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Backaround of the Invention

This invention relates ‘to automation for placing
covers on shipping cassettes and taking covers off
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E¥ Descri

shipping cassettes.
10 Magnetic disks are typlcally shipped in plastlc

cassettes, such as the cassettes described in U.S.
Patent 4,557,382, issued to Douglas M. Johnson on
December 10, 1985, and incorporated herein by
reference. Figs. 1A to 1D show a cassette 1 which
15 includes slots 2 for receiving magnetic disks 3 (shown

Drawin

Ba
=g

'~ in Fig. 2). _
Cassette 1 includes a top opening 4 for receiving
a top cover 5 and a bottom opening 6 for receiving a
bottom cover 8. '

20 . . Bottom cover 8 includes a rim 10 which surrounds
and mates with walls 12 at the bottom of cassette 1.
Bottom cover 8 is held on cassette 1 by a friction fit.
The top of cassette 1 includes a rim 27, which is

received by a slot 28 in top cover 5.
25 As can be seen in Fig. 1B, the sides of cassette 1

includes slots 16 surrounded by slot rims 18. The
sides df'top cover 5 include tongues 20 which cover

hold top cover 5 in place. Each catch 23
Binted bottom surface 24 (Figs. 1C and 1D)

35 23 pass rims 18, tongues 20 snap back and catches 23
engage with rims 18. To remove top cover 5 from
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Bac ﬁy nvention This invention relates to automation for
plaﬁmagng¢353 on shi ppi ng cassettes and taking covers off shipping
cassettes. Magneti c disks are typically shipped in plastic cassettes,
such as the cassettes described in U S.

cassette 1, one must pull tongues 20 outwardly (again,
in the direction of arrow A) prior to lifting top cover
5 from cassette 1. '

Of importance, when top cover 5 and bottom cover 8

5 are placed on cassette 1, magnetic disks within the

cassette are completely enclosed and protected from
dust and other contaminants. Cassette 1 is typically.
used to transport the disks to different manufacturing
stations during the disk manufacturing process (e.g. to

10 stations where the disks are plated, textured, cleaned

" sputtered or lubricated) and to ship disks to
customers. It is desirable to automate as much of the
manufacturing process as possible, and it is known in
the art to provide automation which removes top cover 5

15 and bottom cover 8 from cassette 1 during various
manufacturing steps, and then places the top and bottom
covers back on the cassette.

‘Many of the manufacturing steps during magnetic
disk manufacturing require extremely clean environ-

20 menté, e.g. a "class 10" manufacturing environment.
(Class 10 is a manufacturing standard established by
the International Standards Organization, or ISO.) We
have discovered that if the machinery used to place top
cover 5 onto cassette 1 simply pushes top cover 5

25 downward so that catches 23 are pushed outward and then

| snap back over rims 18, contamination particles can be
generated when catches 23 snap back over rims 18.

These contamination particles can cause problems during
disk manufacturing and use, and negatively impact

30 yields.

Summa of the Invention
It is an object of the invention to reduce the
amount of human interaction during disk manufacturing.
35 It is another object of the invention to reduce
particle contamination, yield loss and damage during
-
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Pat @hmgw%géb dooshiSsued to Douglas M Johnson on Decenber 10, 1985, and
I NC o1t @fl:odael €1 N by reference. Figs. 1A to 1D show a cassette 1 which

i ncludes slots 2 for receiving magnetic disks 3 (shown in Fig. 2).
Cassette 1 includes a top opening 4 for receiving a top cover 5 and a
bottom opening 6 for receiving a bottom cover 8. Bottom cover 8

I ncludes a rim 10 which surrounds and mates with walls 12 at the bottom of

cassette 1. BotimgCumluidudiglgl on cassette 1 by a friction fit. The top

of cassette 1 includes a rim?27, Which is
It is another object of the invention to

facilitate automation at various points during the disk
manufacturing process. )

5 It is another object of the invention to provide
improved automation for removing covers from cassettes
and placing covers back onto the cassettes during
manufacturing.

It is another object of the invention to provide
10 improved automation for placing covers onto cassettes
in a manner which minimizes particle generation.
Apparatus in accordance with our invention
includes a modular structure for removing top and
bottom covers from and placing top and bottom covers on
15 a cassette. The cassette typlcally contains magnetic
disks, although our invention can be used in
conjunction with cassettes that carry other products,
e.g. semiconductor wafers, magneto-optic disks, etc.
Of importance, the module includes upper and lower
20 structures, each of which comprises a pair of arms,
each arm comprising one or more fingers. The upper
structure removes top covers from and places top covers
onto caésettes. Similarly, the lower structure removes
‘bottom covers from and places bottom covers onto
25 cassettes. '

' Initially, during use, the cassette is brought
into a station within the apéaratus and a set of
clamping fingers clamp the cassette in place. Also,
initially, the arms of the upper and lower structures

30 are extended outward. The upper structure is pushed
downward onto the top cover, and then the lower
structure is pushed upward against the bottom cover.
The lower structure arms are then brought inward so
that the fingers of the lower structure arms engage

35 with the bottom cover. The lower structure is then

' brought downward, and the bottom cover is carried
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Fec@h&@g«@%aﬁuﬁkﬁ&.ZB in top cover 5. As can be seen in Fig. 1B, the
10}, nﬂﬂagai%e ? I ncl udes slots 16 surrounded by slot rins 18. The

sides of top cover 5 include tongues 20 which cover slots 16 when top cover
5 is placed on cassette 1. A catch 23 (on each of the tongues 20) engages
with one of rins 18 to hold top cover 5 in place. Each catch 23 include
sl anted bottom surface 24 (Figs. 1C and 1D) such that if one pushes top

cover 5 downwar GRififard By Ithe tISWBIE SsFudE Erd}shed Qatwﬁéfléu%i Pehbfed

direction of arrows A_until catches 23 pass rins 18. Wen catc

es 23 pas

rims 18, tonguefZRM &hf IRRSEER! cat ches 23
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The arms of the upper structure are then brought
inward, and the fingeré of the arms of the upper
structure are pushed upward so that the finggrs engage
with the tongues of the top cassette cover.: The arms
then swing outwardly so that the fingers pull the
tongues outwardly. The upper. structure is then moved
upwardly, thereby taking the top cover off the
cassette. The clamping fingers then release the
cassette, and the cassette is moved to another station
where manufacturing steps can be performed on the disks
contained therein.

The apparatus in accordance with our invention
also places the covers back on the cassette. This is
typically accomplished by placing the cassette within
the apparatus, holding the cassette in place with the
clamping fingers, bringing the upper structure downward
(with the arms still extending outward), thereafter

bringing the upper structure arms inward, bringing the

fingers downward so that they no longer engage with the
tongues of the top cover, and bringing the arms
outward. It is noted that by using these steps to
place the top cover on the cassette, there is no

snapping of the catches over the rims as described

above. This is important in order to avoid generating
dust and other contaminants known in the art as
particulates.

S

After the arms of the upper structure are ektended_

outward, the lower structure moves upward to place the .
bottom cover onto the cassette. The arms of the lower
structure are then moved cutward so that the fingers of
the lower structure no longer engage with the bottom
cover. The lower structure then moves downward, the
upper structure then moves'upward, and the cassette is
unclamped and removed from the apparatus.

a
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Brief Description of the Drawings
Fig. 1A shows a cassette with top and bottom

covers installed thereon.
Fig. 1B is an exploded view showing top cover,
5 cassette and bottom cover. '
' Fig. 1C is an enlarged cross-section taken along
line 1C-1C of Fig. 1A.

Fig. 1D is an exploded cross sectlon view showing
the top cover, cassette and bottom cover.

10 Fig. 2 shows apparatus for removing bottom and top
covers from a cassette.

Fig. 3 is a schematic plan view of'the station
within the apparatus of Fig. 2 where covers are removed
from and placed on the cassette.

15 Figs. 4A to 4L illustrate the apparatus of Fig. 2
during use.

Fig. 5 is a side view showinig some of the
structures within the apparatus of Fig. 2, including
the upper cover removal structure and a motor for

20 driving conveyer bands.

Fig. 6 is a plan view of the station within the
apparatus of Fig. 2 where covers are taken off and
placed on the cassette. |

Fig. 7 schematically illustrates an alternative

25 embodiment of apparatus for.removing-covers from
cassettes. '

Dgtaileé Description
Fig. 2 illustrates a set of conveyer bands CBl1’,

30 CB1i" for transporting cassettes such as cassette 1A in

a direction B to apparatus 100 where top and bottom

covers are removed therefrom, and sets of conveyer

bands CB5’, CB5" and CB2’, CB2" for moving the |

cassettes from apparatus 100 to a location (not shown)
35 where disks can be removed from the cassettes for

processing. This processing can involve any one of a
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éas;g' srras2d s &g&t pull tongues 20 outwardly (again, in the direction of
ar r¢ger fov:nldel:R8 ¢ ifting top cover 5 fromcassette 1. O i nportance,
when top cover 5 and bottom cover 8 are placed on cassette 1, magnetic
disks within the cassette are conpletely enclosed and protected from dust
and ot her contam nants. Cassette 1 is typically used to transport the disks
to different manufacturing stations during the di sk manufacturing process

(e.g. to statio r g £t < I ur, d, sputtered
or lubricated) gggﬂ?g §fl RS(I'}I gi?%ué-lﬁgps%te‘iﬁv <. Ripostitiyy

cltlonal layers onto the disks by electroless
plating, texturing or polishing the disks, sputtering
layers onto the disks, applying lubrication to the

5 disks, etc. The precise manufacturing-operation
performed on the disks is not critical to our
invention. , |

Bands CBl’' and CB1l" are hereinafter collectively
referred to as bands CBl. BRands CBl are moved in

10 direction B by a motor (not shown).

After the above-mentioned manufacturing process is
performed, conveyer bands CB2‘, CB2" (collectively
referred to as bands CB2) are moved in a direction D’
to align bands CB2 with bands CB6 (e.g. as shown in

15 phantom in Fig. 2). This can be accomplished with a
worm drive coupled to a motor or an air cylinder (not
shown) . '

Thereafter, bands CB2 coﬁveY'the cassettes back in
a direction C to apparatus 100 (via bands CB6) so that

20 covers.can be placed back on the cassettes. Conveyer
bands CB3 then convey cassettes away from apparatus

 100.' Apparatus 100 is constructed as a module within a
frame 32. Frame 32 is mounted so that it can be moved
inwardly and outwardly in the direction of arrow D"

25 (parallel to arrow D’) along rails 34, 36 by an air
cylinder 38 of a type known as a magnetically coupled
rodless cylinder. Apparatus 100, which comprises an
upper cover removal structure 100U and a lower cover
removal structure 100L, is described in greater detail

30 below. | ' '

| During use, first cassette 1A is conveyed by

| conveyer bands CBl to a station 30 within apparatus 100
(see Fig. 3). Station 30 is positioned by air cylinder
38 so that it is in a position to receive cassette 1A

35 from conveyer bands CBl. Upper cover removal structure
100U moves down to remove top cover 5 from the cassette
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bus;% 3&LU$%Pgﬁslrable to automate as nuch of the manuf act uri ng process
as RaeN jM Is known in the art to provide automati on which renoves
top cover 5 and bottom cover 8 from cassette 1 during various manufacturing
steps, and then places the top and bottom covers back on the cassette.

Many of the manufacturing steps during nagnetic di sk manufacturing require
extrenely clean enviton- nments, e.g. a "class 10" manufacturing

envi ronnent. 226 1HdrS &J&“l&féﬁd\#ﬁl r&ﬁi@ﬁ%‘é th 661, ahbred odp Pyot he

I nt er nat i onal Standards Organi zation, or Q. ) We have discovered that if
the machi nery uF&RoVe hotton gpver 8 £rom the cassette. The cassette,

having covers removed therefrom, is then transported
via bands CBS5 (Figs. 2 and 3) and CB2 to a location

5 where further manufacturing steps can be performed on
the disks contained therein. After the above-mentioned
manufacturing steps, bands CB2 are moved in direction
D’ to the location in Fig. 2 and 3 shown in phantom.

Station 30 is then moved in direction D" by air

10 cylinder 38 to a location where it can receive the
cassette back from conveyer bands CB2 via conveyer
bands CB6. When this cassette reaches station 30, top
and bottom covers 5, 8 (previously taken from the
cassette 1A) are placed back onto the cassette, and the

15 cassette is then transported away from station 30 by
conveyer bands CB3. _

Bands CB5, CB6 are included in apparatus 100 to
serve as holding areas. For -example, if a cassette
reaches conveyer bands CB6é while station 30 is in the

20 location illustrated in Fig. 3, bands CB6 are stopped,
and hold that cassette until station 30 reaches
location 30A shown in phantom in Fig. 3. Similarly, if
apparatus 100 has finished removing covers from a
cassette while bands CB2 are in location CB2A shown in

25 phantom, that cassette remains on bands CBS until bands
CB2 are in position to receive the cassette from bands
CBS5. Thus, apparatus 100 does not have to wait until
bands CB2 are ready to receive a cassette, and bands
CB2 do not have to wait until apparatus 100 is ready to_

30 receive a cassette. '

U r Cover Remova ructure
Structure 100U includes a central member 102 and
two arms 104, 106 coupled to central member 102 such
35 that arms 104, 106 can rotate outwardly about pivot
axes 107, 108 (i.e. in the direction of arrows E as
-
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coverm%mgM qﬁte 1 sinply pushes top cover 5 downward so that catches
mard and then snap back over rins 18, contam nation

partlcles can be gener ated when catches 23 snap back over rins 18. These
cont-am nation particles can cause problens during di sk manufacturing and
use, and negatively inpact vyields. Summary of the Invention [t is an
obj ect of the invention to reduce the anount of human interaction during

di sk manufacturgfgwn in Fig. 4A) when moved by an air cylinder 110.
One end 110A of air cylinder 110 is mounted to a wall
106A of arm 106, while the piston rod 110B of air

_cylinder 110 is mounted to a wall 104A of arm 104.

5 (Air cylinder 110 is not otherwise affixed to central
member 102.) Of importance, walls 104A, 106A of arms
104, 106 serve as side walls of central member 102.
Placing air cylinder 110 within central member 102
helps prevent dust or contaminants from the air

10 cylinder from escaping and interfering with
manufacturing operations. As described below, other
air cylinders used with apparatus 100 are likewise
placed in enclosures to prevent contamination.

