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SPEED DEPANELI NG APPARATUS AND METHOD FI ELD OF THE | NVENTI ON The invention
relates to the field of handling nulti-board panels containing an array of
printed circuit (PC) boards with machi nery adapted to depanel or liberate
each PC board fromthe panel. In particular, the invention conpris
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the boards fromthe 20 panel. The depanel |ggl process nust be acconplished

with sufficient speed to satisfy the PRQBL. the overall assenbly process
he boar ds_are not THEGehste e BE hidd i b el o e s
becormes notke anderessing pfel¢ciropipnpointadriichit bgeedse Rthboard assamblydeyrives i ng
and assenbly RLOCESS ) DhE aftlihment of various electrical components to the PC board by
automatic means. A common approach is to assemble muitiple PC boards at one
time by employing a panel which comprises a plurality of PC boards, such as three.
in this way, multiple PC boards are assembled while only a single panel need by
156 handied by the automated assembly equipment. This approach simplifies and
speeds up the assembly operation. A critical step in this process is removing the
individual PC boards from the panel so they can be further processed or
assembled into finished goods such as televisions or other electronic equipment.
This operation is referred to as “depaneling” or “liberating” the boards from the
20 panel. The depaneling process must be accomplished with sufficient speed to
satisfy the needs of the overall assembly process and must be done in such a way
that the electronic components connected to the boards are not damaged.
As the manufacture of electronics based goods becomes more automated,
it is common to integrate the PC board depaneling and assembly process into the
25 overall manufacturing line of which the PC boards are a part. As an exampie,
rather than a telephone manufacturing process drawing from an inventory of pre-
assembled PC boards, it is common for the telephone assembly line to include a
PC board assembly process where, at a point in the process, the just-assembled
PC board is inserted into a telephone housing. This has increased the need for PC
30 board assembly equipment, and in particular depaneling equipment, that can
maintain a known registration of the depaneled PC boards so that subsequent
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15 embodiment of the Carr invention, each PC board is cut, sequentially, one at a time
from the panel. Each individual PC board is then moved by the movable arm from
the table to a conveyer belt or a registered location at a subsequent processing
location. A registered location is a location that hoids a PC board in a known,
programmable position.  In both embodiments of the Carr invention, the debris of

20 the depaneling process is transferred by conveyer belt from the depaneling
machine.

The apparatus described by Carr is effective for its intended purpose but it
is less than ideal in some important respects, especially considering the increased
requirements for taday’s electronics assembly processes. The Carr patent makes

25 no provision for transferring muitiple, depaneled PC boards to subsequent
automated equipment without stowing the depaneling process. The movable arm
described by Carr performs the functions of supporting a panel while the router
head operates to cut a PC board from the panel, moving one or more PC boards
from the table after depaneling, and moving one or more boards to a subsequent

30 processing station. This means that while the arm described by Carr is occupied
with transferring one or mare depaneled PC boards to a subsequent processing
station, the depaneling process is stopped because the same arm is needed to
support the panel during the depaneling process. Therefore, the depaneling
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del i vered, ei tHE©'E J ghtly or one at a tine, to a subsequent processing
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t he necessar ytomd depaieled. A PC board comprising part of a panel may have been deemed
unfit for use at a processing station prior to the depaneling operation and may have
been marked as a "bad” board. The depaneling equipment of Carr provides no
15 apparatus for recognizing and processing such "bad” boards.

There exists a need for depaneling equipment that depanels PC boards and
controliably arranges the depaneled boards in known, programmabile, locations for
pick-up by other automated equipment comprising the next step in an industrial
process. There also exists a need for a depaneling machine that performs the

20 depaneling operation quickly while achieving the necessary registration of the PC
boards for subsequent automated equipment and which disposes of the debris of
the depaneling process by removing it from the process line without adding
additional time to the machine’s through-put time. There exists a further need for
board verification system that is flexible and cost-efficient.

25 SOLUTION

The present invention solves the above identified problems and advances
the state of the useful arts by providing apparatus and methaods for depaneling PC
boards from a panel comprised of an array of PC boards. In particular, this
invention is embodied by a depaneling machine having a high through-put which,

30 after depaneling the PC boards, pasitions the PC boards in known, programmable
locations. All of this is accomplished, as well as the disposal of debris, without
increasing the through-put time of the depaneling machine. Unlike the prior art

machines, the present invention provides a seamless transition in an electronics
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.a panel to depanel the PC boards. This novenent by the table in the Carr
I nvention adds tinme to the depaneling process. The depaneling machi nery
described by Carr is also made nore conplex due to the need to provide

servo control of the table. 10 A further problemw th the Carr
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15 from the table, after the routmg process, to the registration nest. A registration arm
then picks up the PC boards, one at a time, and delivers each PC board, one at a
time, to a subsequent processing station.
The registration nest of the present invention provides a platform, or nest,
on which all depaneled PC boards of a panel board are concurrently placed after
20 being depaneled from the panel. A registration arm picks up each PC board, one
at a time, from the registration nest and moves the PC board to a subsequent
processing station. Alternatively, the registration arm can transport the board
directly to a location for final assembily of a product and, for example, it can insert
the board into a telephone housing piece. The depaneler system operates more
25 efficiently since the depaneled PC boards are held in the registration nest while the
depaneler arm returns to the table to begin processing on a new panel. While a
new panel is being routed, the registration arm delivers PC boards, one at a time,
to a subsequent processing station.
A fixed table of the present invention solves an additional problem of the
30 prior art. When a panel is secured in the table, the depaneler arm fingers move
into position over the PC boards in the panel. The fingers grasp each individual
PC board. When the PC boards are depaneied, each board is concurrentiy heid
by a set of fingers. The panel material that held the individual PC boards together
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one tinme in a panel and handling each PC board as an individual unit. In
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concurrently placed after 20 being depaneled fromthe panel. A
regi stration wPr %P%‘ks up each PC board, one at a tine, fromthe

regi stration nest migthepadantdye dPthdpaisent ifventinlrsiatisaota board verification
system. In a preferred embodiment of the present invention, an optical sensor is
attached to the router head assembly and positioned to detect information encoded
15 onto the panel or on a PC board. The router head can be programmed to move to
a position to read markings or holes placed on the panel to verify proper orientation
or alignment of the panel. In this way, the depaneler system can adjust its
operation based on the information read by the board verification system. For
example, prior {o the panel reaching the depaneler system, a PC board within a
20 panel may fail a certain test. As a resuit, the PC board is marked, in a prior
process, by having a hole punched through the PC board at a certain location. The
verification system of the present invention identifies the failed PC board by
sensing the hole in the PC board. The depaneler system then does not process
the failed PC board but rather allows the failed PC board to be scrapped along with
25 the debris of the depaneling process. Other uses of the verification system include
providing a fault signal in the event a panel becomes misaligned in the process or,
for example, is upside down. A further advantage of the board verification system
is to detect different types of boards. An electronic assembly process may be
arranged to process more than one type of board sequentially. In this event, the
30 optic verification system can differentiate between different types of panels as they
enter the depaneler and load the appropriate routing program for that type of board

to direct the router head.



. processing station. Alternatively, the registration armcan transport the
board directly to a location for final assenbly of a product and, for
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DETAILED DESCRIPTION
Figures 1,2,4,5 and 6 depict various views of a depaneler system 100. In
15 order for the reader to better understand the operation of depaneler system 100,
a description of a panel 111, with respect to Figure 3, is first provided.
Panel Description
Panel 111 containing 3 PC boards 114 is depicted in Figure 3. Slots 302
and tabs 301 define the edges of PC boards 114. Tabs 301 connect each PC
20 board 114 to panet 111 and are cut during the depaneling process to release each
PC board 114 from panel 111. Registration hoies 303 are positioned to mesh with
registration nest 205 as described in more detail betow. Holes 305 are arranged
to mate with tapered pins 171 of positioning assembiies 132 when panel 111 is
held in rails 131 and 130, all as described with respect to FIG. 1. Frame 304 is the
25 material of panel 111 that holds each PC board 114 together as a single panel 111.
Frame 304 becomes the debris of the depaneling pracess, as described in more
detaii below. Three PC boards 114 are described here as exemplary. One skilled
in the art will recognize that panel 111 may be comprised of any number of PC
boards 114. Panei 111 may not have slots 302 pre-cut as shown in Figure 3 or
30 may have smaller slots 302 and larger tabs 301.
Overall Operation of Depaneler System
The basic components and general operation of a depaneling system 100
is described with respect to Figures 1 and 4. A panel 111 of interconnected PC
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;,work area. A further advantage of the present invention relates to a board
verification system In a preferred enbodi nent of the present invention, an
optical sensor is attached to the router head assenbly and positioned to
detect information encoded 15 onto the panel or on a PC board. The router
head can be pro ranqsd to nove to a position to read markingg Cp

pl aced on the o verify proper orientation or alignnent e panel
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detect differept types of boards. An electronic assenbly process may be
arranged to protess nore than one type of board sequentially. In this

event, the180 opt iWitheelfefercat todfigerest, encertroligr (124 reommunicates withevarious

o Pl MR EL3ap Bt Bl U S5ERA 1 oBBR0 1 A0mtr,
head. 5 WO 8yétepi $0G In addition, controller 121 provides diagnostic status information and
PCT/US97/ 03087prowdes for on-line programming of depaneler system 100. Controller 121 may be
an IBM compatible personal computer or similar device. All of the individual

