A disc drilve[data storage |ddvice as clainmed in any one of clainms 1
to 3, jn-which saidff]rst ?‘ag@@yo diresilient beam conprises a resilient
mat eri al and the di repsi ons and shapg of the first and second resilient
beam bet-ng sel ect ed mass and velocity of the actuator
to limt rmotion of {he first contact nbe? in response to contact between

“the first d ' C noer, ' | .
unbuckl oa (RGHERY T4 dlrpracioee ECHoYBE ks f Muf spade 0 P ek Fpieh the

position. carriage is moving when it contacts the latch are known factors which determine the

specific dgsign of the latch housing 50. _
Tests have shown that a suitable material for the fabrication of the latch housing is
Victrex (Registered Trade Mark) 450G PEEK, a.product of ICI Advanced Materials,
Exton, Pennsylvania. This material was selected based on its strer_tgth characteristics, as
well as other factors such as wear resistance, stability over the specified operating |
température range of the disc drive, fire resistance and others. Other materials may be
- used without violating .the scope of the present invention.
( ' Once the moving mass and velocity of the carriage are known and a material has
been selected, it is an exercise in proper engineering practices to design the cantilever
- beam 52 and buckling beam 54. In Figure 3 it will be noted that the cantilever beam 52 is
significantly more robust than the buckling beam 54, and in such a configuration, the
majority of the kinetic energy of the moving carriage will be dissipated by the cantilever
action of the cantilever beam 52, with the buckling beam 54 being a relatively supple
member which acts primarily as a leash to limit the reactive motion induced in the system
by the stresses induced in the materials of the cantilever beam 52 and buckling beam 54.
By changing the configuration of the two beams 52, 54, the contribution of each beam to

the shock absorption of the system can be widely controlled.

Figure 4, for instance, shows a variation on the housing latch 50 of Figure 3. In
Figure 4, the cantilever beam 74 can be seen to have been modified by changing the shape
" of the beam from a simple rectilinear bar to a shape in which the middle of the bar is
narrowed, which will lo\wer the force necessary to deflect the cantilever beam 74, while
simultaneously lowering the reactive force which tends to straighten the cantilever beam
74. The buckling beam 76 has also been altered by increasing its cross-sectional area,
which will stiffen the buckling beam 76 and make it more resistant to bending. It is easy

to see that such changes will change the distribution of the forces exerted by the moving



5. ° 4A disc drive crash stop conprising: a pair of_heans (36, 52, 74,78;
38,5 76, 80), each having one end fixedly m)uml‘ Th ] (2)
t he other ends of each beam connected to each ot hnREPLRCEﬂM&H‘ '\gpl ect in
uni-son, - t he angl e between the beans, as neasured ft{a point of infefsection
between |ines drawn al ong the beans, bei ni; | ess thaph 9054851983, . A

crash stop as clained in claim5, further Pncl udi g nagnet (30,{ 34, 68)

nmount ed atcmgénterconnect ed ends of the beans.

Figure 5 shows another variation of the housing latch in which the cantilever beam
78 is similar to that of Figure 4, while the buckling beam 80 has been reduced in cross-
sectional area to resemble the buckling beam 54 of Figure 3. With the cantilever beam 78
and the buckling beam 80 both thus "weakened", the overall enérgy distribution of the
| system is once agaih altered, producing a “softer” system overall, which resu_it in larger
iriotion of the system in response to contact with the moving carriage. |
From the above dlSCUSSlOTl, itis apparent that various modifications to the

dimensions and shapes of the cantxlever beam and bucklmg beam can be made to produce

) a latch housing which performs to widely diverse specifications, without a change of
materials. If the material properties of various materials are taken into cons1deratlon, the

combinations possible using the present invention are extremely varied.

While a particular erhbodiment has been disclosed for purposes of explanation,
the scope of the invention is intended to be limited only by the appended claims.
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1. A disc drive data storage device (2) comprising:
actuator means (18) having at one end thereof one or more heads (12), the or |
each head for reading from and/or writing to a disc (8);

a first contact member (26, 28) integral to and movable with said actuator
means; said disc drive data storage device characterised by | S

a first resilient beam (36, 52, 74, 78) having one end ﬁXed on said disc dnve . -
and the other end positioned relative to a path movement of said first contact means - "
for substantially cantilevered deflection; ' ' B .

a second resilient (38, 54, 76, 80) beani having_'bne end fixed on said disc drivé o
and the other end positioned relative to said path of movement of said first contact o
means for substantially buckled deflection; and - _

a second contact member (30, 34, 68) mounted to the other ends of both séid | _.'
first resilient means and said second resilient means for cooperation with said first - |
contact member;

whereby the bending and buckling of the respective resilient beams acts to stop
the motion of said actuator along said path while the second resilient beam acts to
limit the return motion of said contact member when said second resilient beam has

reached its at rest, unbuckled position.

2. A disc drive data storage device as claimed in claim 1, wherein said first
. contact member is a first latching means and said second contact member is a second

latching means for engagement with said first latching means.

3. A disc drive data storage apparatus as claimed in claim 1 or 2, wherein said

second latching means comprises a permanent magnet.
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which said first and second resilient beam comprises a resilient material and the
dimensions and shape of the first and second resilient beam being selected, based on
the known mass and velocity of the actuator to limit motion of the first contact
member in response to contact between the first aﬁd_ second contact member to a
single excursion from the unﬁuckled poSitioﬁ to a deﬂ@Cted position and back to the - |

unbuckled position. |

5. A disc drive crash stop comprising: :

: a pair of beams (36, 52, 74, 78; 38, 54, 76, 80), each having one end ﬁxédly
mounted in a disc drive (2), the other ends of each beam connected to each other so
that they deflect in unison, the angle between the beams, as measured at a point of

intersection between lines drawn along the beams, being less than 90 degrees.'

6. A crash stop as claimed in claim 5, further including a magnet (30, 34, 68)

mounted at the interconnected ends of the beams.
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DISC DRIVE LATCH

A latch housing (50) for a carriage latch (26; 28, 30) in a disc drive (2) comprising
a cantilever beam and a Bﬁckling beé.m. _The qantilever beam (36, 52, 74, 78) and the
buckling beam (38, 54, 76, 80) afe so oriented in relation to each otﬁer and the path of the
carriage that cohtact between a Iatching 'feéture on the mdving carriage and the cﬁrriage
latch occurs with the bearﬁs at an original position and causes the cantilever beam to
deflectin a cantiléver mode and the buckling beam to deflect iﬁ a buckling mode until the
kinetic energy of the moving carriage (18) is converted to internal stresses in the material

of the beams. Reactive motion of the beams due to these internal stresses limits the return

to the oﬁginal position by a leashing action of the buckling beam. In a preferred

embodiment, the latch housing is realised as a one-piece moulded component, and the
material of the component as well as the dimensions aﬁd shapes of the cantilever beam and
buckling beam are all selected to limit the motion caused by contact between the moving
latch feature and the latch to a single excursion from the original position to a maximum

deflected position and back to the original position.

Fig. 2
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