Coupled to arms 104, 106 are a set of fingers 112,

15 114, for engaging with rims 116 of tongues 20 of top
cover 5. Fingers 112 and 114 are movable in an upward
or downward direction (i.e. in the direction of arrow
F) by air cylinders 118, 120, respectively; Air
cylinders 118 and 120 are not shown in Fig. 2, but are

20 shown in Figs. 4A to 4L. Air cylinders 118 and 120 are
mounted by brackets on one of the inside walls of arms
104 and 106, respectively. As can be seen, air
cylinders 118, 120 are coupled to fingers 112, 114 via
piston rods 118A, 120A and rods 118B, 120B,

25 respectively. Although only one rod 118B is shown
coupled to finger 112, in one embodiment, a pair of
rods 118B’, 118B" are used to move finger 112, e.g. as
shown in Fig. 5. Finéer 114 can be similarly attached
to two rods.

30 Central member 102 can be moved up or down (see
arrow G) along rails 121, 123 by an air cylinder 124
(Fig. 2). (As seen in Fig. 5, air cylinder 124 is
coupled to central member 102 via a piston rod 124A and
clevis 125.) .

35 As can be seen in Fig. 4A, a lower surface 126 of
central member 102 includes an indentation 127 which

-8- This Sheet Has Been RTlaced




éﬁﬁ#fg@mgggmggh%pt of the invention to reduce partlcle cont ani nati on,
&edysl damage during _ - 3 -
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mates with a projection 128 of top cover 5 to better

. secure cover 5 to structuz"e 100U after cover 5 has been

removed from cassette 1.

Lower Cover Removal Structure
Lower cover removal structure 100L can be moved up

or down (see arrow H) along rails 151, 153 by an air
cylinder 154 (Figs. 4A to 4L). A pair of arms 156, 158
are coupled to structure 100L such that arms 156 and.
156 can rotate about pivot axes 157, 159, and are moved
outwardly or inwardly (see arrows I) by an air cylinder
162 to either grasp or release bottom cover 8. One end
162A of air cylinder 162 is mouﬁted to a wall 158A of
arm 158, while piston rod 162B of air cylinder 162 is
coupled to a wall 156A of arm 156. (Air cylinder 162
is not otherwise affixed to structure 100L.)

Structure 100L includes a platform 150 which
includes a projection 166. Of importance, projection
166 mates with an indentation 168 in bottom cover 8 to
better secure cover 8 to structure 100L.

As mentioned above, central member 102 is
essentially a metal box in which walls 104A, 106A of
arms 104, 106 serve as side walls of central member
102. Air cylinder 110 is mounted to walls 104A, 106A
as described above. Thus, central member 102 has a
very simple and'inexpensive design. Similarly, arms
156 and 158 serve as part of the side walls of
structure 100L, which alsoc has a simple and inexpensive
design.

Apparatus 100 includes four movable projections or
fingers 170, 172, 174 and 176 (Fig. 6) which are moved
inwardly or outwardly (see arrows J) by associated
rotary air cylinders 178, 180, 182, 184 in order to
grasp and position cassette 1 while top and bottom
covers 5, 8 are placed on or removed from cassette 1.
(Fingers 170 to 176 are not part of structures 100U or

-9- - This Sheet Has Been R
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di sk. manuf act uri n It is another object of the invention to
fac&f%ﬁ@ﬂ%é?ﬁgﬂﬁﬂg?on at various points during the di sk manufacturing

process. It is another object of the invention to provide inproved
aut ommati on for renoving covers from cassettes and placing covers back onto
t he cassettes during manufacturing. It is another object of the

‘invention to provide inproved autonation for placing covers onto cassettes

100L, and do not move up or down.)

Apparatus 100 also includes bands CB7', CB7"
(shown in Fig. 6 and collectively referred to as bands
CB7) for moving cassette 1 in direction K or L. Bands

5 CB7 are driven by a stepper motor 185 (Fig. 5) and

pulley structure 187. Bands CB7 grasp cassette 1A at
points P’, P" (Fig. 1A) where the cassette flares
outwardly. (Bands CB7 thus support cassette 1A in a
manner different from the other bands shown in Fig. 2.

10 Specifically, the bottom of cassette 1A simply sits on
the top, planar surfaces SU of bands CBl. Cassette 1A
is subsequently supporEed by bands CB2 to CB6é in the
same manner as bands CBl.) '

In one embodiment of the invention, the air

15 cylinders are commercially available air cylinders as
set forth below in table I. The air cylinders are
coupled to sources of air pressure via solenoid
actuators such as device model number HO-040A,
manufactured by Humphrey Products Co. of Kalamazoo,

20 Michigan. The air cylinders typically have a vacuum
exhaust which is useful for clean room operations.
Specifically, by providing such a vacuum exhaust, any
dust or pérticles which might otherwise be generated by
the air cylinders are carried away so that they cannot

25 interfere with manufacturing operations. The solencid
actuators are controlled by a programmable logic
controller ("PLC") integrated circuit such as device
number RXS80, manufactured by Mitsubishi. (Other
approprlate integrated circuits could be used in lieu

30 of an RX80.) Conveyor bands CBl1l, CB2 and CB3 can be of
a type available from Phase 2 Automation of Fremont,
California. '

-10- | This Sheet Has Been R laced
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in @mgﬁ&gggaagqég&dp nimzes particle generatlon ] Apparatus in

accendaRDxeEeh)N OUr i nvention includes a nodul ar structure for renoving top
and bottom covers from and placing top and bottom covers on a cassette. The
cassette typically contains magnetic disks, although our invention-can be
used in conjunction with cassettes that carry other products, e.gqg.

- sem conduct or wafers, nmagneto-optic disks, etc. O i nportance, the
nodul e i ncl udes upper and | ower structurgspieagch of which conprises a pair
of arns, each arn1co rising one or nore fingers. The upper structure

- removes top cov® § ﬁFand Pl geaRyt Eﬁ mber” ° Manufacturer

5 38 CUL-00343-A-10.5 Bimba Mfr. Co.,
Monee, Illinois

110 QM95-35834 Compact Air Products
. ' : +  Co., Inc., Westmin-
10 o ster, S.Cf
118, 120 - CS~-PDA-S-16x15- Koganey Corp.,
A-2C153-A-2 ' Tokyo, Japan
15 154 11-CD02320-26D—A73 SMC Pneumatics, Inc.
"of Indianapolis,
Indiana
162 CS-PDA-S16x15- " Koganey Corp.,
20 M-2C153-A-2 Tokyo, Japan
170-176, 10-CDRB1BW20- SMC Pneumatics, Inc.
192 and 180S8-879 _ of Indianapolis,
213 ' Indiana

25

Rails 121, 123, 1351 and 153 are mounted in a fixed
position within frame 32, which in turn rides on rails
34, 36. As mentioned above, module frame 32 is pushed'
30 along rails 34, 36 by air cylinder 38. (Air cylinder
" 38 is coupled to a solenoid which is also controlled by
the PLC integrated circuit.) Thus, both upper and
lower units 100U and 100L move together as a single
module in the direction of rails 34, 36.
35 Figs. 4A to 4L illustrate apparatus 100 during
use. Referring to Figs. 6 and 4A, a mechanical stop
212 swings into place in a direction M to serve as a
stop for cassette 1A. (Mechanical stop 212 is actuated
by an air cylinder 213. Air cylinder 213 is actuated
40 by a solenoid which is also controlled by the PLC
integrated circuit.) Cassette 1A is moved in direction
- K into a region between upper and lower structures
100U, 100L by conveyer bands CBl (Fig. 2), and then by
conveyer bands CB7 (Fig. 6) which engage and pull
45 cassette 1A when cassette 1A reaches the end of

-11- :
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ont o cassett es. Simlarly, the | ower structure renpoves bottom covers from
and At R e Mt over s ont o cassettes. Initially, during use, the
cassette I's brought into a station within the apparatus and a set of
clanping fingers clanp the cassette in place. Also, initially, the arns’ of
t he upper and | ower structures are extended outward. The upper structure is
pushed downward onto the top cover, and then the | ower structure is pushed

Uover 208 not {AEvEPhLIRAAYFry 1 opl BUEEoR. BHCLULE, SUT gl Uhl ouoh!
' cassette 1A is a short distance from stop 212 and in
response thereto, the PLC integrated circuit slows the
stepper motor driving bands CB7. As cassette 1A moves
5 closer to stop 212, cassette 1A is sensed by a secqnd
sensor, (not shown), and in response thereto, bands CB7
push cassette 1A into mechanical stop 212 and then
stop. (The stepper motor actually over-drives bands
CB7 by a short distance to ensure that cassette 1A is
10 in position against stop 212.) As mentioned above,
bands CB7 are driven by motor 185 (Fig. 5) which in
turn is controlled by the PLC integrated circuit.
Thereafter, fingers 170-176 are pushed against
cassette 1A to grasp and hold cassette 1A in place (in
15 the position shown in Fig. 4B), and stop 212 is moved
away (in direction N). At this time, upper structure
100U is in its upper position, lower structure 100L is
in the lower position, arms 104, 106, 156 and 158 are
outward, and fingers 112,.114 are in their upper
20 position (see Fig. 4B). '
Referring to Fig. 4C, upper structure’ 100U is
moved downward along rails 121, 123 by air cylinder 124
until indentation 127 mates with projection 128 of top
cover 5. Arms 104, 106 are held in an outward position
25 by air cylinder 110 while structure 100U is mov1ng
downward. _
Referring to Fig. 4D, lower structure 100L is
moved upward along rails 151, 153 by air cylinder 154
until projection 166 mates with indentation 168 of
30 bottom cover 8. Of importance, arms 156, 158 are held
outward by air cylinder 162 while lower structure 100L
moves upward.
Referring to Fig. 4E, arms 156, 158 are then moved
inward by air cylihder 162 so that fingers 190, 192
35 (affixed to the ends of arms 156, 158) may grasp bottom
cover 8. (Unlike fingers 112, 114 of upper structure

-12- This Sheet Has Been Replac
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mntpmﬁgﬁﬂggég&mgﬁgyer The | ower structure is then brought downward, and
thex&mh&@mmcquer i's carried - 4 -
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100U, fingers 190 and 192 are fixed with respect to
arms 156, 168, and cannot be moved independently of
arms 156, 158.)

Referring to Fig. 4F, lower structure 100L is then
moved downward by air cylinder 154. Of importance,
bottom cover 8 is held in place by fingers 190, 192.
Projection 166 remains mated with indentation 168 to
further ensure that bottom cover 8 is held securely to
structure 100L.: _

Referring to Fig. 4G, as soon as lower structure
100L is in its downward position, fingers 112, 114 of
upper structure 100U are pushed downward by air
cylinders 118, 120.

Referring to Fig. 4H, after fingers 112, 114 are
extended to their lower position, arms 104, 106 are
pﬁshed into their inward position by air cylinder 110
so that fingers 112, 114 are moved underneath tongues
20. _

Referring to Fig. 41, after arms 104, 106 are
pushed into their inward position, fingers 112, 114 are
pushed into their upward positidn by air cylinder 118,
120. '

Referring to Fig.'4J, after fingers 112, 114 are
pushed into their upward position, arms 104, 106 are
pulled into their outward position by air cylinder 110.
Of importance, fingers 112, 114 push rims 116 of
tongues 20 outward when arms 104, 106 are pulled
outward.

| 'Referring to Fig. 4K, after arms 104, 106 are
pulled outward, structure 100U is pushed upward by air -
cylinder 124 (cylinder 124 is not shown in Fig. 4K, but
is shown in Figs. 2 and 5). Upper cassette cover 5 is
held in place by fingers 112, 114, which hold top cover
5 against the lower surface 126 of structure 100U. As
mentioned above, lower surface 126 includes an
indentation 127 which mates with projection 128 of

-13- : Sheet Has Been RTlaced

T




dowaRdschelt¥ed R@ssdoiier structure, and is thereby renoved fromthe cassette.
Thessaw re:naEL:bde upper structure are then brought inward, and the fingers of
the arns of the upper structure are pushed upward so that the fingers
engage with the tongues of the top cassette cover. The arns then sw ng
outwardly so that the fingers pull the tongues outwardly. The upper
structure is then noved upwardly, thereby taking the top cover off the
cassette. The ckoverng,f theaebyt mﬁlmeigeaﬂf drizurea sdait ecoxaend 8 hits lasbdt t e

Is noved to anotheilstatlon

After top and bottom covers 5, 8 are removed from

the cassette, fingers 170-176 release cassette 1A, and
5 bands CB7 move the cassette out of station 30 and bands

CB5 move cassette 1A onto conveyer bands CB2 (Figs. 2

and 3). As mentioned above, the cassette is then

conveyed to a location where manufacturing steps can be
performed on the disks within the cassette. The exact

10 nature of this manufacturing step is not critical to .

our invention. ' )

After the top and bottom covers are removed from
the cassette and the cassette is conveyed away from
station 30, frame 32 (and station 30 and structures

15 100U and 100L coupled thereto) is mo#ed by air cylinder

38 so that the covers held by structures 100U, 100L can

be placed onto another cassette conveyed into station

30 by conveyer bands«CB6. The process by which the .top

and bottom covers 5, 8 are placed ohto this cassette is

20 essentially the opposite of the process by which the

' covers are removed. The process is as follows:

1. A stop 191 is moved in direction O (Fig. 6). The
cassette is then moved into station 30 in
direction L by bands CBé and CB7.

25 2. When the cassette reaches sensor S2, the stepper
motor driving bands CB7 slows. When the cassette
reaches another sensor (not shown), the stepper
motor over-drives bands CB7 by a short distance to
ensure that the cassette is in position against

30 mechanical stop 191, and then bands CB7 stop.