15 connections between controller 121 and the various motors and sensors of

depaneler system 100 are not shown as this simplifies the figures. The nature of

these connections is understood by those skilled in the art.
Staging Area Operation

On Figure 4, staging rails 104 and 108 are attached to table 101 and are

20 spaced apart to hoid panel 111. Pansi 111 is presented to staging rails 104 and

109, as shown in figure 4, from a previous processing step (not shown)}. Panei 111

is moved along staging rails 104 and 109 by conveyors 110. Staging rail 104 and

staging rail 109 are each formed with a groove along the edge of the staging rait

coincident with the edges of pane! 111. Within that groove in each staging rail 104

25 and 109 is conveyer 110. The conveyor 110 associated with staging rail 109

cannot be seen in Figure 4. With respect to conveyor 110 associated with staging

rail 104, conveyor 110 is a continuous plastic or elastic O-ring which circulates

around staging rait 104. Conveyor motor 124a causes conveyor 110 to circulate

counterclockwise around the longitudinal axis of staging rail 104. Staging rails 104

30 and 109 are spaced apart so that conveyors 110 contact panel 111 and to move

it in the direction indicated by the arrow in Figure 4. Conveyor motor 124b drives

a similar conveyor 110 associated with staging rail 109. Conveyor motors 124a



.The above and ot her features and advantages of the present invention wl|
becone apparent fromthe foll ow ng description and the attached draw ng.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of the
depaneling system of the invention. 5 FIG 2 depi ct s a side view of

t he depaneling _ﬁgtem of FIG 1. FIG 3 depicts a panel hayi n%

i nt er connec ™ Woards. FIG 4 is a perspective view of §?’ﬁ’@?sﬂg area
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depanel ing system of FIG 1 excluding t he re%stratlon arm assenbl y.
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descri ptign ded.
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301 connect h P nel, 11 r u uy i t he
depanel i ng p{r%g'%@ %éargecf%g%{st% 133%%hé%eﬂgoiertﬁéﬁ%ﬁ#ﬁ%o%pg%ﬁrgﬁy %ﬁ%cpag thg'}
Regi st rat i onsérskeeshdp@sanee pigsdrel mnﬁdStagm@daétembrt tes e@hmﬁn@hﬁe@m $igaal 205 as
described in no e arran? to rrate1h\/|4th t aper ed

el oot Noaintiralft Fe b Rt 38 stga Tl § aReltondn StegtaliuS th ael SPT5:

and 130, 1el Imesaaje@emdmbmgabtmnest Coatrbiiér. 121, rdsbansive ta isignPomd
mat erial of panel 111 t g% hol ds each PC board 114 together as a single

panel 111. Fragipgdeteciord ends 2 sigag)to COYRYPT ROt AftaD IRICaHSE Qop¥eY s
descri bed i NmBRIre 1984-Bitb sk, AWthi$ W clivelodr P19 stdd nidvihg\Rsen baed hare as

exenpl ary. cpeeac?\éé I':-zI position along staging rails 104 and 109 adjacent to staging detector
125.

15 On Figure 1, panel 111 is held in staging area 190 until controiler 121
communicates signails to move panel 111 from staging area 120 into depaneling
area 191. Depaneler rails 130 and 131 are spaced apart similarly to staging rails
104 and 108 in order to accept panel 111 from staging area 180. Depaneler rail
130 and 131 are formed in similar fashion to staging rails 104 and 109 in that each

20 has a groove formed on its surface coincident with panel 111. In the groove is
conveyor 128 which is a continuous rubber or elastic O-ring. Conveyors 129 are
caused to move by the operation of conveyor motor 126a associated with
depaneler rail 130 and conveyor motor 126b associated with depaneler rail 131.

When it is time to move panel 111 from staging area 190 to depaneling area

25 191, controiler 121 communicates signals to conveyor motors 124a and 124b to
cause conveyors 110 {o operate. The operation of conveyors 110 causes panel
111 to be moved from staging area 190 towards rails 130 and 131 in depaneling
area 191. At about the same time, controlier 121 communicates signals to
conveyor motors 126a-b to cause conveyors 129 to move along depaneler rails 130

30 and 131. The motion of conveyars 110 moves panel 111 from staging area 190
into contract with conveyors 128. Conveyors 128 move panel 111 from the staging

area to depaneling area 191.



.inthe art will recogni ze that panel 111 may be conprised of any nunber of
PC boards 114. Panel 111 may not have slots 302 pre-cut as shown in Figure
3 or 30 may have snmaller slots 302 and | arger tabs 301. Overall Operation
of Depanel er System The basic conponents and general operation of a
depaneling system 100 is described wth respect to Figures panel
111 of inter CHAAERSEY PC 6 WO 97/ 31515 rciiboioaoty

PCT/ US97/ 03087 boards 114 first @Eﬁéﬁ,ﬁ?gwsbﬁ%&yst em 100 at a staging
area 190, shown in Figure 4. InTesponse To signals froma controller 121,
panel 111 i s novedThematienscaoveypenlabmoyes aam?éaéﬂ\@lqnegd%ﬂa@&*emaﬂ%h@ hel d
at the positi st 18B ettt b nor e
detail with r%@&?@?%‘d Eaﬁ:élg"fﬁ%o c%%ﬁ%éigépboar%fﬂ 1>']'.'74 ??tom g%gl QTO‘M{I
depanel er ar mimEgered 9dja®!t ﬁlopelﬁmaﬂ\te‘l%lfematmW%ﬁapﬂeam?lﬂtendﬁﬁh@mt I y

from depane | gt Jo%?roﬁe%%r&gﬂi%l'éﬁrl gge%@ﬁggé%ga s.§h§ ne%fécmtsz%n ar ea

192, a regist arm assenbl one a tinme to a
subs equent pr ceeds |smgwaatatmmnrs(‘(ﬂﬁa—lsmmlo icanv@ygty 829 ) Pane 111 is nowio the

eerence £ Rl oo FEIDIE LIt pARATHY FAL% dobbed Ao TAFLS,,
system 100. | rconfstiriicates signalstoklpair of pbsitioning dsserdbiesms. | Each ms&%mng
o B 187 e O bR A 0 O i RE P b T
devi ce. Al {g ofcalibe@phsinatic dwaheﬁbf(nomamphlmﬁomﬁg wsamm:ea 1Bltd Hwe’k?bhrs?lnd
t he various notors and sensors, of | er t sho
this sinplifi egotq??é’”ft?‘@?fpé’é“ Hhy- ﬂqp@( ins ﬁ ma e w:tg%o?es 305 in pane 1
to hold panel 111 in a fixed position. Whereas stop element 127 paositions panel
111 relatively close to the desired location with respect to the X-Y axes, tapered
pins 171 precisely position panel 111 for the routing process.
15 With panel 111 precisely positioned by tapered pins 171, panel 111 is
clamped in place as follows for the routing process. Rails 130 and 131 have
associated with them rail clamps 138 and 138, respectively. Referring to rail 130,
rail clamp 138 rests on top of rail 130. In response to sighats from controller 121,
pneumatic cylinders (not shown) between rail 130 and rail clamp 138 cause rail
20 clamp 138 to move downward clamping panel 111 between rail clamp 138 and rail
130. Operation of rail clamp 139 and with respect to rail 131 and panel 111 is
simitarly described.
When panel 111 is held by rail clamps 138 and 139 in rails 130 and 131,
fingers 106 of arm 105 grip individual PC boards 114 in order that router assembly
25 185 can operate to separate PC boards 114 from panet 111. Fingers 106 are part
of depaneier arm 105. Depaneler arm assembly 119 comprises depaneler arm
tower 112, depaneler arm support 150, and depaneler arm 105. Depaneler arm
105 is connected to depaneler arm support 150 by bolts 113. Precise positioning
of depaneler arm 105 with respect to depaneler arm support 150 is established with
30 locating pins (not shown) on depaneler arm support 150 which mate with holes (not
shown) on depaneler arm 105. Bolts 113 are provided so that a user can process
paneis 111 of different designs by removing depaneler arm 105 and replacing it
with depaneier arm 105 having a different configuration. Depaneler arm support
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.these connections is understood by those skilled in the art. Staging Area
Qperation On Figure 4, staging rails 104 and 109 are attached to table 101
and are 20 spaced apart to hold panel 111. Panel 111 is presented to
staging rails 104 and 109, as shown in figure 4, froma previous processing
step (not shovvn!). Panel 111 is noved along staging rails 104 and 109 by
conveyors 1 W89788523ing rail 104 and staging rail 109 are eBCHUPGOMEY with