3. - The cassette is gripped by fingers 170-176.
Thereafter, stop 191 is moved out of the way (in a
direction P). : _

4. Upper structure 100U (which is still carrying top

35 cover 5 removed from the cassette shown in Figs.
4A to 4L) is moved down onto the cassette by air

[
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Whek SsiBi R Gotbiohdd St eps can be performed on the di sks cont ai ned thereln
Thesop@an &kiike | N accor dance with our invention also places the covers back
on the cassette. This is typically acconplished by placing the cassette

Wi thin the apparatus, holding the cassette in place with the clanping -
fingers, bringing the upper structure dowmward (with the arns stil

- extending outward), thereafter bringing the upper structure arns inward,

. bringing the fingerscgpyhaerdias.t hphrihgythesl esep, argwgaow,tddhare

tongues of the top cove and b o i, N .arms outward. It.is noted that
by using these stepsif Ehelr ou gd 8031 ion.
5. Arms 104, 106 of structure 100U are the moved
inwardly.
5 6. Fingers 112, 114 are moved downward. At this

point, top cover 5 is in place on the cassette.

Note that this has been done without the "snap-

back" of tongues 20 over catches 23.

7. Arms 104, 106 are'pushed into their outward
‘10 position by air cylinder 110. ~
8. Structure 100L is pushed upward by air cylinder
154. At this point, bottom cover 8 is in place on
the cassette. Note that at this point structure
100U is in its downward position and braces the
15 cassette so that it is not moved upward by
structure 100L.
9. Arms 156, 158 (and therefore fingers 190, 192) are

pushed outward by air cylinder 162.

10. Structure 100L is pushed downward by air cylinder
20 154. | |
11. Upper structure 100U is pushed upward by air

cylinder 124.

12. Fingers 170-176 are retracted to release the

cassette. ' i

25 13. The cassette, with both top and bottom covers 5, 8
in place, is pushed out of station 30 by bands CB7
and is then moved away by conveyer bands CB3.

14. Frame 32 is then pushed by air cylinder 38 so that
apparatus 100 can receive another cassette from

30 conveyer bands CBl. _

In other embodiments, the sequence of the above
steps can be modified. For example, in one embodiment,
the top and bottom covers are removed simultaneously,
or placed on the cassette simultaneously. Similarly,

35 the top cover can be removed before the bottom cover.

Also, the bottom cover can be placed on the cassette

-15-
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placg th%Mt KSQ¥e, on the cassette, there is no. snapping of the catches
ovekm BElS0 S escribed above. This is i mportant in order to avoid
generatlng dust and ot her contam nants known in the art as particul ates.
After the arns of the upper structure are extended outward, the |ower
structure noves upward to place the bottom cover onto the cassette. The
arns of the lower structure are then noved outward so that the fingers of

t he | ower strucbg@grgotbgpggk eRRge with the bottom cover. The | ower
structure then noves downwar d, the upper structure then noves upward, and
the cassette is Apparatus 100 includes a set of sensors S3 and S4

for sensing the presence of cassettes on bands CB5 and
CB6 (Fig. 3). Sensors S3 and S4 are typically fiber
S optic sensors such as device No. PZ2-62, available from
Keyence Corporation of Woodcliff Lake, N.J.” Sensors S1
to S2 (and the other sensors which sense the position
of the cassette as it is moved by bands CB7) are
typically device No. FS2-60, also available from

10 Keyence Corporation. 1In addition, each air cylinder
typically includes a position sensor (e.g. comprising a
magnet and a Hall effect element). These sensors are
each coupled to the PLC integrated circuit, which
controls each of the air cylinders via the above-

15 described solenoids, and each of the motors. The
sensors within the various air cylinders are used by
the PLC integrated circuit to control operation. For
example, during étep 3 above, the sensors within air

) cylinders 178-184 (which control fingers 170-176)

20 indicate when cylinders 178-184 have been actuated (and
thus when fingers 170-176 have grasped the cassette).
The signals provided by cylinders 178-184 then cause
the PLC integrated circuit to perform step 4 above
{i.e. to actuate cylinder 124). The sensor signal from

25 cylinder 124 causes the PLC integrated circuit to
perform step 5, above, and so on.

Apparatus 100 also includes optical sensors (not
shown) for sensing the presence or absence of covers S
and 8. Thus, if apparatus 100 is to place covers on a

30 cassette, and either structure 100U or 100L is not
holding a cover, that will be sensed by a sensor, and
communicated to the PLC integrated circuit, which will
take appropriéte action (e.g. actuating an appropriate
indicator and halting operation). Similafly, if

35 apparatus 100 is to remove covers from a cassette, but
one of structures 100U, 100L is already holding a

-1l6- This Sheet Has Been Repl
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uncléﬂgﬁgmqggm&gggxed fromthe apparat us.
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~ 960107 (rev:1) (KEL.:oqo)
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35

cover, that will be communicated to the PLC integrated
circuit, which will then take appropriate action (e.g.
actuating an appropriéﬁe indicator and halting
operation). The sensors which indicate the presence or
absence of covers can be optical sensors of the type
discussed above. .

Fig. 7 illustrates apparatus 300 in accordance
with an alternative embodiment of the invention for
removing covers 305, 308 from and placing covers on a
cassette 301. Referring to Fig. 7, apparatus 300
includes lower cover removal structure 300L similar to
structure 100L. Specifically, structure 300L is moved
up or down by an air cylinder 354 along rails 351, 353.
Similarly, structure 300L includes arms 357, 358 which
can be moved inwardly or outwardly by an air cylinder

(not shown) similar to air cylinder 162.

Apparatus 300 also includes a structure 300U for
removing top cover 305 but in accordance with the
alternative embodlment the structures for actuating
the various elements of structure 300U are located
below cassette 301 and distant from cassette 301 (e.g.
to minimize contaminant particle generation in the
vicinity of the disks contained in cassette 301). 1In
particular, structure 300U is moved up or down (see
arrow Q) by an air cylindef 324. A pair of arms 304,
306 are moved inwardly or outwardly by an air cylinder
310 (see arrow R). Arms 304, 306 include a set of
fingers 312, 314 for engaging with tongues 320 of top
cover 305. Of importance, within arms 304, 306 are air
cylinders for moving fingers 312, 314 up and down (see
arrows.S), and also moving a second set of fingers 316,
318 up or down. (Fingers 316, 318 help grasp top cover
305.) . ' '

While the invention has been described with
respect to specific embodiments, those skilled in the
art will recognize that changes can be made in form and

-17-
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Br| Q%@s%&ﬂég%&s%& off the Drawinas - Fig. 1A shows a cassette wi th top

&d-OeECRy er s, | nstal | ed t hereon. ~ Fig. 1B is an expl oded view
shomnng top cover, cassette and bottom cover. Fig. 1Cis an enlarged
cross-section taken along line 1C 1C of Fig. 1A Fig. 1Dis an
expl oded cross section view showi ng the top cover, cassette and bottom

- cover. Fig. 2 shows apparatus for renoving bottomand top covers from
~a cassette. detail without departing from the spirit and scope of

the invention. For example, actuators other than air
cylinders (e.g. stepper motors or other motors) can be
used. In addition, the apparatus can be used in

5 conjunction with cassettes that transport objects pthér
than magnetic disks, e.g. semiconductor wafers or
magneto-optic disks. While lower structure 100L
contains a projection for mating with an indentation in
bottom cover 8, in other embodiments, structure 100L

10 has a indentation for mating with a projection in
bottom cover 8. 1In like manner, upper structure 100U
can have a projection for mating ﬁith an indentation in
top cover 5. The various members and arms can be
constructed from metal or any other appropriate

15 material. '

In one embodiment, central member 102, arms 104,
106 and structure 100L can have exhaust conduits for
removing air (and any dust or particles or
contaminants) therefrom.

20 In one embodiment, fingers 112, 114'éan have
curved surfaces (e.g. surface 112A in Fig. 2) for
better coupling with.tongue 20. '

It should also be noted that while the structure
of Fig. 2 includes conveyer bands CBl to CB3, conveying

25 structures other than cdnveying bands can be used in
lieu thereof, e.g. robotic arms.

While apparatus 100 takes both top and bottom
covers off of a cassette, in other embodiments, only
one cover (either the top or bottom) is taken off or

30 placed on a cassette.

In one embodlment, instead of using the apparatus
to remove covers prior to a manufacturing step, the
apparatus places covers onto a cassette immediately
prior to a labelling operation in which a mark or label

35 is applied to a side of the cassette. This is done
because labelling can generate contaminant particles,

-18- Thls Sheet Has Been R
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Fi 0 spasboiedas GhseR,LI C Pl an view of the station within the apparatus of Fig.
2 WeaareOKERiog) are renoved from and pl aced on the cassette. Firgs. 4A
to 4L itlustrate the apparatus of Fig. 2 during use. Fig. 5is a side
vi ew showi ng sone of the structures within the apparatus of Fig. 2,

I ncl udi ng the upper cover renoval structure and a notor for driving
conveyer bands. - Fig. 6 is a plan view of the station within the

“apparatus of Fi gnd iMale JeBiFab I &d Aedp HBicRbhPt FEPEs Oawapersamset te.
- disks contained in the cassette.
Other modifications will be apparent to one. of
ordinary skill in light of the foregoing, and all such
5 modlflcatlons come within the present 1nvent10n
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ﬁiguw;nﬁﬁﬂgﬁP&& 4y illustrates an alternative embodi nent of apparatus for
I enddidr pg:nQ@eU:&HS from cassettes. Det ai | ed Description Fig. 2
illustrates a set of conveyer bands CBl1', CBl1" for transportlng C

such as cassette 1A in a direction Bto apparatus 100 mg
covers are renoved therefrom and sets of conveyer® band
CB2', CB2" for moving the cassettes from apparatus 100 td & | oca )
shown) CLAIMS

We claim: '

1. Apparatus for removing or placing covers on a

cassette, comprising:
5 - a station for receiving a cassette;

an upper cover removal unit having a pair of
upper arms, each arm within said pair of upper
arms comprising means for grasping an upper cover
and removing said upper cover from said cassette

10 - while said cassette is at said station;

‘a lower cover removal unit having a pair of
lower arms, said lower arms comprising means for
grasping and removing a lower cover from said
cassette while said cassette is at said station;

15 first means for moving said upper cover
removal unit toward'or away from said cassette
while said cassette is at said station;

second meams for moving said lower cover
removal unit toward or away from said cassette

20 - while said cassette is at said station; and

third means for moving said upper and lower
cover removal units in a direction such that said
upper and lower cover removal units remain aligned
with each other whén said upper and lower cover

25 removal units are moved ‘in said direction.

2. Structure of claim 1 wherein said first,
second and third means are air cylinders.

30 3. Structure of claim 1 wherein said upper arms
~ each comprise at least one finger and fourth means for
moving said finger so that said finger can be moved
underneath a rim of said top cover, said upper cover
removal structure further comprising fifth means for
35 moving said upper pair of arms outward.

~—~
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4. Structure of claim 3 wherein said fourth and
fifth means are air cylinders. '

5. Structure for placing a cover on a cassette,

- said cassette having a first rim, said -cover having a

side including a catch on said side for engaging with
said first rim, said side of said cover having a second
rim, said structure comprlslng
an arm having at least one flnger thereon -for
engaging with said second rim;
first means for moving said arm toward or
away from said cassette, whereby when said arm is
moved toward or away from said cassette, said
finger is moved toward or away from said cassette,
and when said finger engages with said second rim,
said side of said cover can be moved toward or
away from said cassette;
whereby when said structure blaces said cover
on said cassette, said side of said cover is held
away from said cassette until said catch passes
said first rim. '

6. Structure of claim 5 wherein said first means
is an air cylinders.

7. Structure of claim 6 further comprising
second means for moving said finger along an axis
substantially parallel to said arm so that said finger
can engage with or disengage from said second rim.

8. Structure of claim 7 wherein said second.
means is an air cylinder.

9. Structure of claim 8 further comprising an
electronic controller for controlling said first and
second means so that said first and second means cause

——————
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dring steps, e.g. depositing addrtrQggL_LgyeLs_enLe~%he
drs &“ﬁﬁ%ﬁ%gggﬂéo ess plating, texturing or polishing the disks, §Utt§ﬂ“
se

| ayers onto the disks, applying lubrication to the disk “‘\mml“m
manuf acturing operation perfornmed on the disks is not c

I nventi on. Bands CB1' and CBl1" are hereinafter colléctrvery referred
to as bands CBl. Bands CB1 are noved in direction B by a notor (not shown).

said finger to pull said side of said cover away from
said cassette when said cover is placed on said
- cassette.

5 10. Structure of claim 9 wherein said electronié
controller is an integrated circuit. '

11. A method for placing a cover on a cassette,
said cassette having a rim, a catch for engaging with
10 said rim being on a side of said cover, said side of
said cover having a rim, said method comprising the
steps of:
causing said rim of said side of said cover
to be held by a cover grasping structure;
15 pulling said cover grasping structure away
' from said cassette;
causing said cover grasping structure to push
said cover onto said cassette; and
thereafter pushing said cover grasping
20 structure toward said cassette so that said catch
engages said rim.

12. Method of claim 11 wherein performing said
step of pulling pribr to said step of causing prevents
25 said side of said cover from snapping over said catch
and generating contaminant particles.

13. Method of claim 11 wherein.said step of
pushing and pulling is performed by actuating an air
30 cylinder.. '

14. Structure for removing a cover comprising:
a first central member; '
a first set of arms coupled to said first
35 central member, said first set of arms further
comprising means for engaging with and removing a

-22- Sheet Has Been Replaced
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Aft W%E tloned manuf act uri ng process is perforned, cohveyer
bandmn g%mLGBZ" (collectively referred to as bands CB2) are noved in a

direction D to align bands CB2 with bands CB6 (e.g. min
Fig.- 2). This can be acconplished with a wormdrive comﬂmml““"mﬂ

an air cylinder (not shown). Thereafter, bands CB2*cofvey thes * |
cassettes back in a direction Cto apparatus 100 (via bands CB6) so that

covers can be pl acedcbegk erolhna easaeties. sl arels FRIME HPRY Msasonvey
cassettes away fron1aggara%u 100. Apparatus .00 i.s qonstructed q; a nodul e
within a : the walls of said central member;
' means within said first central yember for

pulling and pushing said arms.

' 15. Structure of claim 14 wherein said means
‘within said central member for pushing and pulling said
arms is an air cylinder, and said arms are pivotally
coupled to said central member.

10 ' _

16. Structure of claim 14 further comprising an
air intake for removing air from the interior of said
central member, to thereby remove contaminants from
said structure.

15 .
17. Structure of claim 14 wherein a wall of said

central member comprises an indentation for mating with

a wall of said cover.‘

20 18. Structure of claim 14 wherein said structure
removes a top cover from a cassette, said structure
further comprising a bottom cover removal structure
comprising a second central member and a second set of
arms, said second set of arms serving as part of the

25 walls of said second central member, said second
central member including means for pushing and pulling
said second pair of arms, said second pair of arms
comprising means for grasping said bottom cover.

30 19. Structure of claim 18 wherein said means for
pushing and puiling said second pair of arms is an air
cylinder and said second central member comprises an
air intake for removing air from said second central
member to thereby remove contaminants from said

35 structure.
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sframe 32. Frane 32 is nmounted so that it can be rmvgd/lnmar;dl_y—&ﬁel/—ﬂ
O Ui nadstisy-seaunadamsai recti on of arrow D' (parallel to arrow D itl's
3496018 HEEEMYai r cylinder 38 of a type known as a mag m j EMBE
rodl ess cylinder. Apparatus 100, which conprises an |:
structure 100U and a | ower cover renoval structure 100 s descrl bed i'n
greater detail bel ow During use, first cassette 1A is conveyed by
conveyer bands CBl1 to a station 30 wthin r estirgctire
Station 30 is positi2®red %f‘%ﬁtruﬁlcfvﬁacgr%pg%% e%lQO?ésﬁ?n a position to
recei ve casset yambyes a bottom cover from a cassette.
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erﬁh&Qmﬁﬂﬁggwggag§ CB1. Upper cover renoval structure 100U noves down to
remﬁwﬂnim@mﬁgyer 5 fromthe cassette : - - -7

SHIPPING CASSETTE LID AND UNLID AUTOMATION
Ronald Allen
Michael Myslovaty
Michael Edwin Slafter

ABSTRACT

Apparatus for placing covers (5, 8) on a cassette
(1) and taking covers (5, 8) off a cassette (1)
comprises an upper cover removal structure (100U0), a

10 lower cover removal structure (100L), and means for
holding the cassette in place (170-176). The upper
cover removal structure (100U) includes a central body
portion (102), a pair of arms (104, 106) rotatably
mounted at the end of the central body portion, and

15 fingers (112, 114) located at the end of the arms (104,
106). The fingers (112, 114) can be moved up and down
in a direction parallel to the main axis of the arms.
The upper cover removal structure (100U) includes means
for moving the upper cover removal structure (100U)

20 toward or away from the cassette (1). The lower cover
removal structure (100L) includes a central body
portion and a pair of arms 156, 158 having fingers
(190, 192) at the ends thereof. The arms can move
inwardly or outwardly to grasp the bottom cover (8).

25 Also included are means (154) for moving the lower
cover removal unit (100L) toward or away from the
cassette. The apparatus is designed to minimize
generation of particulate contamination. For example,
during use, arms (104, 106) and fingers (112, 114) pull

30 . tongues (20) of top cover (5) outwardly so that catches
(23) on tongues (20) do not snap over rims on the
cassettes and generate particulate contamination.
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and | ower- cover renoval structure 100L noves up to renove bottom cover 8
fromthe cassette. The cassette, having covers renoved therefrom is then
transported via bands CBS (Figs. 2.and 3) and CB2 to a | ocation where
further manufacturing steps can be.lp[etrgorrred on the disks contained
therein. After the above-nenti oned manufacturing steps, bands CB2 are noved
in direction D to the location in Fig.*2 and 3 shown in phantom

Station 30_is then pewed in/ﬁNp@tion D' by air cylinder 38 to a | ocation

G LRe

wher e itzze
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cassette back from conveyer bands CBZ; ‘¢. conveyer bands CB6. \Wen this
cassette reaches station 30, top and bottom covers 5, 8 (previously taken
fromthe cassette 1A) are placed back onto the cassette, and the cassette

is then transported away fron1stat|on 30 by .conveyer bands CB3. Bands
CB5, CB6 are include areas. For
exanple, if a casgeffje reaches conveyer ' n 30 isin
the location illuptffted in Fig. 3, ba 14 hol d t hat
cassette until statHpn 30 reaches | ocat) on 30A shown in phanflpmin Fig. 3.
Simlarly, if :
200 L
J 4
- - <J -5
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apparatus 100 has finished renovi ng"tovers from.a :5:.- ik @mle bagads CB2 i
are in location CB2A shown in phantom that ca ’ r gipfme on~kahdls CBS

until bands CB2 are in position to recei\ gaeaddbbt f/ftir om b 5.
Thus, apparatius 100 does not have to wai t}i;unt /:q‘?‘ ﬁ-\\/m’ arey t
receive a cassette, and bands CB2 do not havg e il #lads

, a

’ V'l;.’lj" o2

Is ready to receive a cassette.
Structure Structure 100U i ncludes a cen
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two arns 104, 106 coupled to central nenber 102 such that arnms 104, 106 can
rotate outwardly about pivot axes 107, 108 (i.e. in the direction of arrows
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shown in Fig. 4A) when noved by an air cylinder 110. One end 110A of air
‘cylinder 110 is nounted to a wall 106@.ggbgar m 106, while the piston rod,
110B of air cylinder 110 is nmounted to a wall 104A of arm 104. (Air
cylinder 110 is not otherwi se affixed to central /msrrber 162 ) O
i.nportance, walls 104A, 106A of arns 5048 106 ser'fel-as s/de wal | s of
central nenbfr 102. Pl aci.ng air cylinder 110 #ithin central nenber 103
~hel ps preven} dysi_or contam'ﬂlar[lts fromthe

1] 1204

NEA Vg

158A
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FIG._4A
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cyl i nder fron1escap|ng and interfering with manufacturing operations. As
descri bed bel ow, other air cylinders used with apparatus 100 are |ikew se
pl aced in encl osures to prevent cont aM3626i on. Coupl ed to arps 104,

106 are a set of fingers 112, 114, for engaging with rins m@@f(/[ ongues 20
of top cover 5. Fingers 112 and 114 are npvable in an upmaﬁﬁ or downwar d
di recti on (l tioR—-0f aér/ I:\ h\l alr cvli 118 120

respectively Ai r cylinders 118 and 120 are not shown Lﬂ’Flg 2, but are

shown in Figp. LWHWM munt ed hv br agket s
on one of the inside walls

//////////////////////////
FIG._4B |
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104 and 106, respectively. As can be seen, air cylinders 118, 120 are
toupled to fingers 112, 114 via'pistﬁq¥%gds 118A, 120A and rods 118B, 120B,
respectively. Al though only one rod"T is shown coupled'to finger 112,
I'n one enbodi nent, a pair of rods 118B, 118B" are used to nove finger 112,
e’g. as shown in Fig. 5. Finger 114 egn/®e simlarly attached to two rods.
Central nenper-I0Z Ccan be noved up. Or JdowWT (SEee arrow o atomng rar+sq121,
123 by an alr cylinder 124 (Fig. 2). (As seen in Fig. 5, air cylinderf 124
is coupled o dentral nenber |I1§2 via a piston Jqd IZZA and
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cleviss 125.) As can be seen in Fig. 4A, a |ower surface 126 of central
menber 102 i ncludes an indentation 12& g@éch
g . 3
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mates with a projection 128 of top cover 5 to better secure cover 5 to
structure 100U after cover 5 has beigﬂéﬁynved fromcassette 1

Lower Cover Renpval Structure L cover renoval structure 100L can
be noved up or down (see arrow H) along rails 151, 153 by an air cylinder
154 (Figs. 4Ato 4L). A pair of armsgth§, 158

joot)

by

"y

n4
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FIG._4E
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are coupled to structure 100L such that arns 156 and 158 can rotate about
pi-vot axes 157, 159, and are noved oﬁ dly or inwardly (see arrows 1) by
an air cylinder 162 to either grasp of ease bottom cover "8. One end 162A
of air cylinder 162 is nmounted to a wall 158A of arm 158, while piston rod
162B of air cylinder 162 is coupled §gsd8wall 156A of arm 156. (Air
cylinder. 16F TS not olherwsSe aliTlxed 10 strucrure 100ty StTetur e
100L includ¢s a platform 150 which includes a projection 166. O
i nportance, |prq ection 166 gs Wwih an rndenjagron 168 1 n pbortomcdver 8
to better se¢curle cover 8 tom;tructure 100L.

ok,
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As nentioned above, central nenber 102 is essentially a netal ‘box in which
-wal s 104A, 106A of arnms 104, 106 seppgs2as side walls of central menber
102. Air cylinder 110 is mounted to walls 104A, 106A as déscri bed above.

Thus, central nmenber 102 has a very Si e and i nexpensive design.
Simlarly, FFﬁG—456—éuuL4UE&4uauuagxﬂlug? of the side walls of structure
100L, which}also has a sinple and-i nexpensive desi gn. Appar atus 100
i ncl udes'fOJr r%&bl_e_p;_q_esﬁ_L RS0 L ngers. 17 . 172, 174 and 176 (['|g- 6)
whi ch are npved i nwardly or ou1mard|y (see arrfows J) by associ ate(d

{00V

/
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FIG._4G
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rotary air cylinders 178, 180, 182, 184 in order to grasp and position

.cassette 1 while top and botton1coveh€ g 8 are placed on or renoved from
cassette 1. (Fingers 170 to 176 are 58 %ﬁart of structures-100U or
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i ncl udes bands CB7', CB7" (shown in Fig. 6 and collectively referred to as
bands CB7) for noving cassette 1 in,direction K or L. Bands- CB7 are driven
by.a stepper notor 185 (Fig. 5) and“@%ﬁqsey structure 187. Bands CB7 grasp

cassette 1A at points P, P'" (Fig. 1A) where the cassette flares outwardly.
(Bands CB7 thus support cassette 1A{8n ¥
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manner. different fromthe other bands shown in Fig. 2. Specifically, the
boftom of cassette 1A sinply sits on the top, planar surfaces SU of bands
CBl. Cassette 1A is subsequently suppdV‘la@asby bands CB2 to CB6 in the sane
manner as bands CB1.) I n one enbadi nent of the invention, the air
cylinders are commercially avail abl e a.|i4'/‘:gl I nders as set forth.belowin
table |. The @IT CYTTHRUErs are COUPIEU tU SUUrCeS—Gf—atF—Pe5StH-e—\U
sol enoid actuators such as device nobdel nunmber HO 040A, nmanufactured by
Hunphrey Product$ Co.  Oof Kal angzZpo, ™ cntrgam. —Terarr—cytrmders—tygi call y
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exhaust which is useful for clean room operations. Specifically, by

‘pfovi di ng such a vacuum exhaust, any dust or particles which m ght

ot herwi se be generated by the air cylM-Bg#g s are carried awdy so that they
cannot interfere with manufacturing operations. The solenoid actuators are
controlled by a programmable logic controller ("PLC') integrated circuit
such as devi,c-e—n.ume.r_EXRD,_muLa.cLﬂ.ﬂéd&yM tsubishi . (O her appropriate
integrated qircuits could be used in lieu of an RX80.) Conveyor bands} CB1,

CB2 and CB3 can-be—e-f—-a—-t—)cpe_?ﬁaa-Laque_f_mm_Elhmn 2. Automtion of Frepont,
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Rai'l's 121 123, 151 and 153 are nounted in a fixed position within frame. .= [
32,~which in turn rides on rails 34, %ﬁ menti oned above, nmodule frame

32 Is pushed along rails 34, 36 by Jl fl nder 38. (Air cylinder 38 is ~
coupled to a solenoid which is also cofitrolled by the PLC integrated _
circuit.) Thus, both upper and |ower units 100U and 100L nove together as a i
si ngl e nodul e in the direction of rails 34, 36. Figs. 4A to 4L o
il lustrates apparatus 100 during use. Referring to Figs. 6 .and 4A a
mechani cal stop .
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Background of the Invention
This invention relates to automation for placing

covers on shipping cassettes and taking covers off
shipping cassettes.

Magnetic disks are typlcally shipped in plastlc
cassettes, such as the cassettes described in U.S.
Patent 4,557,382, issued to Douglas M. Johnson on
December 10, 1985, and incorporated herein by
reference. Figs. 1A to 1D show a cassette 1 which
includes slots 2 for receiving magnetic disks 3 (shown
in Fig. 2).

Cassette 1 includes a top opening 4 for receiving
a top cover 5 and a bottom opening 6 for receiving a
bottom cover 8. .

Bottom cover 8 includes a rim 10 which surrounds

- and mates with walls 12 at the bottom of cassette 1.
Bottom cover 8 is held on cassette 1 by a friction fit.
" The top of cassette 1 includes a rim 27, which is
received by a slot 28 in top cover 5.

As can be seen in Fig. 1B, the sides of cassette 1
includes slots 16 surrounded by slot rims 18. The
sides of top cover 5 include tongues 20 which cover
slots 16 when top cover 5 is placed on cassette 1. A
catch 23 (on each of the tongues 20) engages with one
of rims 18 to hold top cover 5 in place. Each catch 23
includes a slanted bottom surface 24 (Figs. 1C and 1D)
such that if one pushes top cover 5 downward overfrims
18, tongues 20 are pushed outwardly in the direction of
arrows A until catches 23 pass rims 18. When catches
23 pass rims. 18, tongues 20 snap back and catches 23
engage with rims 18. To remove top cover 5 from



.- 15 - conveyer bands CBl. A sensor S1 (Fig ﬁEmg@EMQNTWhEﬂTcassette 1A
Is a short distance fromstop 212, and in resppnge—thereto—tie PLC
integrated circuit slows the
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cassette 1, one must pull tongues 20 outwardly (again,
in the direction of arrow A) prior to lifting top cover
5 from cassette 1.

Of importance, when top cover 5 and bottom cover 8
are placed on cassette 1, magnetic disks within the '
cassette are completely enclosed and protected from
dust and other contaminants. Cassette 1 is typically

- used to transport the disks to different manufacturing
stations during the disk manufacturing process (e.g. to
stations where the disks are plated, textured, cleaned,
sputtered or lubricated) and to ship disks to
customers. It is desirable to automate as much of the
manufacturing process as possible, and it is known in
the art to provide automation which removes top cover 5
and bottom cover 8 from cassette 1 during various
manufacturing steps, and then places the top and bottom
covers back on the cassette. -

Many of the manufacturing steps during magnetic
disk manufacturing require extremely clean environ-
ments, e.g. a "class 10" manufacturing environment.
(Class 10 is a manufacturing standard established by
the International Standards Organization, or ISO.) We
have discovered that if the machinery used to place top
cover 5 onto cassette 1 simply pushes top cover 5
downward so that catches 23 are pushed outward and then
snap back over rims 18, contamination particles can be
generated when catches 23 snap back over rims 18.