a groove al onggg iQ%licﬁégz?ﬁcd%eétBS_toS&é&hﬁl@r fode} 1?th$t{gﬂ§dgﬁdé@ jdp.t :geff of

panel 111. Wthin t groove in each staging rai 4 25 an 91s

conveyer 110.tomi@gnalyfiomycontreder tals pepuralc arlitdest g (fig. 2umpvasderaneitit be
seen i n Fi gurgmls ,didr 156 FPREZ his.C PRYSNSIEr dri) W@i%ve\é& &Ef@ﬂw‘g rail

104, conveyor 110 is a continuous plastic or elastic Orin '
ci rcul at es ar dongigwdesy1 %Ay pneumadic cylider ¥4 opatates inreaponsettosignatsifreryor 110

to circul age (o AV, @&g é&ié{l ' f.stagng rail
104. Stagi %g ?@#@I@ﬁggﬂ?,?% éﬁ%‘gﬁg a?gagpéé%e%ghgpar %S%%rgeéé}caorﬁ\/@mg 110
cont act panel salenbichimat sfmwn)mperiate_sj in reipan_dé _tcesjghaia friomdcardtodidr H1 td\gamser ow in
Lo oYl ot dkG5nE R Conueyor 110 associated it
PCT/ US97/ 03087 andepatiziertowat €12 has bagonS@ whirhsis giidatsly fconnected te glider 121
and, dependin the signals fr troller, 1 -can nove . .c ors 110
el ther ai 1B BEPeRS AR oresRiBl, Eibhes, b s ARiacs 187 4 heve
panel 1 110 fsperativn of oty 130Nt iledid, scRIWY2B, | Lieabisgtenel 2B isdonAeeted tdimotdr
depanel er tabﬁa 10% al onrg st a

presence is d gt e 'F’Qlﬁrﬁlag%@gﬁég :'é?%égé‘ﬁﬁgg r'%t(')'g” : H‘Lrﬁcggﬁrgg‘}‘féllz%ili

engaged by st@gpBgitdsiwitttbdget 586t dbpandBeiowey 1Y such that when lead screw 123
is turned by motor 133, depanseler tower 112 is caused to move in the X axis along

guide 107.
15 With reference to Figure 1, the process of routing PC boards 114 from panel
111 is initiated after panel 111 is held in tracks 130 and 131 by rail clamps 138 and
139 and supported from above by fingers 106. Fingers 106 support panel 111
when controller 121 sends signals to drive motor 133. Operation of motor 133
causes depaneler arm assembly 119 to move along guide 107 so that fingers 106
20 are directly above panel 111. Signals communicated from controlier 121 to
pneumatic cylinder 134 cause depaneler arm 105 to move downward until
depaneler fingers 106 are inserted into slots 302 in panel 111. Controller 121
sends signals to the solenoids for each pair of fingers 106 to cause fingers 106 to
ciose and grasp panel 111. This is the state of depaneler system 100 shown in

25 Figure 1.
Description of the Routing Process

The apparatus of router assembly 185 is described with reference to Figure
2. Router assembly 185 is mounted below table 101. Depaneler arm assembly
119 and registration arm assembly 120 are positioned on top of table 101. Router
30 assembly 185 can move in all three axes. Pneumatic cylinder 210 operates, in
response to signals from controller 121, to cause router head 215 to move up and
down in the Z axis. A motor 211 receives signals from controlier 121 and, in
response, drives lead screw 212 {o cause router head 215 to move in the X

10



_towards staging detector 125. Staging detector 125 is a proximty detector
that senses the presence of panel 111. Staging detector 125 conmunicates a
signal to controller 121 when panel 111 is noved to a position in staging
rails 104 and 10 109 adjacent to staging detector 125. Controller 121,

responsive to a signal from staging detector 125, sends a sig]
conveyor not oM@¥BAH5h to cause conveyor motors 124a-b to st P%#vﬂ)g%sv

Way, CONVeyor SyblfhSt %td?@% N8adB&ewARAndlrbiter pREH Qﬁs%ré’ﬁx%hhte@lrbrﬁdr&ﬁg
staging rails 104 and 109 adjacent to staging detector 125

On
Figure 1, pane161 Motpr213ds gonecipddy |ariga‘&$@' &WJKQQt ghown) teBRYe 8?”‘&2@2 and
communi cat es sﬁog%gk@a%g'l an!ﬁg?%ﬁ'gﬁ&&ﬁ érgf&ggﬁé;@w § §8mIctroéO121.

depanel i ng area 131 afe spaced apart simlarly
to staging rails 1@Dnunﬂﬁr]3@9 sendsosignals lodn@tctSe%ﬂ mms moaﬂmnoytea@eag area

190. Depaneljerzfrsgb}, Eh%%?ﬁgr%ypr@%sgrﬁn d?ﬁ:mé hrﬁhe?' | Alve dhaflfsh 9

rails 104 and eac roove or mred on | s surface
coi nci dent wi tdonpraher 1211] inoves rauter Pgﬁaub?)lé upward irv heof axig sowtcbutes bih 202

cont i nuous rubber or I.n \ 129 d.t e by

t he operation %ﬂgaggﬁ\?gygfi%hg?u%g%e &%‘%@ :R{ZZIE "teﬁﬁﬁ%pgx’gfeé ggr$% 180" and
conveyor not ormdviiiin assogramived padtien, desponsiverto siinkisifasm chfitesiler t121 astuste to
e S Ly B gy Rl 1
121 comuni cat%®$ v r

con\éeyors 3@]9 A@mﬁﬁlﬂfr@ﬁ%boﬁl@ltmmpﬁtit@ﬂlgaﬁe 3;@|aua¥gg&né%ﬁft§admemrmtlsl 11
to be nove r n e wards rails anel i ng
brea 10, At B PiRO@ahuoier Bt 208 1P rEtnonse 15 TaneR I Coles o anety o
conveyor not or &iilAfdle I pahelf PHBIH cTEEMBY IS 318030210 aupanal wo%oammal fidmrails
130 30 and 131. The notion of conveyors 110 noves panel 111 from staging

area 190 into RBWALtt with conveyors 129. Conveyors 129 nove panel 111
fromthe staging arRembealdePe®ddrBs framAfepthblindArea to Registration Area

15 With reference to Figures 1, 3 and 5, when all of tabs 301 have been cut

by router bit 202, controtier 121 sends signals to operate pnsumatic cylinder 134
in order to raise depaneler arm 105. Individual PC boards 114, grasped by fingers
106, are thereby lifted as a group from rails 130 and 131. Controller 121 sends
signals to motor 133 to drive lead screw 123 and cause depaneler arm assembly
20 119 to move in the X direction towards the registration area 192 of depaneling
system 100. Controller 121 then sends signals to refease panel 111 by releasing

rail clamps 138 and 139 and to raise tapered pins 171 from panel 111.

Disposal of Debris

Frame 304 of panel 111 is still resting in rails 130 and 131. Frame 304 is
25 no longer needed and, through the following operation of depaneler system 100
described with reference to Figure 5, is removed from the process. Panel frame
304 is comprised of what is left of panel 111 when tabs 301 have been cut and PC
boards 114 removed from panel 111. Solenocids (not shown), connected to rail 130
and depaneler table 101, receive signals from controlier 121 to cause rail 130 to
30 move slightly in the Y axis away from rail 131. Controller 121 sends signals to the
solenoids to cause this Y axis movement of rail 130 after PC boards have been
lifted as a group by depaneler arm 105. The movement of rail 130 increases the
distance between rails 130 and 131 and causes frame 304 to drop through a hoie

11



MO 97/ 31515 PCT/ US97/ 03087
Depanel ing Area Description The notion of conveyors 129 noves panel 111

al ong depaneler rails 130 and 131 until panel 111 contacts panel stop

el ement 127. Detector 528, shown in Figure 5 adjacent stop el enent 127
senses the presence of panel 111 and sends 5 a signal to controller 121.
Control | er WO#7B¥st%nonsive to a signal from detector 528, EERO™3%8hals to
notors 126a-] t il ' ' sid Lon shown
B gure 1. MBS R ER0URR) Bin 501 TR Rl ot ofrimS Y, g Mo I
signal s to adgpaneling prooesst isgemened{eme tid prosessaeithash gddipg anyiextradigneassenbl y
132 has a b LL ' er 121 10
cause pneun;{hlegzd L%?ﬁlgﬂ’(?tef?rg gé%gqrgéﬁgéﬁ#tqeﬁhgﬁ%l? ?@é\?érrg?g{sgs%%isi es 132 to

| ower bars 170 dotso hotedinal irpEigere 5] fe depapeled & Cborsds] V14 amt leldby fingetses 305

[ | | d | ' fi d i ti ,
1 Pane! $11,30 DL R0, ol s i e e D
respect to tbeardsY 1@ePpladecipemdd regisisationlngst 440 38l despritsad belbwpamiRdthdrll f or

the routin ro .15 . W.th pa 111 precisel [tioned b

t aper ed pi ﬁﬁ?ﬁﬁﬁgmsemlw%%?}%@Hgbﬁeﬁ%gﬂﬁ%?p@a@éf&ssmg uting
process. Raipg boidantls had madue frafsbetiwvaba daid 130 bR TBN aind A4 and
139, respectively. Referring to rail 130, rail cla rests on top of

. ) np 138
rail 130. | nPPL{EORER 180 ¥ ig 5P p?ﬁ"ﬁﬁ?”?"r 1 gendeionghniamatars 18¢ebnder s
(not showp) Sed 1864b"t8 blind PEnéNd 11 IFiguTt &TRord $Gigfrttals 164 bndq09té sk 138 to
nove downwar d cl anpi ng panel 111 between rail clanp 138 and rail 130.
Oper ati on of 13&and dBhnp 139 and with respect to rail 131 and panel 111 is

simlarly described. Wen g&ag{ ofigéd do%r&ﬁhqié&stfa%bh Agbanps 138 and 139 in
rails 130 and 131, B
Registration nest 140 is described with reference to Figure 6. Registration

nest 140 has base 801 which is removably attached to table 101 through pins 604.

15 Compartments 602 are formed so that each compartment 602 receives one PC

board 114. Each compartment has locator pins 603 which mate with holes 303 in

PC boards 114 (shown in Figure 3). Registration nest 140 is uniquely configured

for each different application of depaneler system 100 and is therefore provided

with pins 604 to aliow various different configurations of registration nest 140 to be

20 attached to table 101 for various different applications. An example of a different

configuration for panel 111 is a panel 111 containing 4 PC boards rather than 3 PC
boards.

Placement of PC boards 114 in registration nest 140 is described with

respect to Figures 1 and 6. Depaneler arm assembly 119 is moved along guide

25 107, in response to signals from controlier 121 to motor 133 as described above,

until PC boards 114 are positioned over registration nest 140. Controller 121

sends signals to pneumatic cylinder 134 causing depaneler arm 105 to move

downward in the Z axis. Depaneler arm 105 is lowered until individual PC boards

114 contact their respective compartments in registration nest 140. As described

30 above, locator pins 603 mate with holes 303 in PC boards 114 to precisely hold PC

boards in registration nest 140. A sensor (not shown) in registration nest 140

sends a signal to controtler 121 indicating the receipt of PC boards 114 by

registration nest 140. Controller 121, in turn, sends a signhal to the solenoids

12



fingers 106 of arm 105 grip individual PC boards 114 in order that router
assenbly 25 185 can operate to separate PC boards 114 from panel 111.
Fingers 106 are part of depanel er arm 105. Depaneler arm assenbly 119
conpri ses depaneler armtower 112, depanel er arm support 150, and depanel er
arm 105. Depaneler arm 105 is connect ed to depaneler arm su by
bolts 113. PMR¥E85%ositi oni ng of depaneler arm 105 with reggg'@%”gn?&"
depanel er ar msyppabl wihGin Eérseﬁieatalda‘abéﬂngéﬁshoéqo rélg5&H | chodar@§1 {gopcshown)

on depanel er arm support 150 which mate wth holes (not shown) on de anel er

arm 105. Bol t boargs 1&1" aregiaw/ipeated iyegirition nest4: abopialasd2t p%?ﬁé? sigpg
different des i&g@ttﬁ 15@@8&%@ l?@@@@@v@ﬁ kS mdVs. dﬁb‘;néﬁplé:ﬁ%rﬂﬂ y! 119bAdk

depaneler arm1 avin er ent co guration arm support 9
WD 97/ 31513 towards depanehng area 191 to begin operatlon ona seconqagqnggg?/ 03087 150
I's slidably connected to dep I ui des 152. In
response t%)é signals fromcon e Asfemb) nder 134 (Fig. 2)

noves depanel er arGpergiipordf régstrationt aren Zssgml'ﬂy 1D§pade$mbearmtts tggpect to150
TSl o0 Pl B 27 BB A5G R DT B ML o £EICHER "
connected to cbmwmioarnest M40 05 subsepieatproteésing stdtioné Oopét@lstﬁataonrarm
[SSPONSe L B0y AT el 15 AR S VB g S el B 5108
connect ed Qo gui deFr 1 1Bep aliddbly motnted ohetrdvky! 17 dhdrengages leadiszretv a46S,
o e R ot BB o3l St B e K%, J A, L™
screw 123 is &t rsedpoermmuaw J:BBnéméd)ﬁffaérﬁé 196 bhd baves Irbtheof ditegtivmel er
tower 112 such otnrg]; ramee\qs by%ge %Sér% on o motor 147 and lead screw 148. Motor 147
operates in response to signals from controiler 121 to turn lead screw 148. Lead

15 screw 148 engages registration arm support 137 so that registration arm support
137 is moved along frame 115 by the turning of lead screw 148. Frame 115 is
moved in the X axis by the operation of motor 145 and lead screw 146. Motor 145
operates in response to signatls from controller 121 to turn lead screw 146. Lead
screw 146 moves frame 115 to move along guide 135 and track 117 in the X

20 direction. A registration arm 607 moves in the Z axis when pneumatic cylinder 605,
in response to signais from controlier 121, moves registration arm 607 to move up
and down on guides 606. Guides 606 are connected to registration arm support
137 and registration arm 607 is slidably connected to guides 606.

Controller 121 delivers signals as just described to move frame 115 along

25 the X axis and to move registration arm support 137 in the Y axis. In this way,
registration fingers 608 may be positioned over one of PC boards 114 in
registration nest 140. In response to signals from controlier 121, pneumatic
cylinder 605 |lowers registration arm 607 so that registration fingers 608 are
positioned around one of PC boards 114 located in registration nest 140.