‘These contamination particles can cause problems during
disk manufacturing and use, and negatively im@act

yields.

Summary of the Invention

It is an object'of the invention to. reduce ;he
amount of human interaction during disk manufacturing.

It is another object of the invention to reduce
particle contamination, yield loss and damage during
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stepper notor driving bands CB7. As cassette 1AgE stop 212,
cassette 1A is sensed by a second sensor (not {s esponse
bands CB7 push cassette 1A into nechgnijcal stop 212 t hen st op.
(The stepper motor actual |y over-drives pands |C§7 25 APR89% tance to
ensure that cassette 1A is in position against] qtop 212.) As tioned
bands CB7 are driven by notor 185 (Fig. wnich in turnjfis
controlled by the PLC integrated circuit. | rs 170-176

are pushed aga
the position s

i.n ssette 1A to grasp and hold cassette 1A in place (in
H ok %%Hﬁﬁ?éiﬁﬁfPand stop 212 is noved
It is another object of the invention to

facilitate automation at various points during the disk
manufacturing process. .

It is another object of the invention to provide
improved automation for removing covers from cassettes
and placing covers back onto the cassettes during
manufacturing. '

It is another object of the invention to provide
improved automation for placing covers onto cassettes
in a manner which minimizes particle generation.

Apparatus in accordance with our invention
includes a modular structure for removing top and
bottom covers from and placing top and bottom covers on
a cassette. The cassette typically contains magnetic
disks, although our invention can be used in
conjunction with cassettes that carry other products,
e.g. semiconductor wafers, magneto-optic disks, etc.

Of importance, the module includes upper and lower
structures, each of which comprises a pair of arms,
each arm comprising one or more fingers. The upper
structure removes top covers from and places top covers
onto cassettes. Similarly, the lower structure removes
bottom covers from and places bottom covers onto
cassettes. .

Initially, during use, the cassette is brought
into a station within the apparatus and a set of
clamping fingers clamp the cassette in place. Also,
initially, the arms of the upper and lower structures
are extended outward. The upper structure is pushed
downward onto the top cover, and then the lower
structure is pushed upward againstlthe bottom cover.
The lower structure arms are then brought inward so
that the fingers of the lower structure arms engage
with the bottom cover. The lower structure is then
brought downward, and the bottom cover is carried



awayﬁ (indirection N). At this time, upper strlctppi RCENMENT iSSIEETl
p Linkodd - 1

position, |lower structure 100L is in-the |ower
and 158 are outward, and fingers 112, 114 are
Fig. 4B). Referring to Fig. 4C, uppgr_strh
along rails 121, 123 by air cylinder 124=(show

Its upper

04, 106, 156

tion (see
e downwar d
unti |

.indentation 127 mates with projection 128 of tgp cover 5. Arms 134, 106 are
~held in an outward position by air cylinder 11¢ ' 00U is

movi ng downvar gaymwarBeb £hed 1b%e St riidtur@ilarid U HerelfiP lrdnoved

from the cassette.

The arms of the upper structure are then brought
inward,'and the fingexrs of the arms of the upper
structure are pushed upward so that the fingers engage
with the tongues of the top cassette cover. The arms
then swing outwardly so that the fingers pull the
tongues outwardly. The upper structure is then moved
upwardly, thereby taking the top cover off the
cassette. The clamping fingers then release the
cassette, and the cassette is moved to another station
- where manufacturing steps can be performed on the disks
contained therein. .

The apparatus in accordance with our invention
also places the covers back on the cassette. This is
typically aécomplished by placing the cassette within
the apparatus, holding the cassette in place with the
clamping fingers, bringing the upper structure downward
(with the arms still extending outward), thereafter
bringing the upper structure arms inward, bringing the
fingers downward so that they no longer engage with the
tongues of the top cover, and bringing the arms
outward. It is noted that by using these steps to
place the top cover on the cassette, there is no.
snapping of the catches over the rims as described
above. This is important in order to avoid generating
dust and other contaminants known in the art as
particulates.

. After the arms of the upper structure are extended
outward, the lower structure moves upward to place the
bottom cover onto the cassette. The arms of the lower
structure are then moved outward so that the fingers of
the lower structure no longer engage with the bottom
cover. The lower structure then moves downward, the
upper structure then moves upward, and the cassette is
unclamped and removed from the apparatus.



noved upward along rails 151, 153 by air cylinder 184 until _orol

upwar d.

aTdfa¥ i on 166
mates with indentation 168 of bottom cover 8. O | rREPLACEMENT SHBET 156, 158
are held outward by air cylinder 162 while | ower ft; es
Referring to Fig. 4E, arns_156, 158 afe tBEﬂ Bgvﬁﬂﬂi rd by
air cylinder 162 so that fingers 190, 192.(affi xed [ O APE, off grms 156,

158) may grasp bottom cover 8. (Unlike fingers 11,1114 of upper stlructure

Brief Description of the Drawings

Fig. 1A shows a cassette with top and bottom
covers installed thereon.

Fig. 1B is an exploded view showing top cover,
cassette and bottom cover.

' Fig. 1C is an enlarged cross-section taken along
line 1C-1C of Fig. 1A.’ _ | _

Fig. 1D is an exploded cross section view showing -
the top cover, cassette and bottom cover.

Fig. 2 shows apparatus for removing bottom and top
covers. from a cassette.

Fig. 3 is a schematic plan view of the station
within the apparatus of Fig. 2 where covers are removed
from and placed on the cassette.

Figs. 4A to 4L illustrate the apparatus of Fig. 2
during use.

Fig. 5 is a side view showing some of the
structures within the apparatus of Fig. 2, including
the upper cover remov;l structure and a motor for
driving conveyer bands.

Fig. 6 is a plan view of the station within the
apparatus of Fig. 2 where covers are taken off and
placed on the cassette. _

Fig. 7 schematically illustrates an alternmative
embodiment of apparatus fornremoving covers from

cassettes.

Detailed Description
Fig. 2 illustrates a set of conveyer bands CBl’,

CBl" for transporting cassettes such as cassette 1A in
a direction B to apparatus 100 where top and bottom
covers are removed therefrom, and sets of conveyer
bands CB5’, CB5" and CB2’, CB2" for moving the
cassettes from apparatus 100 to a location (not shown)
where disks can be removed from the cassettes for
processing. This processing can involve any one of a
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number of manufacturing steps, e.g. depositing
additional layers onto the disks by electroless

plating, texturing or polishing the disks, sputtering
layers onto the disks, applying lubrication to the
disks, etc. The precise manufacturing operation
performed on the disks is not critical to our

invention.

Bands CBl’' and CBl" are hereinafter collectively
referred to as bands CB1. Bands CB1 are moved in
direction B by a motor (not shown). '

After the above-mentioned manufacturing process is
performed, conveyer bands CB2’, CB2" (collectively
referred to as bands CB2) are moved in a direction D
to align bands CB2 with bands CBé (e.g. as shown in
phantom in Fig. 2). This can be accomplished with a
worm drive coupled to a motor or an air cylinder (not
shown) . '
| Thereafter, bands CB2 éonvey the cassettes back in
a direction C to apparatus 100 (via bands CBé) so that
covers can be placed back on the cassettes. Conveyer
bands ‘CB3 then convey cassettes away from apparatus
100. Apparatus 100 is constructed as a module within a
frame 32. Frame 32 is mounted so that it can be moved
inwardly and outwardly in the direction of arrow D"
(parallel to arrow D’) along rails 34, 36 by an air
cylinder'38 of a type known as a magnetically coupled
rodless cylinder. Apparatus 100, which comprises an
upper cover removal structure 100U and a lower cover
removal structure 100L, is described in greater detail
below.

.During use, first cassette 1A is conveyed by
conveyer bands CBl1 to a station 30 within apparatus 100
(see Fig. 3). Station 30 is positioned by air cylinder
38 so that it is in a position to receive cassette 1A
from conveyer bands CBl. Upper cover removal structure
100U moves down to remove top cover 5 from the cassette



moved downwar d by air cylinder 154. O inportanc ngqpﬁgmfﬁpmeEB s held

I>-n place by fingers 190, 192. Projection 166 renfi | ngdent at i on
168 to further ensure that bottomcover 8 is hel §l $ecure ru ture
100L. Referring to Fig. 4G as soon,as |owe ,tﬂUiﬂ“%% ipinits
downward position, fingers 112, 114 of wpper strycture 100U arp qu hed
downward by air cylinders 118, 120. Referrimg to Fig. 4H aftpr

fingers 112, 114 are extended to their | ower post

pushed into thghy §BWREdcBYSE! FRfc¥AIAgt AMtIer ddD moves up to

remove bottom cover 8 from the cassette. The cassette,
having covers removed therefrom, is then transported
via bands CBS (Figs. 2 and 3) and CB2 to a location
where further manufacturing steps can be performed on
the disks contained therein. After the above-mentioned
manufacturing steps, bands CB2 are moved in direction
D’ to the location in Fig. 2 and 3 shown in phantom.

Station 30 is then moved in direction D" by air
cylinder 38 to a location where it can receive the
cassette back from conveyer bands CB2 via conveyer
bands CB6. When this cassette reaches station 30, top
and bottom covers 5, 8 (previously taken from the
cassette 1A) are placed back onto the cassette, and the
cassette is then transported away from station 30 by
conveyer bands CB3.

Bands CB5, CBé are included in apparatus 100 to
serve as holding areas. For example, if a cassette
reaches conveyer bands CB6 while station 30 is in the
location illustrated in Fig. 3, bands CB6 are stopped,

~and hold that cassette until station 30 reaches
location 30A shown in phantom in Fig. 3. Similarly, if
apparatus 100 has finished removing covers from a
cassette while bands CB2 are in location CB2A shown in
phantom, that cassette remains on bands CBS until bands
CB2 are in position to receive the cassette from bands |
CBS. Thus, apparatus 100 does not have to wait until
bands CB2 are ready to receive a cassette, and bands
CB2 do not have to wait until apparatus 100 ls ready to
receive a cassette.

Upper Cover Removal Structure

Structure 100U includes a central member 102 and
two arms 104, 106 coupled to central member 102 such
that arms 104, 106 can rotate outwardly about pivot
axes 107, 108 (i.e. in the direction of arrows E as



so ‘that fingers 112, 114 are noved underneath t
after arns 104, 106 are pushed into thli
112, 114 are pushed into their upward position
Referring to Fig. 4J, after fingers 112, 114 ar
arms 104, 106 are pulled into $heir
110. O inportance, fingers 112, 114
outward when arnms 104, 106 are pulled outward.

Fig 4,

posi tion,
cyl i nder

ferring to
n, fingers
alr cylrnder 1118, 120.

u ' t Qeijr upward
?gFgggi izn by air

-t gngues 20

shown in Fig. 4A) when moved by an air cylinder 110.
One end 110A of air cylinder 110 is mounted to a wall
106A of arm 106, while the piston rod 110B of air
cylinder 110 is mounted to a wall 104A of arm 104.
(Air cylinder 110 is not otherwise affixed to central
member 102.) Of importance, walls 104A, 106A of arms
104, 106 serve as side walls of central member 102.
Placing air cylinder 110 within central member 102
helps prevent dust or contaminants from the air
cylinder from escaping and interfering with
manufacturing operations. As described below, other
air cylinders used with apparatus 100 are likewise
placed in enclosures to prevent contamination.

Coupled to arms 104, 106 are a set of fingers 112,
114, for engaging with rims 116 of tongues 20 of top
cover 5. Fingers 112 and 114 are movable in an upward
or downward direction (i.e. in the direction of arrow
F) by air cylinders 118, 120, respectively{ Air
cylinders 118 and 120 are not shown in Fig. 2, but are
shown in Figs. 4A to 4L. Air cylinders 118 and 120 are
‘mounted by brackets on one of the inside walls of arms
104 and 106, respectively. As can be seen, air
cylinders 118, 120 are coupled to fingers 112, 114 via
piston rods 118A, 120A and rods 118B, 120B,
respectively. Although only-oﬁe rod 118B is shown
coupled to finger 112, in one embodiment, a pair of
rods 118B’, 118B" are used to move finger 112, e.g. as
shown in Fig. 5. Finger 114 can be similarly attached
to two rbds.

Central member 102 can be moved up or down (see
arrow G) along rails 121, 123 by an air cylinder 124
(Fig. 2). (As seen in Fig. 5, air cylinder 124 is
coupled to central member 102 via a piston rod 124A and
clevis 125.)

As can be seen in Fig. 4A, a lower surface 126 of
central member 102 includes an indentation 127 which



Referring to Fig. 4K, after arnms 104, 106 are pulle ety e
100U i s pushed upward by air cylinder 124 (cylinder 1g l¥®gﬂ5@féﬁiﬁﬁ n
Fig. 4K, but is shown in Figs. 2 and 5). Upper cassgtje cover eldin
place by fingers 112, 114, which hold tog cover 5 apal n2t5 APR wg?er sjur f ace
126 of structure 100U. As nentioned abbugd'lomer suf flpce 126 1 ncl udes an

I ndentation 127 which mates with projection 128 of z

mates with a projection 128 of top cover 5 to better
secure cover 5 to structure 100U after cover 5 has been

removed from cassette 1.

Lower Cover Remova ructure

Lower cover removal structure 100L can be moved up
or down (see arrow H) along rails 151, 153 by an air
cylinder 154 (Figs. 4A to 4L). A pair of arms 156, 158
are coupled to structure 100L such that arms 156 and-
158 can rotate about pivot axes 157, 159, and are moved
outwardly or inwardly (see arrows I) by an air cylinder
162 to either grasp or release bottom cover 8. One end
162A of air cylinder 162 is mounted to a wall 158A of
arm 158, while piston rod 162B of air cylinder 162 is
coupled to a wall 156A of arm 156. (Air cylinder 162
is not otherwise affixed to structure 100L.)

Structure 100L includes a platform 150 which
includes a projection 166. Of importance, projection
166 mates with an indentation 168 in bottom'cover 8 to
better secure cover 8 to structure 100L. '

As mentioned above, central member 102 is
essentially a metal box in which walls 104A, 106A of

~arms 104, 106 serve as side walls of central member
102. Air cylinder 110 is mounted to walls 1043, 106A
as described above. Thus, central member 102 has a
very simple and inexpensive design. Similafly, arms
156 and 158 serve as part of the side walls of
structure 100L, which also has a simple and inexpensive
design. ' '

Apparatus 100 includes four movable projections or
fingers 170, 172, 174 and 176 (Fig. 6) which are moved
inwardly or outwardly (see arrows J) by associated
rotary air cylinders 178, 180, 182, 184 in order to
grasp and position cassette 1 while top and bottom
covers 5, 8 are placed on or removed from cassette 1.
(Fingers 170 to 176 are not part of structures 100U or
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cover

3,

thereby hel ping to ensure that cover 5 is held in place.

After top and bottom covers 5, 8 are renoved fromthe cassette, fingers
170-176 rel ease cassette 1A, and

- 10 -

100L, and do not move up or down.)

Apparatus 100 also includes bands CB7‘', CB7"

(shown in Fig. 6 and collectively referred to as bands

CB7) for moving cassette 1 in direction K or L. Bands
CB7 are driven by a stepper motor 185 (Fig. 5) and
pulley structure 187. Bands CB7 grasp cassette 1A at
peoints P/, P" (Fig. 1A) where the cassette flares
outwardly. (Bands CB7 thus support cassette 1A in a
manner different from the other bands shown in Fig. 2.
Specifically, the bottom of cassette 1A simply sits on
the top, planar surfaces SU of bands CBl1l. Cassette 1A
is subsequently supported by bands CB2 to CB6 in the
same manner as bands CB1l.) '

In one embodiment of the invention, the air

cylinders are commefcially available air cylinders as
set forth below in table I. The air cylinders are
coupled to sources of air pressure via solenoid
actuators such as device model number HO-0403,
manufactured by Humphrey Products Co. of Kalamazoo,
Michigan. The air cylinders typically have a vacuum
exhaust which is useful for clean room operations.
Specifically, by providing such a vacuum exhaust, any
dust or particles which might otherwise be generated by
the air cylinders are carried away so that they cannot
interfere with manufacturing operations. The solenoid

actuators are controlled by a programmable logic
controller ("PLC") integrated circuit such as device
number RX80, manufactured by Mitsubishi. (Other
appropriate integrated circuits could be used in lieu _
of an RX80.) Conveyor bands CB1, CB2 and CB3 can be of
a type available from Phase 2 Automation of Fremont,
California.

REPLACEMENT SHEET
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bands CB7 nove the cassette out of station 30 and bands CB5 nobve cassette
1A onto conveyer bands CB2 (Figs. 2 and 3). As nentiTﬂed_ahnvp the '
cassette is then conveyed to a | ocation where nanuf agt BEPLACEMENP fﬁ%@ e
performed on the disks within the cassette. The exact
manuf acturing step is not critical to™o i'nventi on. éﬁtﬁi t he Jop and
bottom covers are renoved fromthe cassette and the fa sgt AR s Rnv yed

away fromstation 30, frane 32 (and station 30 and sfrbctures 100U ahd] 100L
coupl ed thereto) is noved by air cylinder 38 so thatjthe covers held by

structures 100U, 100L can Table I
Reference
Number ‘Model Numberx Manufacturer .
38 CUL-00343-A-10.5 Bimba Mfr. Co.,
Monee, Illinois
110 QM95-35834 Compact Air Products
. " Co., Inc., Westmin-
ster, S.C.
118, 120 CS-PDA-S-16x15- Koganey Corp.,
A-2C153-a-2 Tokyo, Japan
154 11-CDQ2B20-20D-A73 SMC Pneumatics, Inc.
of Indianapolis,
Indiana
162 CS-PDA-S16x15- Koganey Corp.,
M-2C153-A-2 Tokyo, Japan
170-17s6, 10-CDRB1BW20- .SMC Pneumatics, Inc.
192 and 1808-S79 of Indianapolis,
213 Indiana

Rails 121, 123, 251 and 153 are mounted in a fixed
position within frame 32, which in turn rides on rails
34, 36.
along rails 34, 36 by air cylinder 38.
38 is coupled to a solenoid which is also controlled by

As mentioned above, module frame 32 is pushed
(Air cylinder
the PLC integrated circuit.) Thus, both upper and

lower units 100U and 100L move together as a single

module in the direction of rails 34, 36.

Figs. 4A to 4L illustrate apparatus 100 during

- use. Referring to Figs. 6 and 4A, a mechanical stop

212 swings into place in a direction M to serve as a
(Mechanical stop 212 is actuated

Air cylinder 213 is actuated

stop for cassette 1A.
by an air cylinder 213.
by a solenoid which is also controlled by the PLC
integrated circuit.) Cassette 1A is moved in direction
K into a region between upper and lower structures '
100U, 100L by conveyer bands CBl (Fig. 2), and then by
conveyer bands CB7 (Fig. 6) which engage and pull
. cassette 1A when cassette 1A reaches the end of



be pl aced Qn%gﬂggggﬁgL,gasseLLe—conveyed into station 30 by conveyer bands
cB6. The process by which the top and bottom covers 5, 8 are placed onto
this cassette {5 $héc HadBead R lagede opposi te of the process by which the
covers are reno Fs is as f9£loms : A stop 191 is noved in
direction O (Fié ! cassett&’is then noved f =36
direction L by and CB7. 2. \Wen the cassette} ?B%ciﬁ% EA§C&EEﬂ2,
t he stepper not or driving bands CB7 slows. \Wen thge _cas

bande. ooy oy " SopVEIRY, Heifln T  NnSAEREE (ig. P oo AT

cassette 1A ls a short distance from stop 212, and in
response thereto, the PLC integrated circuit slows the
stepper motor driving bands CB7. As cassette 1A moves
closer tb stop 212, cassette 1A is sensed by a second
sensor, (not shown), and in response thereto, bands CB7
push cassette 1A into mechanical stop 212 and then
stop. (The stepper motor actually over-drives bands
CB7 by a short distance to ensure that cassette 1A is
in position against stop 212.) As mentioned above,
bands CB7 are driven by motor 185 (Fig. 5) which in
turn is controlled by the PLC integrated circuit.

Thereafter, fingers 170-176 are pushed against
cassette 1A to grasp and hold cassette 1A in place (in
the position shown in Fig. 4B), and stop 212 is moved
away {in direction N). At this time, upper structure
100U is in its upper position, lower structure 100L is
in the lower position, arms 104, 106, 156 and 158 are
outward, and fingers 112,.114 are in their upper
position (see Fig. 4B).

Referring to Fig. 4C, upper structure 100U is
moved downward along rails 121, 123 by air cylinder 124
until indentation 127 mates with projection 128 of top
cover 5. Arms 104, 106 are held in an outward position
by air cyllnder 110 while structure 100U is mov1ng
downward. o

Referring to Fig. 4D, lower structure 100L is
moved upward along rails 151, 153 by air cylinder 154
until projection 166 mates with indentation 168 of
bottom cover 8. Of importance, arms 156, 158 are held
outward by air cylinder 162 while lower structure 100L
moves upward.

Referring to Fig. 4E, arms 156, 158 are then moved
inward by air cylinder 162 so that fingers 190, 192
(affixed to the ends of arms 156, 158) may grasp bottom
cover 8. (Unlike fingers 112, 114 of upper structure

REPLACEMENT SHEET
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ensure that th@EBbAfEEMEi\H SHEETN {posi ti on agai nst mechani cal stop 191,
ahd t hen bands [CB7 Stop.—31The cassette is gripped by fingers 170-176.

Thereafter, 9t
Upper structt
t he cassette
by air

e ut of the way (in a direction P). 4.
%glﬁpghm fsistill car r3y| ng top cov{
—Aigs 4A to 4133 is noved down orftBiI® A HAS BEEN
_ REPLACED '

100U, fingers 190 and 192 are fixed with respect to
arms 156, 168, and cannot be moved independently of
arms 156, 158.) '

Referring to Fig. 4F, lower structure 100L is then
moved downward by air cylinder 154. Of importance,
bottom cover 8 is held in place by fingers 190, 192.
Projection 166 remains mated with indentation 168 to
further ensure that bottom cover 8 is held securely to
structure 100L.

Referring to Fig. 4G, as soon as lower structure
100L is in its downward position, fingers 112, 114 of
upper structure 100U are pushed downward by air
cylinders 118, 120.

Referring to Fig. 4H, after fingers 112, 114 are
extended to their lower position, arms 104, 106 are
pushed into their inward position by air cylinder 110
so that fingers 112, 114 are moved underneath tongues
20.

Referring to Fig. 4I, after arms 104, 106 are
pushed into their inward position, fingers 112, 114 are
pushed into their upward positidn by air cylinder 118,
120. ' ‘ -

Referring to Fig. 4J, after fingers 112, 114 are
pushed into their upward position, arms 104, 106 are

-pulled into their outward position by air cylinder 110.

Of importance, fingers 112, 114 push rims 116 of
tongues 20 outward when arms 104, 106 are pulled
outward.

Referring to Fig. 4K, after arms 104, 106 are
pulled outward, structure 100U is pushed upward by air
cylinder 124 (cylinder 124 is not shown in Fig. 4K, but
is shown in Figs. 2 and 5). Upper cassette cover 5 is
held in place by fingers 112, 114, which hold top cover.
5 against the lower surface 126 of structure 100U. As
mentioned above, lower surface 126 includes an
indentation 127 which mates with projection 128 of

This Sheet Has Been Replaced -
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cyl i nder 124.  Duri ng this step,| REPLACEMENT.SAEET in

their outward position. 5. Arns 104, 106 of stfugture—i865—are¢ tihe noved

i nwar dl y.
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cover 5, thereby helping to ensure that cover 5 is held
in place. _

After top and bottom covers 5, 8 are removed from
the cassette, fingers 170-176 release cassette 1A, and
bands CB7 move the cassette out of station 30 and bands
CB5 move cassette 1A onto conveyer bands CB2 (Figs. 2
and 3). As mentioned above, the cassette is then
conveyed to a location where manufacturing steps can be
performed on the disks within the cassette. The exact
nature of this manufacturing step is not critical to
our invention.

After the top and bottom covers are removed from
the cassette and the cassette is conveyed away from
station 30, frame 32 (and station 30 and structures
100U and 100L coupled thereto) is moved by air cylinder
38 so that the covers held by structures 100U, 100L can
be placed onto another cassette conveyed into station
30 by conveyer bands«CBé. The process by which the top
and bottom covers 5, 8 are placed onto this cassette is

- essentially the opposite of the process by which the

covers are removed. The process is as follows:

1. A stop 191 is moved in direction O (Fig. 6). The
cassette is then moved into station 30 in
direction L by bands CB6 and CB7.

2. When the cassette reaches sensor S2, the stepper
motor driving bands CB7 slows. When the cassette .
reaches another sensor (not shown), the stepper
motor over-drives bands CB7 by a short distance to
ensure that the cassette is in position against
mechanical stop 191, and then bands CB7 stop.

3. The cassette is gripped by fingers 170-176.
Thereafter, stop 191 is moved out of the way (in a
direction P).

4. Upper structure 100U (which is still carrying top

cover S5 removed from the cassette shown in Figs.
4A to 4L) is moved down onto the cassette by air



6. Fingers 112, 114 are noved downward. At g acama p cover 5
is in place on the cassette. Note that thi ERMQEMEQB Sﬂiﬁﬁé M t hout t he
"snap- back"” of tongues 20 over catches p3 . ArmsI0% [106 are
pushed into their outward positian gy alr vy bign %pg g%? 8.] Structure
100L is pushed upward by air cylinder = 154.1 At t ntj, {bottom cover
8 is in place on the cassette. Note that ar—thrs—poe~nt_dt rjuct ure

100U is in its dowward position and braces tjhe cassette othat it is

not noved upward b¥ylinde§t&53tur%u%9%5’this step, arms 104, 106 are
in their outward position.

5. Arms 104, 106 of structure 100U are the moved
inwardly.

6. Fingers 112, 114 are moved downward. At this
point, top cover 5 is in place on the cassette.
Note that this has been done without the "snap-
back" of tongues 20 over catches 23.

7. Arms 104, 106 are pushed into their outward
position by air cylinder 110.

8. Structure 100L is pushed upward by air cylinder
154. At this point, bottom cover 8 is in place on
the cassette. Note that at this point structure
100U is in its downward position and braces the
cassette so that it is not moved upward by
structure 100L.

9. Arms 156, 158 (and therefore fingers 190, 192) are
pushed outward by air cylinder 162.

10. Structure 100L is pushed downward by air cylinder
154.

11. Upper structure 100U is pushed upward by air
cylinder 124. N

12. Fingers 170-176 are retracted to release the
cassette. _

. 13. The cassette, with both top and bottom covers 5, 8
in place, is pushed out of station 30 by bands CB7
and is then moved away by conveyer bands CB3.

1l4. Frame 32 is then pushed by air cylinder 38 so that
apparatus 100 can receive another cassette from
conveyer bands CBl. '

In other embodiments, the sequence of the above
steps can be modified. For example, in one embodiment,
the top and bottom covers are removed simultaneously,
or placed on the cassette simultaneously. Similarly, ,
the top cover can be removed before the bottom cover.
Also, the bottom cover can be placed on the cassette



9. Arns 156, 158 (and therefore fingers 190, 192) are pushed out ward
by air cylinder 162. 10. Structure 100L is Py air cylinder
154. 11. Upper structure 100U is pushed upwar ylinder 124.
12. Fingers 170-176 are retracted to_releas te. 13. The
cassette, with both top and bottom covefs 5, |8 s pushed out
of station 30 by bands CB7 and is then hveyer bands
CB3. 14. Frame 32 is then pushed by air cylijn '

before the top cover.