30 Registration fingers 608 are closed by a solenoid (not shown) in response to
signats from controlier 121 to cause registration fingers 608 to grasp a single PC
board 114. Pneumatic cylinder 605 responds to signals from controlier 121 to lift
registration arm 607 thereby lifting single PC board 114 from registration nest 140.
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is turned by notor 133, depaneler tower 112 is caused to nove in the X axis
al ong guide 107. 15 Wth reference to Figure 1, the process of
routi ng PC boards 114 from panel 111 is initiated after panel 111 is held
in tracks 130 and 131 by rail clanps 138 and 139 and supported from above
by fingers 106. Fingers 106 support panel 111 when controller 121 sends
signals to dWP@@BH%§ 133. Cperatlon of notor 133 causes JREFAREPRI%Y m

assenbl y 11915512, x&,ahﬁa@zwaﬂfa(g gorwgécﬂzéwae%%%gaﬂﬁgpéssct'y

above panel |gna comuni c ontroller 121 to pneunatic
cylinder 134 rouahss m@eér lhlsrapwsnttg thaseskiledinthe artihat, rleg@érpamlaen

fingers 106 a}tg‘.qs g@g sends
signals to tihge sdg enol la?&tgbe@% %gﬁ%#%#%&%@s&%%o& cgﬁéé%bffﬂl]éé?s 106
t o cl ose and frpmategispratinst nest 140, PGhbeard 414 han be mtatedftudmpw@medwsmﬂmtloo
shown in 2 LRt tin he atus of
outer assont PHEE of PCBEHI IS Sifoodnaf e R At SPGB RefHE &
assenbly 185 evenrmttmti%bshﬁlwm alArticulftion cliierpgist?btwn am:;maz&eaﬁdg;l &E;@nd 2
regi stration Eﬂﬁ‘\? HX ar e OSItIfO%}?&Eﬁ&PFPé’DO ta ter
assenbl y 185 8 819 MIP 35?6‘9" FPDPYMELS CYinsler okt es,

i n response tshowhynabstrdifep T2¢ aehdosignals 1@ otdre 1484nd 147Ut erdéi@@ﬂo&%nt 0

rove UP, 3N R kel R £1a B IR el Yhaker STHE o e MRl el oac
215 to noye s?sfehﬂo‘é ddpicted W@ﬁl‘eﬁ’d5¢ﬁrough this operation, single PC board 114 is
PCT/ US97/ 0308 di rection. Mot 211, | ead screw 212 and router head 215 are
nmount ed on f reiaged at subsequent locatlon 610 as directed by controlier 121. Controller 121
sends signals to the solenoid associated with registration fingers 608 to cause
fingers 608 to open and release PC board 114 at subsequent processing station
610. Controller 121 communicates signals, as just described, to cause the
15 remaining PC boards 114 in registration nest 140 to be moved from registration
nest 140 to subsequent processing station 610. Subsequent processing station
610 has location 609. Location 609 may be a registered, known location with
respect to the X, Y, and Z axes, as is depicted in Figure 6, or it may be simply a
moving conveyor belt or other unregistered location.
20 While registration arm assembly 120 is operating to move individual PC
boards one at a time from registration nest 140 to subsequent processing station
610, the remainder of depaneler system 100 is processing another panel 111.
Thus, when registration nest 140 has been cleared of PC boards 114 by the
operation of registration arm assembly 120, depaneler arm assembly 119 delivers
25 anew set of depaneled PC boards 114 to registration nest 140.
Board Verification Apparatus Operation
With respect to Figure 2, a further embodiment of the present invention is
described. An optical sensor 214 is attached to router head assembly 215. Optical
sensor 214 is used, when panel 111 is fixed between rails 130 and 131, to read the
30 presence or absence of openings, markings, holes or other features on panel 111.
In the preferred embodiment, a location on panel 111 can be checked by optical
sensor 214 to ensure that panel 111 is in the proper orientation. A location on
panel 111 or PC board 114 is selected so that, if panel 111 is in the proper
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216. Motor 213 is connected to a | ead screw (not shown) to nove frane 216,
and router head 215 in the Y direction in response to signals from
controller 121. Controller 121 sends signals to notors 211 and 213 to
position router head 5 215 for the routing process. Pneunmatic cylinder

210, in response to signals fromcontroller 121, noves rout %C%gmé%;
upward in theV@9%S so that router bit 202 engages panel 1 one
of “slots 302 iReMansh, nlarleseﬂﬁ’@utﬁarmé?ﬁa%&éé bﬁcmaya%oxél :@ogrw %éﬁgmm

pattern, responsive to signals fromcontroller 121 as describ to

cut. each of t afbﬂprmmi!mwmf the rting preeess, senfeplien 121 sengs ﬁ&“aisltl? matgrs 21%

nment i oned abo & k 0

T ot 5 802, -1 m e 1a o ERREA opliatisefitiyts 4 oA ine dplor Bt TEkaiBh ofi el
control | er 121111nﬁgpuqans|ehsqr Mélsbou&d sense a hole af mecnwpnm pavel 181 it 302

to depanel ,:PCbgg'q{'g%ré}e‘} |on ﬁmgt%éddggg'ﬂ(‘f%n%érgﬁere ids) dd 3}214

Depaneling Area to eto I'gures 1,
3 and 5, when irditates tba:batreﬂbr 1I2avtbatmmldmu iHpot imuthe rproper Matmnt‘mél er
121 sends signals .to gperate order to rais
depanel er ar m°PGEEY9POff FRRR& e %agb zfﬂeﬁrbfsg 53‘139"? |an‘53I'§n3L(§§”aI;\r e
t hereby |i fte@easmecgbpumtfmiemzatd alert #e whiatbabfaﬁmﬁieml | er 121 sends

' I d I 23 d I
acoombly 20 116 { APHEYESPHOT AR HPRBELI R ORI O PRG BTPRFIBRCL oo

192 of depmleldmeﬁfyt%mﬂ(ﬁhelmt:ﬁmﬂé;ﬂhelb?kyﬁtbﬁmcmﬂd&p@/gaﬁgbﬁwél(‘-)11!@éease

| 111 b | e dt d
1211 om pancieliad wikys e puREas epteifiorstion, e ghEera s e

resting in raiwih A@O»o@ﬂsuﬁaﬂad dt'1REBagidcdriaird ocalien! AVEER paRededh aflxed
through the follow n " 1oerat on of depanel er system 100 described with

reference to EeHYRES Bils 130 3nd 3] eBPUCRIARNEN S 1 iH Beved, respresive fofignalg dramy
conprised of \&Ba&ouesﬂzefté b@Imrﬁ@dI&nyb&IbWVﬂéBer&éih%c%@én BAvRNBEeN.CHE tepl PC

boar ds 11415r ermt\)/ed from gane 111. Sol enoi ds (not shown), connected to rail
130 oard is sensed, i.e., a hole at the certain location, by optical sensor 214, then
a first routing program is loaded by controller 121. If a type B board is sensed, i.e.,
no hole at the certain location, by optical sensor 214 then a second routing
program is loaded by controlier 121. The routing process is completed by signals
from controller 121 using either the first routing program, if a Type A panelis in
20 place, or the second routing program, if a Type B panel is in place. This aillows for
a great deal of flexibility in operation of depaneler system 100.

Still another application of optical sensor 214 is to screen out “bad” PC
boards. If, during processing at a previous processing station (not shown) a PC
board 114 within a panel is found to be defective, a hole is punched in a known

25 location 306, shown in Figure 3. When panel 111 is fixed between rails 130 and
131, and before the routing operation begins, router head 215 is moved to place
optical sensor 214 immediately below each location 306 on each PC board 114,
if no hole has been punched at location 308, the light of optical sensor 214 is
reflected back to optical sensor 214 to generate, for example, a “good" signal which

30 is communicated to controller 121. If a hole has been punched at location 306,
such as hole 307 in PC board 114 depicted in Figure 3, the light of optical sensor
214 is not reflected to optical sensor 214 and a "bad"’ signal is generated by optical
sensor 214 and sent to controller 121. When the routing operation is performed,

15



~and depanel er table 101, receive signals fromcontroller 121 to cause rail
130 to 30 nove slightly in the Y axis away fromrail 131. Controller 121
sends signals to the solenoids to cause this Y axis novenent of rail 130
after PC boards have been lifted as a group by depanel er arm 105. The
novenent of rail 130 increases the distance between rails 130 and 131 and
causes fran®V@®W18¥ drop through a hole 11 WD 97/ 31515 FPCT/USH7/03087

PCT/ US97/ 03084 {r&lér 1ecéa%uhi<‘:éfés"‘§’£§ﬁ st?tb%g{é} as%@ E g’ 5049y calitd ut%fm the
debris of the epane I Nng process renove process vvlt

addi ng any em@ssembly@01tte Qkﬁmtf@erpum pﬁﬁcmmés§1émtmtqwere ingicekes! toabeial

iohre et o BBl Choa ey 204 Crhd Fack BTbAHIG S 12is hSSRAGEHEM, Fan O
am assenbl y !rﬁﬁwetaodramos tttsereftre) deopphed intd waste/dim 601 Eﬁemﬂ'lerconmtmhrmnh@n nest -

0 d i bed bel ow, h I 90
et woen 3 | E4808 Phrctoto VAR BRRReel bk BE SR Rt pBeate Bafedl ween

rails 130 an@nmmmaﬁusmd&%pmsmn2d4.opaﬁi|ohrane oreBC dolikd11 Phéan

troller 121 t 124a- d 126a-b ' |
191 of Fi gur SIS RGPt 149 R priffanecio oSPRP cbtedammar 218 T

Deposi t of P@d&meédismrautaeg:esu rzasl epudﬁn %&nﬁiﬂgzﬂ can ibenmbasd tolé&wdeSany
described with referenrﬁ ég{ ﬂure : istration nest 140 has base 601
which is remRFalipRonpeRRl AL Fos 'P%PBP?JGQ_L {1480 prrked gtmitartydo lacstipas t nent s
602 are f@y mgeop RdBbaR@BON4cOMPart nent 602 recei ves one PC board 114. Each
conpartnent has |ocator pins 603 which mate with holes 303 in PC boards 114
(shown in Figure BjstoReseiassly updersioed thatthe daimed inyentiortis Aet o hetimited

to the description of the preferred embodiment but encompasses other
modifications and alterations within the scope and spirit of the inventive concept.
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_for each different application of depaneler sys
provided with pins 604 to allow various diffe
regi stration nest 140 to be 20 attaches

00 anM 1300‘*
figur LB lL
t achs h\ f or nt
applications. An exanple of a di ff ﬁ“g ‘ ' for panel 111 is a
panel 111 cont a| ning 4 PC boards r &t C boar ds
boards 114 in™ @fatlon nest 14r| bed with respec?éf’@?% es 1
and 6. DepaneWEmassenbly 119 i s noved al ong guide 25 107, in response
to signals fromcontroller 121 to notor 133 as descri bed above, until PC
boards 114 are posTtlorfé%Paﬂﬁmgﬁm@tJSé‘tm)ﬁpfr%%esﬁmaMﬁ'ﬂbﬂ)é]avmafsends
signals to pn L rrgﬁ‘i’é ng depanel er arm 105 to nove
downward in t%ﬁ%g@d%{%@mﬂ §1I?105 is lowered until individual PC
boards 114 cont actattatéﬂ‘iméé?m'et:ﬁ?lvegﬁlﬁmrﬁrents in registration nest 140.

114 to proci saly naPb(2foRiioR Srilontlisfidhiahd N et fosiif] ©

shown) in regit?t)anisswd teble;, 140 sends a signal to controller 121 indicating

e recel ol of P BaGfan bl RSBt PRI i0n P8 il ockids "
PCT/ US97/ 03087roassa]dbatle!d with fingers 106 to cause fingers 106 to rel ease
PC boards 114. PC ba 4 are now ocat ed i stration nest 140.

Control l er 121 sena@ g%é?]f?'l’% tﬁﬁt[%'rseff%g ?@ct%nfg@qr Yead screw 123 to nove

depanel er assenbl yréb]&rdaaﬁlméahWﬂm)' depaneling area 191 to begin operation
on a second panel . Reqgi stration Arm Assenbly
Oper ati on ‘Eﬂ)er ati oﬁ‘eéf’s ?%rg'PQY‘PSt(Mﬁ? eFR %fs%aé‘ﬁ%lcyg‘i?_fﬁs °§’”E‘€§%’?‘beé‘3mvﬁaﬂq1

respect to predetermined table position to said registration means, wherein said PC boards

are held at a known jocation (192) with respect to said registration means; and
means for controllably delivering (120) each of said PC boards one at a time
from said registration means to a subsequent processing station.

2. The apparatus of claim 1 wherein said means for moving each of said
PC boards concurrently from said predetermined table position to said registration
means, comprises:

a depaneller arm (105) operable to move in at least 2 axes; and

5 means (106) of said depaneller arm for supporting said PC boards as said

PC boards are removed from said panel and for maintaining registration between
said PC boards and said depaneller arm as said depanelier arm moves said PC
boards to said registration means.

3. The apparatus of claim 2, wherein different ones of said PC boards
present different physical features, said depanelier arm further comprising:
configuration means (106) attached to said depaneller arm wherein said
configuration means can be interchanged with a second configuration means in
5 order to accommodate said different features and thus suppont different ones of
said PC boards.

17
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Figure 6. PC boards 114 are now ready to be delivered one at a tine from
regi stration nest 140 to subsequent processing station 610. Registration
arm assenbly 120 conprises frame 115 which spans fromtrack 117 to guide
135. 10 Frame 115 is slidably nounted on track 117 and engages | ead
screw 146, %? d’?%%rsl bed bel ow, which extends within guide 135 along the X
axis. Regi stYt arm support 137 is slidably connected tBCTUSH®¥M8Y5 and

moves in the Y directrinanapparatist bABRimk 1P heréiResf@ aneahd forobommiiRblyl47 and
| ead screw 148. Motor 147 operates in response to signals fromcontroller

121.to turndelivgAng €Al 148. Lead 15 screw 148 engages registrati on arm

support 137,5¢nid peihd484 shé at & Gmedrdm §éi§?@%i§t_ré&?1 mhéanPieadidb@sidqleame 115
by the turning of |ead screw 148. Frame 115 is noved in the X axis by the

oper ati on oProggs¥ing $te4oR RAMPHERS: screw 146. Mdotor 145 operates in response
to signals fromgggqtigtggﬁbﬁ@r&%éo@o turn |l ead screw 146. Lead screw 146 noves
frame 115 to nove al ong gui de 135 and track 117 in the X 20 direction. A
regi stration ar nmeds faperasping (608 oge gk said ikeboasde with said registiatier aBo5, i n
response to ﬁ' gnals fromcontroller 121, noves registration arm 607 to nove
up and down on gui des 606. Cuides 606 are connected to registration arm
support 137 and megnssfor controling (1213 saidiregisttatidn iy tcteansport said BC dwiatdss 606.

Control |l er 1%%{%&“"%%%8@ %géa%%?g%c}&tssﬂg%ﬁoﬂed to nove frame 115 al ong

25 the X a¥ e | on aFmsupport 137 in the Y axis. In
this way, registration fingers 608 may be positioned over one of PC boards

114 in registration St | r.Ql 121,
pneumatic cyli ndg‘r 68@‘% ?P\]Eé?%m% Q“g@gﬁg{\?ﬁ%@r@#ﬁ@@{ é%é{ﬁga@ggibg)taka i on
fi ngers 608 pagsenpdiffetend ical feataresnsaid fediéiratioaratis flrtHer cooadristhg: n
regi strati og ne;‘%%#élo. gg’th%%isétO%gt ' c: fi n%%{cg 60% fll’e cl osfeél by a
sol enoi d (not sh&RAMGUSIGNJOS aég]cg}?g'tg FROISUANCR AR WHEERINISEIG. o s e
regi strati Ogohfigldgtion Me8nsé aiy basiteithahged #ith@ dueond cdafiguriticrimethsircy| i nder
605 respaonds to signals from con rollf:r 121 tg lift I‘eﬁl StJ%&f on ?,rcm 607
t her eby 19 f PI9RY tQ2hEPEMpdals Rajdidriferent featyres and thus SHRROHSSIA Fligrent

boards.

6. The apparatus of claim 4 wherein said registration arm comprises:
means for moving (145) (147) (605) said registration arm in three or more
axes to establish registration with each of said PC boards with respect to said
registration arm and move each of said PC boards one at a time to said
5 subsequent processing station.