Apparatus 100 includes a set of sensors S3 and S4
for sensing the presence of cassettes on bands CB5 and
CBé (Fig. 3). Sensors S3 and S4 are typically fiber
optic sensors such as device No. PZ2-62, available from
Keyence Corporation of Woodcliff Lake, N.J. Sensors Sl
to S2 (and the other sensors which sense the position
of the cassette as it is moved by bands CB7) are
typically device No. FS2-60, also available from
Keyence Corporation. In addition, each air cylinder
typically includes a position sensor (e.g. comprising a-
magnet and a Hall effect element). These sensors are
each coupled to the PLC integrated circuit, which
controls each of the air cylinders via the above-
described solenoids, and each of the motors. The
sensors within the various air cylinders are used by
the PLC integrated circuit to control operation. For
example, during step 3 above, the sensors within air
cylinders 178-184 (which control fingers 170-176)
indicate when cylinders 178-184 have been actuated (and
thus when fingers 170-176 have grasped the cassette).
The signals provided by cylinders 178-184 then cause
the PLC integrated circuit to perform step 4 above
(i.e. to actuate cylinder 124). The sensor signal from
cylinder 124 causes the PLC integrated circuit to
perform step 5, above, and so on.

Apparatus 100 also includes optical sensors (not
shown) for sensing the presence or absence of covers 5
and 8. Thus, if apparatus 100 is to place covers on a
cassette, and either structure 100U or 100L is not
holding a cover, that will be sensed by a sensor, and
communicated to the PLC integrated circuit, which will
take appropriate action (e.g. actuating an appropriate
indicator and halting opefation). Similafly, if
apparatus 100 is to remove covers from a cassette, but
one of structures 100U, 100L is already holding a



apparatus 100 can recei ve another cassette | rgpPLACEMENDSHERRr] bands CB1.

In other enbodi ments, the sequence of the apo
exanple, in one enbodi nent, the top and botto
si mul t aneously, or placed on the cassettg s
can be renoved before the bottem foyer. A so. f
can be placed on the cassette

top cover

nodi fi ed. For
ved
larly, the
bptt om cover
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cover, that will be communicated to the PLC integrated
circuit, which will then take appropriate action (e.g.
actuating an appropriate indicator and halting
operation). The sensors which indicate the presence or
absence of covers can be optical sensors of the type
discussed above.

Fig. 7 illustrates apparatus 300 in accordance
with an alternative embodiment of the invention for
removing covers 305, 308 from and placing covers on a
cassette 301. Referring to Fig. 7, apparatus 300
includes lower cover removal structure 300L similar to
structure 100L. Specifically, structure 300L is moved
up or down by an air cylinder 354 along rails 351, 353.
Similarly, structure 300L includes arms 357, 358 which
can be moved inwardly or outwardly by an air cylinder
(not shown) similar to air cylinder 162.

Apparatus 300 also includes a structure 300U for
removing top cover 305, but in accordance with the
alternative embodimene, the structures for actuating
the various elements of structure 300U are located
below cassette 301 and distant from cassette 301 (e.gq.
to minimize contaminant particle generation in the
vicinity of the disks contained in cassette 301). In
particular, structure 300U is moved up or down (see
arrow Q) by an air cylindef 324. A pair of arms 304,
306 are moved inwardly or outwardly by an air cylinder
310 (see arrow R). Arms 304, 306 include a set of
fingers 312, 314 for engaging with tongues 320 of top
cover 305. Of importance, within arms 304, 306 are air
cylinders for moving fingers 312, 314 up and down (see
arrows S), and also moving a second set of fingers 316,
318 up or down. (Fingers 316, 318 help grasp top cover
305.) .

While the invention has been described with
respect to specific embodiments, those skilled in the
art will recognize that changes can be made in form and
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before the top cover. Appar at us lﬁgiMmgMEﬂ? 'i@ of
sensors S3 and S4 for sensing the presence of ¢ag S
CB6 (Fig. 3). Sensors S3 and S4 are typically {i

CB5 and
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detail without departing from the spirit and scope of
the invention. For example, actuators other than air
cylinders (e.g. stepper motors or other motors) can be
used. In addition, the apparatus can be used in"
conjunction with cassettes that transport objects other
than magnetic disks, e.g. semiconductor wafers or
magneto-optic disks. While lower structure 100L
contains a projection for mating with an indentation in
bottom cover 8, in other embodiments, structure 100L
has a indentation for mating with a projection in
bottom cover 8. In like manner, upper structure 100U
can have a projection for mating with an indentation in
top cover 5. The various: members and arms can be
constructed from metal or any other appropriate
material. _ |

In one embodiment, central member 102, arms 104,
106 and structure 100L can have exhaust conduits for
removing air (and any dust or particles or
contaminants) therefrom. _

In one embodiment, fingers 112, 114 can have
curved surfaces (e.g. surface 112A in Fig. 2) for
better coupling with tongue 20. )

It should also be noted that while the structure
of Fig. 2 includes conveyer bands CB1 to CB3, conveying
structures other than conveying bands can be used in
lieu thereof, e.g. robotic arms.

While apparatus 100 takes both top and bottom
covers off of a cassette, in other embodiments, only
one cover (either the top or bottom) is taken off or
placed on a cassette.

In one embodiment, instead of using the apparatus
to remove covers prior to a manufacturing step, the

~apparatus places covers onto a cassette immediately

prior to a labelling operation in which a mark or label
is applied to a side of the cassette. This is done
because labelling can generate contaminant particles,



optic sensors such as device No. PZ2-62, available from Keyence Corporation
of Whodcliff Lake, - N.J. Sensors S1 to S2 (and the other sensors which sense
the position of the cassette as it is noved by bands CB7) are typically
device No. FS2-60, also available from ence Corporation. In addition,
each air cylinder typically includes a pdsition sensor (e.g. conprising a
magnet and a Hall effect elenent). These sensors are each coupled to the
PLC integrated circuit, which controls each of the air cylinders via the
above- descri bggg dPtEe{‘Q'éé31§§H%SaEB RbebNBul! Bhst 1 L1 sSQNRRY Ent i n the

various air cy ers are us
disks contained in the cassette.

Other modifications will be apparent to one of
ordinary skill in light of the foregoing, and all such
_modifications come within the present invention.
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the PLC integrated circuit to control operation. For exanple, during step
3" above, the sensors within air cylinders 178-184 (which control fingers
170-176) indicate when cylinders 178-184 have been actuated (and t hus mhen
fingers 170-176 have grasped the cassettg). The si gnjlﬂmumnﬁﬂ"mmu
cylinders 178-184 then cause the PLC int%egrated circ p 4
above (i.e. to actuate cylinder 124). The sensor S|gna fron1cyllﬁder 124
causes the PLC integrated circuit to performstep 5 above, and so on.

Appar at us’ 100 .al so includes optical sengphrgmgnot shown) for sensing the

presence or absence of covers 5
We claim:

1. Apparatus for removing or placing covers on a

éassette, comprising:
' a station for receiving a cassette;

an upper cover removal unit having a pair of
upper arms, each arm within said pair of upper
arms comprising means for grasping an upper cover
and removing said upper cover from said cassette
while said cassette is at said station;

a lower cover removal unit having a pair of
lower arms, said lower arms comprising means for
grasping and removing a lower cover from said
cassette while said cassette is at said station;

_ first means for moving said upper cover
removal unit toward or away from said cassette
while said cassette is at said station;

second means for moving said lower cover
removal unit toward or away from said cassette
while said cassette is at said station; and

third means for moving said upper and lower
cover removal units in a direction such that said
upper and lower cover removal units remain aligned
with each other when said upper and lower cover
removal units are moved 'in said direction.

2. Structure of claim 1 wherein said first,
second and third means are air cylinders.

3. Structure of claim 1 wherein said upper arms
each comprise at least one finger and fourth means for
moving said finger so that said finger can be moved
underneath a rim of said top cover, said upper cover
removal structure further comprising fifth means for
moving said upper pair of arms outward.
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and 8. Thus, if fappe s to place covers on a cassette, and either
structure 100U o ng a cover, that will be sensed by a

sensor, and co C integrated circuit m u ”w
an _apgr opriate i ndiu m unl Hﬂ

ratyis 1004 to renove coVers firom as *

4. Structure of claim 3 wherein said fourth and
fifth means are air cylinders.

5. Structure for placing a cover on a cassette,
said cassette having a first rim, said -cover having a
side including a catch on said side for engaging with
said first rim, said side of said cover having a second
rim, said structure comprising:
an arm having at least one finger thereon for
engaging with said second rim; .
first means for moving said arm toward or
away from said cassette, whereby when said arm is
moved toward or away from said cassette, said
finger is moved toward or away from said cassette,
and when said finger engages with said second rim,
said side of said cover can be moved toward or
away from said cassette;
whereby when said structure places said cover
on said cassette, said side of said cover is held
away from said cassette until said catch passes
said first rim.

6. Structure of claim 5 wherein said first means
is an air cylinders.

7. Structure of claim 6 further comprising
second means for moving said finger along an axis
substantially parallel to said arm so that said finger
can engage with or disengage from said second rim.

8. Structure of claim 7 wherein said second
means is an air cylinder.

9. Structure of claim 8 further comprising an
electronic controller for conErolling said first and
second means so that said first and second means cause



17 - cover‘_rhat—mr++—be—cgnnun|cated to the PLCintegrated circuit,

which wll then t k ro rlate action (e.g. actuating an appropriate

i ndi cat or and hal aﬂThe sensors which indicate the presence

or - 22 - .TH|S SHEET HAS BEEN
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said finger to pull said side of said cover away from
said cassette when said cover is placed on said
cassette.

10. Structure of claim 9 wherein said glectronié
controller is an integrated circuit.

11. A method for placing a cover on a cassette,
said cassette having a rim, a catch for engaging with
said rim being on a side of said cover, said side of
said cover having a rim, said method comprising the
steps of: |

causing said rim of said side of said cover
to be held by a cover grasping structure;

pulling said cover grasping structure away
from said cassette;

causing said cover grasping structure to push
said cover onto said cassette; and

thereafter pushing said cover grasping
structure toward said cassette so that said catch
engages said rim.

12. Method of claim 11 wherein performing said
step of pulling prior to said step of causing prevents
said side of said cover from snapping over said catch
and generating contaminant particles. .

13. Method of claim 11 wherein said step.of
pushing and pulling is performed by actuating an air
cylinder.

‘REPLACEMENT SHEET

14. Structure for removing a cover comprising:
25 APR 1997 a first cehtral member;

a first set of arms coupled to said first
¢entral member, said first set of arms further

comprising means for engaging with and removing a
I —
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absence of covers can be optical sensors of the type-discussed above:

Fg. 7 illustrates apparatus 300 in accordance with a
enbodi ment of the invention for renoving covers 305, @ mﬁ Hﬂ Iem ng
covers on a cassette 301. Referring to F|g 7, appar at Ll ower

cover renoval structure 300L simlar to_§iructure 100L. SpeC|f|caLIy,
structure 300L is noved up or down by an air cylinder 354 along rails 351,
353. Simlarly, structure 300L includes arns 357 358 which can be noved

nwardly ot outvar dby 0y 80odl & SUddAle (Wi MY UMY 40 Aldee
- gome of the walls of said central member; and
means within said first central member for

pulling and pushing said arms.

15. Structure of claim 14 wherein said means
within said central member for pushing and pulling said
arms is an air cylinder, and said arms are_pivotally
coupled to said central member.

16. Structure of claim 14 further comprising an
air intake for removing air from the interior of said
central member,'té thereby remove contaminants from
said structure.

17. Structure of claim 14 wherein a wall of said
central member comprises an indentation for mating with
a wall of said cover.

18. Structure of claim 14 wherein said structure
removes a top cover from a cassette, said sfructure
further comprising a bottom cover removal structure
comprising a second central member and a second set of
arms, said second set of arms serving as part of the
Walls of said second central member, said second
central member including means for pushing and pulling
said second pair of arms, said second pair of arms
comprising means for grasping said bottom cover.

19. Structure of claim 18 wherein said means for
pushing and pulling said second pair of arms is an air
cylinder and said second central member comprises an
air intake for removing air from said second central
member to thereby remove contaminants from said
structure. '
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Appérat us 300 also includes a structure 300U for ren%vi—ng——i—erp-cover—eﬁ&

but in accordance with the alternative enbodi nent,
actuating the various el enents of structure 300U are mal lmssette
301 and distant from cassette 301 (e.g. 240. mnimze cle

generation in the vicinity of the di sks—eental ned i.n cassette 301) In
particular, structure 300U is noved up or down (see arrow Q by an air
cylinder 324. A pair of arnms 304, 306 are noved inwardly or outwardly by an

air cylinder 310 ($Re ardtMidturdVdB Alhim 306 whereilt satétsbtuttugers 312,

314 for engagIrnegr]novx\getshat Pottom 3c2c(o)veozt £58n a cassette.
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cover 305. O inportance, wthin arnms 304, 306 are air cylinders for noving
fingers 312, 314 up and down (see arrows S), and al so noving a second set
of fingers 316, 318 up or down. (Fingers 316, 318 help grasp top cover
305.) Whi l e the invention has been Escribed with respect to specific
enbodi ments, those skilled in the art "wfPl “recogni ze that changes can be
made in form and

SHIPPING CASSETTE LID AND UNLID AUTOMATION

STRACT

Apparatus for placing covers (5, 8) on a cassette
(1) and taking covers (5, 8) off a cassette (1)
comprises an upper cover removal structure (100U), a
lower cover removal structure (100L), and means for
holding the cassette in place (170-176). The upper
cover removal structure (100U) includes a central body
portion (102), a pair of arms (104, 106) rotatably
mounted at the end of the central body portion, and
fingers (112, 114) located at the end of the arms (104,
106). The fingers (112, 114) can be moved up and down
in a direction parallel to the main axis of the arms.
The upper cover removal structure (100U) includes means
for moving the upper cover removal structure (1000U)
toward or away from the cassette (1). The lower cover
removal structure (100L) includes a central body
portion and a pair of arms 156, 158 having fingers
(190, 192) at the ends thereof. The arms can move
inwardly or outwardly to grasp the bottom cover (8).

. Also included are means (154) for moving the lower
cover removal unit (100L) toward or away from the
cassette. The apparatus is designed to minimize -
generation of particulate contamination. For example,
during use, arms (104, 106) and fingers (112, 114) pull
tongues (20) of top cover (5) outwardly so that catches
(23) on tongues (20) do not snap over rims on the
cassettes and generate particulate contamination.