7. The apparatus of claim 4 wherein said controlling means for said
registration arm comprises:

selection means (121) for selecting one of said subsequent processing
stations from a group of at least two of said subsequent processing stations

5 wherein each of said subsequent processing stations is at a different location from

the other of said subsequent processing stations; and

said controlling means being operable for directing said registration arm to
transport one said PC board to said selected subsequent processing station.

|



13— -MB-97/ 31515 PCT/ US97/ 03087
Regi stration arm 607 is a rotary actuator operable to rotate a PC board 114
by as nmuch as 180 degrees. It is apparent to those skilled in the art that
regi stration arm 607 can be articulated so that, when grasped by

regi stration ‘%@?gg‘r? 608 and lifted fromregi stratl on nest 140, PC board
114. can be ro 518 urned on an edge so that 5 the plane of POBEOSIFATBT 114

i s orthogonal to t@e plyepRbrat@brTidimti Wherefidid ?&ﬁmg%eﬁ%c&m&%@wpm de
down. Articulation of registration arm607 is acconplrshed rouah use of

one ‘or nore nBOYR e(m'@sfeww11&&%1/3&)(21,9%%%&5;3@6@9rsalﬁcp@nsl *(vhfmsg oangl

Control | er 12} saiRibhed il Baidprédetemtinéd pddfiorpnd 147 in order to position the
grasped PC board 114 in the X and Y axes. This is the state of depaneler 10

system 100 depicted in Figure 6. Through this operation, singl e PC board
114 is placed at sgbseduidpdapaas bpaamemrah @sfatrséuﬁa/msanie
regi strat| on

Controller 121 sends signals to the sol enoid associ ated

fingers 608 to caugeensaidéi4} dtRhed topaid rauer meapsdor ROshgaa gandldndicia
subsequent pr sing station 610. Controller 121 comruni cates signals, as
just described, to cause the 15 renmaining PC boards 114 in registration
nest 140 to be novsak pareghindinig beingtepoesentative d0charactatistiopfesatd paredessi ng

500 may be oa regi etk PERETTENBaRo B, £ Hbndfion YEH ol Byt R "

axes, as is depntotidine operitionofeseiq rauteri rhearssy be sinply a novi ng conveyor
belt or other unregistered | ocation. 20 Wiile registration arm
assenbly 120 is operating to nove individual PC boards one at a time from

regi stration nest 1610 tThesagpaestusof claind aterdiy saidalensdr rhdahs ¢dispriseimi nder
of depanel er syst en}:%groopti%: s%;‘ggre(i? ng anot her panel 111.
said fiber optic sensor provides a first signal in response to a first panel
characteristic (306) and a second signal in response to a second panel
S characteristic (307);
said control means, in response to said first signal, operates said routing
means according to a first routing program: and
said control means, in response to said second signal, operates said routing

means according to a second routing program.

11.  The apparatus of claim 1 wherein said registration means comprises:

a registration nest (140) comprising a site {602) for each of said PC boards
of a panel; and

each said site comprising a locating means (603) operable to register one
5 said PC board with respect to said registration nest.

12. The apparatus of claim 11 wherein said locator means comprises;

at teast one locator pin (603) positioned 1o insert through a hole (303) in
said PC board when said PC board is placed in said site of said registration nest
by said depanelier arm; and

5 said PC board is thereby registered on said registration nest.

19
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Thus, when registration nest 140 has been cleared of PC boards 114 by the
operation of registration arm assenbly 120, depaneler arm assenbly 119
delivers 25 a new set of depanel ed PC boards 114 to registration nest 140.
Board Verification Apparatus Operation Wth respect to Figure 2, a further
enbodi nent of the present invention is described. An optical sensor 214 is
attached t oWQMWHBShead assenbly 215. Optical sensor 214 | BCLASHO3MTen

panel 111 's (i xgy betieaihdab b ddin Wheldld saklabRAdrichfed0 _presence or

absence of openings, ngs es or atures on panel 111. In the
preferred enbodi adined raatl (18thti on on panel 111 can be checked by opti cal

sensor 214 to en | 1 is in the proper orientation. A
| Wbl ot 1L -

| ocation on pane 114 is selected so that, if panel 111 is
in the proper 14said fiXi @il /aBd S4id movable rail being operable to be spaced apart at a

PCT/ US97/ 03 L cul s S a
hole, to bgp?'%g' és g :’:c%@taﬂﬁc{?%?ﬁ?%&ﬁe&i@g ﬁ'gq{j%?f\a%gﬁﬁ ? %‘g@rhgu ?ﬁ%&% o'gess
control | er Hh sodd distanal after depateling 12 Hliowshi@ p8neéido goop betweenpdaid al
sensor 214 to reag "F{-Ee ‘QE{”O riate location on panel 111. If optical sensor
214 shoul d SERGLALANHPAATIOV cation on panel 111 if the 5 board is
properly oriented, but instead does not sense a hole, optical sensor 214

i ndi cates to controll 1 that nel 111 | S in the r

orientation. Thel ﬁpergt“?%PPdcfP %%H?g f"ér#ﬁ@ﬂ”%éﬂa['ﬁgr??gg BRARd and a
war ni ng si gn 40esmpAdiAg tHaystessés ol | er 121 to alert the operator of a

probl em Anot her use of optical sensor 214 is to allow the automatic

processi ng of 10’3WW$Q§F%‘HPaﬂ9‘p§B§atﬁb‘?)éwéP's 111 on depanel er system 100. A
type A of panel %&émbﬁma%éi&%nm inha BreletePmitiea PelioR (191 )& é4d lathgcat i on. A

type B of panel 111 is mark
5 controllably positioning a movable routing means (185) with respect to said
predetermined position of said table to cut each of said PC boards from said panel,
said method characterized by the steps of
moving each of said PC boards concurrenily from said predetermined table
position to a registration means (140});
10 maintaining a known focation (191) of said PC boards with respect to said
registration means; and
controliably delivering each of said PC boards one at a time from said

registration means to a subsequent processing station (609).

15,  The method of ciaim 14 wherein said step of moving each of said PC
boards concurrently from said predetermined table position to said registration
means, comprises the steps of: '

supporting said PC boards with a depaneller arm {105} as said PC boards

5 are removed from said panel; and

maintaining registration (106) between said PC boards and said depaneller

arm as said depaneller arm moves said PC boards to said registration means.

16.  The method of claim 14, wherein said step of controilably delivering
each of said PC boards one at a time from said registration means to said
subsequent processing station comprises the steps of:

20
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wi-th no hol e punched at the sane certain |ocation. Wen panel 111 is fixed
between rails 130 and 131, optical sensor 214 is noved, responsive to

signals fromcontroller 121, to be inmediately below the certain | ocation
on panel 111. If a type 15 A board is sensed, i.e., a hole at the certain
| ocation, by oBtrcaI sensor 214, then a first routing progranrrs | paded by
controller 1200971515 type B board is sensed, i.e., no hole HHYR7R¥PTain

location, by opti calyst@ihgWnedbald e b%a&eqqndrerspyalzaarageeéﬁﬁn afn eorged by
controller 121. The routr ng process is conpleted by signals fromcontroller

121 using & tRB? the first routing program if a Type A panel is in 20

place, or the SeCOéBilmbmH@; Qéragé?warfaﬂcfn #mtoRAaNBpHR8EId PG bbrdeldietat alhi s
all ows for great deal eX| in operation of depanel er system
an

100: Still medp Séﬁrﬂ@é%%ﬁ‘hpfﬁcewméﬁ'oﬁé@%r 214 is to screen out "bad"
PC boards. If, during processing at a previous processing station (not
shown) a PC board 114 within a panel is found to be defective, a hole is
punched in a known125 Thedaethedoligaim &ﬁlmrqlmsﬂﬁgtﬁpeoﬂegmﬁgmeqfsam is

fi xed between ﬁd&d&%ﬂh Elare) réﬁr}\traﬁd?-parﬂ‘?é &gelge routi ng operation begins,

router head 2 S noved to prace optica sensor 214 i mmedi ately bel ow each
| ocation 306 on eamoviRg ss@repistiation| dmmip thiseeakassobmaere (IS¢ jE47)E06btoat i on

P Lo ehe o bafibygPhoflaBE Wif ong Lf shid i b Sihtagied o SRl rEdku 2RR3C"

214 to generateg ni cated to
controller 5L2hrmjénda hol e has been punched at location 306, such as hole

307 in PC board 114 depicted | t.he I| ht ,of tic sensor, 214
is not reflected tga’o#ftm g%r?ggﬁ%zjkg é?ﬂdﬁ ml?a 8 tl"éﬁ"lg Ecaététns@rqéf@b by
optical sensoprotbdsipgdtdtiont to controller 121. \WWen the routing operation

is perforned, 15 WO 97/ 31515
PCT/ US97/ 03087

18. The method of claim 14 further comprising steps of:
sensing a panel indicia (306) representative of a characteristic of said panel;
generating an indication signal representative of a characteristic of said
panel; and
5 controlling the operation of said router means in response to said indication
signal. '

19.  The method of claim 14 wherein said step of positioning said panel
in a predetermined position on said table comprises the steps of:
spacing a fixed rail (131) and a movable rail (130) at a first distance to hold
said panel; and
5 moving said movable rail to a second distance from said fixed rail to cause
said panel to drop between said fixed rail and said movable rail.