Fig 2
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- 18 - detail wi thout departing fromthe spirit and scope of the = .
I-nvention. For exanple, actuators other than air cylinders (e.g. stepper
nmotors or other notors) can be used. In addition, the apparatus can be used
in
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conjunction with cassettes that transport objects other than magnetic

di sks, e.g. sem conductor wafers or nmagneto-optic disks. Wile | owner
structure 100L contains a projection for mating with an indentation in
bottom cover 8, in other enbodinents, structure 100L has a indentation for
mating with a projection in bottomcover 8. In |ike manner, upper structure
100U can have a projection for mati ng"wéth an indentation in top cover 5.
The various nenbers and arns can be constructed from nmetal or any other

appropriate materi al . I n one enbodi nent, central nenber 102, arns 104,
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106 and structure 100L can have exhaust conduits for removing air (and any

dust or particles or contam nants) therefrom I n one enbodi nent,
fingers 112, 114 can have curved surfaces (e.g. surface 112A in Fig. 2) for
better coupling with tongue 20. It should al so be noted that while the

structure of Fig. 2 includes conveyer bands CBl to CB3, conveying
structures other than conveying bands-c&n-be used in lieu thereof, e.g.
robotic arnms. Wi | e apparatus 100 takes both t®p 3 f11.0MmGovens of f
of a cassette, in other enbodinents, only S /g V)
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one cover (either the top or botton) is taken off or placed on a cassette.
I'n one enbodi nent, instead of using the apparatus to renove covers prior to
a manufacturing step, the apparatus places covers onto a cassette

i medi ately prior to a labelling operation in which a mark or |abel is
applied to a side of the cassette. This is done because | abelling can

generate contam nant particles, a
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- 19 - and it is desirable to keep such particles away from di sks
contained in the cassette. QO her nodifications will be apparent to one
of ordinary skill in light of the foregoing, and all such
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CLAIMS W claim 1. Apparatus for renoving or placing covers on a

cassette, conprising: a station for receiving a cassette;
an upper cover renoval unit havi.ng a pair of upper arms, each arm
Wi thin said pair of upper arnms conprising neans for graspi ng an upper
cover and renovi ng said upper cover fromsaid cassette whil e said
cassette is at said station; '&lder cover renoval unit having a
pair of
23
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| ower arms, said |ower arns conprising neans for graspi ng and renovi ng

a |l ower cover fromsaid cassette while said cassette is at said
station; first neans for noving said upper cover renova
unit toward or away from said cassette while said cassette is at said
station; second neans for noving said | ower cover renova
unit toward or away from said cassette'~§-“ whil e said cassette is at said
station; and - third means for noving said upper and | ower

cover rennvil_unlts TN a drrectronm suchttrat—sard Hpper—ait—-owar
cover renoval units remain aligned
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wi th each ot her when said upper and | ower cover
2.

.noved
first,

claim 1l wherein said upper arnms each conprise at

in said direction.

r enoval

units are

Structure of claiml wherein said
second and third nmeans are air cylinders. 3.

| east one fi

Structure of
nger and

fourth neans for noving said finger so that said finger can be noved

underneath a rimof said top cover

sai ‘upper cover
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renoval structure further conprising fifth means for noving said upper pair
of arms outward. - 21 -
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4.  Structure of claim3 wherein said fourth and fifth neans are air

cyl i nders. 5. Structure for placing a cover on a cassette, said
cassette having a first rim said cover having a side including a catch on
said side for engaging with said first rim said side of said cover having
a second rim said structure conpr|5|ng an arm having at | east
one finger thereon for -
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engaging with said second rim first means for novi ng said arm

toward or away from said cassette, whereby when said armis noved
toward or away fromsaid cassette, said finger is noved toward or away
fromsaid cassette, and when said finger engages with said second rim
said side of said cover can be noved toward or away fromsaid
cassette; wher eby when said st3dicture places said cover on
sai d cassette, said side of said cover is held away from said cassette
until said chtch passes sard frrstrim

oy
-

Mj@:]_{goée

o| 0
i 0
l‘: i A
o
25 -2
hz S
O o
1k ol
[ 1

YRCH\N

i

T T
FIG._4H

REPLACEMENT SHEET

25 APR 1997




6. Structure of claim5 wherein said first neans is an air cylinders.

7. Structure of claim®6 further conprising second neans for noving said
finger along an axis substantially parallel to said armso that said finger
can engage with or disengage fromsaid second rim
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8. Structure of claim7 wherein said second neans is an air cylinder.
9. Structure of claim8 further conprising an electronic controller for
controlling said first and second nmeans so that said first and second neans .
cause o
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said finger to pull said side of said cover away from sai d cassette
when said cover is placed on said cassette.
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10. Structure of claim9 wherein said electronic controller is an

integrated circuit. 11. A nethod for placing a cover on a
cassette, said cassette having a rim a catch for engaging with
said rimbeing on a.side of said cover, said side of sai d cover having
arim said nethod conprising the .steps of: causi ng
said rimof said side of said cover ~-16 - to be held by a cover
graspi ng structure; pul ling.said cover grasping structure
away - .
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frem said cassette; causi ng sai d cover grasping structure to

push said cover onto said cassette; and thereafter
pushi ng said cover grasping "structure toward said cassette so
that said catch engages said rim 12. Method of claim

11 wherein performng said step of puHJfEtgrior to said step of causing
sai d cover grasping structure to push said-cover onto said cassette prevent

said side of said cover from snapping over said catch
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13. Method of claim 11l wherein said step of pushing and pulling is
performed by actuating an air. cyl i nder. 14. Structure for
renovi ng a cover conpri sing: a first central nenber;

a first set of arns coupled to said first central nmenber, said
first set of arms further 'corrpaiesi ng neans for engaging with and

renoving a . v
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cover.  froma cassettefTHﬁDH5§Fﬁ§ form ng at | east sone of the
said central nenber; and (S Means wthin said fi
for pul l'ing and pushing~said arns. - 15. Str
wher ei n.gai'd means within said central nember for pushiind
arnms is an air cylinder, and said arns a{e plvotally (ofo
central . menber.

SHIPPING CASSETTE LID AND UNLID AUTOMATION

Background of the Invention
This invention relates to automation for placing

covers on shipping cassettes and taking covers off
shipping cassettes.

Magnetic dlsks are typlcally shipped in plastlc
cassettes, such as the cassettes described in U.S.
Patent 4,557,382, issued to Douglas M. Johnson on
December 10, 1985, and incorporated herein by
reference. Figs. 1A to 1D show a cassette 1 which
includes slots 2 for receiving magnetic disks 3 (shown
in Fig. 2).

Cassette 1 includes a top opening 4 for receiving
a top cover 5 and a bottom opening 6 for receiving a
bottom cover 8. '

Bottom ¢cover 8 includes a rim 10 which surrounds
and mates with walls 12 at the bottom of cassette 1.
Bottom cover 8 is held on cassette 1 by a friction fit.
The top of cassette 1 includes a rim 27, which is
received by a slot 28 in top cover 5.

As can be seen in Fig. 1B, the sides of cassette 1
includes slots 16 surrounded by slot rims 18. The
sides of top cover 5 include tongues 20 which cover
slots 16 when top cover 5 is placed on cassette 1. A
catch 23 (on each of the tongues 20) engages with one
of rims 18 to hold top cover 5 in place. Each catch 23
igcludef a slanted bottom surface 24 (Figs. 1C and 1D)
‘such that if one pushes top cover S downward over rims
18, tongues 20 are pushed outwardly in the direction of
arrows A until catches 23 pass rims 18. When catches
23 pass rims 18 tongues 20 snap back and catches 23
engage with rims 18. To remove top cover 5 from
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16. Structure of claim14 further conprising an air intak
fromthe interior of said central nmenber, to thereby reno
fromsaid structure. 17. Structure of claim 14 whedeifn a wall of
sai d centtal menber conprises an indentation for mating wilt a®NOV d¥9%aild
cover. 18. Structure of claim 2412herein said strudtudre

conveyer bands CBl. A sensor Sl (Fig. 6) senses when
cassette 1A is a short distance from stop 212, and in
response thereto, the PLC integrated circuit slows the
stepper motor driving bands CB7. As cassette 1A moves
closer to stop 212, cassette 1A is sensed by a second
sensor, (not shown), and in response thereto, bands CB7
push cassette 1A into mechanical stop 212 and then
stop. (The stepper motor actually over-drives bands
CB7 by a short distance to ensure that cassette 1A is
in position against stop 212.) As mentioned above,
bands CB7 are driven by motor 185 (Fig. S) which in
turn is controlled by the PLC integrated circuit.

Thereafter, fingers 170-176 are pushed against
cassette 1A to grasp and hold cassette 1A in place (in
the position shown in Fig. 4B), and stop 212 is moved
away {in direction N). At this time, upper structure
100U is in its upper position, lower structure 100L is
in the lower position, arms 104, 106, 156 and 158 are
outward, and fingers 112,.114 are in their upper
position (see Fig. 4B).

Referring to Fig. 4C, upper structure 100U is
move downward along rails 121, 123 by air cylinder 124 (shown in Figs. 2 and 5) -
until indentation 127 mates with projection 128 of top
cover S. Arms 104, 106 are held in an outward position
by air cylinder 110 while structure 100U is moving
downward. '

Referring to Fig. 4D, lower structure 100L is
moved upward along rails 151, 153 by air cylinder 154
until projection 166 mates with indentation 168 of

bottom cover 8. Of importance, arms 156, 158 are held
outward by air cylinder 162 while lower structure 100L
moves upward.

Referring to Fig. 4E, arms 156, 158 are then moved
inward by air cylinder 162 so that fingers 190, 192
(affixed to the ends of arms 156, 158) may grasp bottom
cover 8. (Unlike fingers 112, 114 of upper structure



renoves a top cover froma cassette, said structure further
bott om cover renoval structure conprising a second centra
second set of arns, said second set of arms serving as part
sai d secénd central nenber, said second central nenber incl
pushi ng ,and pulling said second pair of1arsas, said second j
conprising neans for grasping said bottom cover. 19.
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cl aim 18 wherein said nmeans for pushing and pulling said s¢cond pair of
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arns is an air

100U, fingers 190 and 192 are fixed with respect to
arms 156, 158 , and cannot be moved independently of

arms 156, 158.)

Referring to Fig. 4F, lower structure 100L is then
moved downward by air cylinder 154. Of importance,
bottom cover 8 is held in place by fingers 190, 192.
Projection 166 remains mated with indentation 168 to
further ensure that bottom cover 8 is held securely to

structure 100L.

Referring to Fig. 4G, as soon as lower structure
100L is in its downward position, fingers 112, 114 of
upper structure 100U are pushed downward by ai;

cylinders 118, 120.

Referring to Fig. 4H, after fingers 112, 114 are
extended to their lower position, arms 104, 106 are
pushed into their inward position by air cylinder 110
so that fingers 112, 114 are moved underneath tongues

20.

Referring to Fig. 4I, after arms 104, 106 are
pushed into their inward position, fingers 112, 114 are
pushed into their upward position by air cylinder 118,

120.

Referring to Fig. 4J, after fingers 112, 114 are
pushed into their upward position, arms 104, 106 are
pulled into their outward position by air cylinder 110.

Of importance, fingers 112, 114 push rims 116 of
tongues 20 outward when arms 104, 106 are pulled

outward.

Referring to Fig. 4K, after arms 104, 106 are
pulled outward, structure 100U is pushed upward by air

cylinder 124 (cylinder 124 is not shown in Fig. 4K, but

is shown in Figs. 2 and 5). Upper cassette cover 5 is

held in place by fingers 112, 114, which hold top cover

5 against the lower surface 126 of structure 100U. As

mentioned above, lower surface 126 includes an

indentation 127 which mates with projection 128 of



cylinder and said second central nember conprises an air i i e
renoving air fromsaid second central menber to thereby re \REPLAGEMEMT naie B
fron1sa|d strucrure
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said finger to pull said side of said cover away from
said cassette when said cover is placed on said
cassette.

10. Structure of claim 9 wherein said electronic
controller is an integrated circuit.

11. - A method for placing a cover on a cassette,
said cassette having a rim, a catch for engaging with
said rim being on a side of said cover, said side of
said cover having a rim, said method comprising the
steps of:

causing said rim of said side of said cover
to be held by a cover grasping structure;

pulllng said cover grasplng structure away
from said cassette;

causing said cover grasping structure to push
said cover onto said cassette; and

thereafter pushing said cover grasping
structure toward said cassette so that said catch
engages said rim.

12. Method of claim 11 wherein performing. said

step of pulling prior to said step of causing said cover grasping structure to push said
cover onto said cassette prevents said side of said cove“f%“‘%‘ﬁﬁfp‘p‘tﬁgmersmd“eatgh
and generatmg contamman’t PATLCIES. et

13. Method of claim 11 wherein said step.of
pushing and pulling is performed by actuating an air
cylinder.

14. Structure for removing a cover comprising:

a first central member;

a first set of arms coupled to said first
central member, said first set of arms further
comprising means for engaging with and removing a



~ 24 - 20. Structure of claim 14 wherein said structure renoves a
bottom cover from a cassette.

. -24 - + "« ¢ L KM s *
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20. Structure of claim 14 wherein said structure

removes a bottom cover from a cassette.

/ a1, Apparatus for removing or placing covers on a cassette, comprising:

a station for receiving a cassette;

an upper cover removal unit having a pair of upper arms, cach arm within said
pair of upper arms comprising means for grasping an upper cover and removing said upper cover
from said cassette while said cassette is at said station;

a lower cover removal unit having a pair of lower arms, said lower arms
comprising means for grasping and removing a lower cover from said cassette while said cassette
is at said station;

first means for moving said upper cover removal unit toward or away from said
cassette while said cassette is at said first station; and

second means for moving said lower cover removal unit toward or away from said

cassette while said cassette is at said station.

22,  Structurc for placing a cover on a cassctte, said cassette baving a rim, said cover
having a side including a catch on said side for engaging with said rim, said structure
comprising:

an arm having means for grasping the side of said cover;

first means for moving said arm toward or away from said cassette, whereby when
said arm is moved toward or away from said cassctte, said means for grasping is moved toward
or away from said cassette, and when said means for grasping grasps said side of said cover, said
side of said cover can.L be moved toward or away from said cassette;
" whereby when said structure places said cover on said cassette, said side of said
cover is held away from said cassette until said catch passes said rim.
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