ST



controller 121 comruni cates signals to router assenbly 201 to cause router
assenbly 201 to skip the routing of PC boards 114 which were indicated to
be "bad" by optical sensor 214. The "bad" PC board 114 is not separated
frompanel frame 304 and is, therefore, dropped into waste bin 501 after
the conpletion WMO%3&s1S routing process. In this way, depaneler system 100
can adjust its operation based on the information read by optip@}mscﬁmg
214. Location 306 on PC board 114 can be anywhere on PC board 114 or on
frane-304. Since optical sensor 214 ig nmounted on router head 215, opti cal
sensor 214 can be noved to sense any ati n panel 111. Positions on
panel 111 can be marked simlarly t¢ | dGgati Q’ 306 on PC boards 114. It
i Er%"i’nvention is not to be

is to be expressly understood that L
limted to the de i) ‘0/ odi nent but enconpasses

Of ’-?
ot her nodificati and gIthergt t R’ scgpe and spirif of the
I nventive conce 6 VE C ‘/«7 \ \el/i ng [ppar at us (],ﬁO) for
processing a p 11) Quavi /,;:;" AN \ \PC b§£s L%14),7 conprising/ a
table (101) f recenyvi ng sai 1272 0,@_131)/for positi?/ni ng
\ Nef {) §FTsaid table; controllably

said panel in a pred r'm neg 7 _ .
novabl e routi ng neans ',x.\»,‘"); or - Cu spid PC péards from ;/al d
*‘ % regi stration neang’ (140);

panel ; said d&paneling aRpPgr at
o 7\ { /' /
/
/

\
< 'I\\
/

/
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10 means for noving (119) each of said PC boards concurrently from
said predetermned table position to said registration nmeans, wherein said
PC boards are held at a known | ocation (192) with respect to said

regi stration neans; and nmeans for controllably delivering (120) each of
said PC boards one at a tinme fromsaid registration neans tqQ a_subs qyent
processi ng st¥PPHMED. The apparatus of claim 1 wherein sai %%%ﬁymﬁ%r
novi ng each of said PC boards concurrently fromsaid predeterm ned table
position to said registration neans, corgsi ses: a depaneller arm (105)

operable to nove in at |east 2 axes; and 5 & Mmeans (106) of said
depanel l er arm for supporting said PC boards as-0 sai d PC boards
are renoved from said panel and for naint &2ni regi strati on between said
PC boards and said depaneller armas sai ddep "er_arm noves sal d PC
boards to said registration neans. 3. Thg rlaf us of claim 2, wherein
di fferent ones of said PC boards presentgdiff t physical features, said
depanel l er arm further conprising: confiXuratiffonf nreans (106) attached to
sai d depanel | er arm wherein saifd qepfigyr tio npansbfa i nt erchanged
with a second configuration nmeaps ¢n 50 o o alk: tje said different
features and thus support differgnt on r-dl P b WO 97/ 31515
PCT/ US97/ 03087 4. The apparatug ol cl al Kfein s or
controll ably delivering each of EEnqdno qﬁ~ f&m id
regi stration nmeans to said subs tp nigf sOagy oh't T'ses?y
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5

a registration arm (607);

means for grasping (608) one of said PC

"boards with said registration arm and neans for controlling (121) said
registration armto transport said PC boards one at a tinme to said

subsequent processing station.

5.

The apparatus of claim4, wherein

different ones of said PC boards present different physical % #%%587said
regi strati on MMPEPher conprising: configuration neans (60 ??7% ached to
said registration armwherein said conf'gyration means can be i nterchanged
with a second configuration neans in 5 order to accommopdate said different

features and thus support said different PC boards.
claim4 wherein said registration armconpri ses:
(147) (605) said registration armin three or
registration with each of said PC boards with

6. T

s
B5,5%,

arm and nove each of
processi ng station.
means for said regig
sel ecting one of sai
| east two of said sy
subsequent processi

Salr g PC Doards—one at

7o
tr
d

bs

g

equent processing station
cessing stati @R3% wh

a1 030

s at

T TTTTE

a different | oca

he appar at us of
novi ng (145)
establish

aid registration

5 subsequent

said controlling

B3 for

a group of at
each of said

fromthe other of

sai d subsequent prodesqing stations; and said control }j ngjnmeans bei ng
operabl e for directifng ¥ai d registrati? armto transgort jone said PC board
to said sel ected suljsegdent processing tion. 81
L-I---1" 306
) /(ENDl (o]
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" 8. The apparatus of claim1l wherein said routing neans is controll ably
novable in three axes (211) (213) (210) with respect to said panel when
said panel is positioned at said predeterm ned position. 9. The appar at us
of claim8 wherein said routing neans conprises: a sensor ( sovhiegehed to

sai d router WPAHEIHYr sensing a panel indicia (306), said panel indicia
being representative of a characterispig of said panel; and 5

control neans (121) responsive to a signal otn-saj d sensor operable to
control the operationgs

wherein said sensor ng
optic sensor provi
characteristic (30
characteristic (307)( =ai &= X S
operates said routing .!!914" ' 5 gto
control neans, in respo ' second_s
means according to g ‘

s apparatus of claiml
Al eq nest (140)

%“9’ sier one 5 said
, € | appar at us of

e locator pin

PC board with respect to sai
claim11l wherein said |oca

120 115 147
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—_—

I
- said PC board when said PC board is placed in said site of said

regi stration nest by said depaneller arm and 5 said PC board is

t hereby registered on said registration nest. 19 WO 97/ 31515

PCT/ US97/ 03087 13. The apparatus of claim1 wherein said table conprises:
a fixed rail (131), a novable rail (130); and said fixedaTarss78d4¥ sai d
novabl e rail beipng operable to be spaced apart at a 5 first distance to
accept anﬁor?amf‘gai d panel during gepaneling and be spaced apart at a

. second distance after depaneling to allow said panel to drop between said
fixed rai# d sai gguvabl el®di. 14. A nethod for depaneling a pane
(111) haJ ﬁg n array/;':E PC boards (114), conprising the steps of:

positioning a nnia-w;, A pd nmeans (185) with respect to said
predet er m negd, pgsitht HifF oflJale~Lable to cut eaczbof said PC boards from
. y U i Q a
registrati "@ s, (A '
} and £ontrol | ably

-recei ving sai d panel A abl 101); positioning said panel in a
2N
sai d panel; %?%- s of noving each of said
15%4 abl e position to a
said PC boqrd3
delivering €a

. ¥ g. 4 . .
pr edet er m AB& PO ;ﬂghﬁfégil) aid table; 5 control | ably
PC boards £\
‘ocati-q(ﬁ;gl) of
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registration nmeans to a subsequent processing station (609). 15. The
method of claim 14 wheregn saj«d, siep ok meving.each of said PC boards
concurrently fromsaid pgedetermaed {abl e positfoeh to said registration

ans, conpri g&%d&ga @t_ eps of ‘seseppor b hip«5ai dePG.boards with a depanel | er
rm (105) as sdi Moards 5 are removed from said panel ; and mai nt ai ni ng

regi stration (106) Sai nd_sai d. depanel | er. arm as said
depanel | er arm mveﬁﬁ%@ab%ﬁgasgggﬁgi)l @r PESSEG Qﬁ”ﬁtéﬂg?h%'.ng Fhe

met hod of cl aiadyof MOescairds $Bi4d, sb@prigihgecontrol | ably delivering each of

said PC boards one at a tine fromsaid registration neans to said

subsequent processishipble 616 Ddocwepiingsaidimmarstieps of : 20 WO 97/ 31515
PCT/ US97/ 03087 regi ' 0 id PC boards with respect to a

regi stration arm ( éﬁ%ﬁg Q‘@nﬁ%&?n??gﬁ PR5tieRpp) saidipgneb i 2 predatermiacth t o
transport sai q;olg(ﬁohq?_gd%ﬁrg@;@gab@e;ti me to said subsequent processing
station (609). 17. he net hod of claim 16 wherein said step of registering
one of said PC boarcgstrallably sed\hbie ghginganians af 86 forpuitisgssachyfisied £a d
registration armin_three axes or nore (145) (147) (605) to establish

regi stration ROEFFDHRTGAIARAESC boards with respect to said registration 5

arm and transport isag @%ﬁig_@aép%a?&ug%ﬂaﬁc%}%e%tbffi time to said

subsequent processing s
registration means (140);

. 10 means for moving (119) each of said PC boards concurrently from said
predetermined table position to said registration means, wherein said PC boards
are held at a known location (192) with respect to said registration means; and

means for controllably delivering (120) each of said PC boards one at a

time from said registration means to a subsequent processing station.

2. The apparatus of claim 1 wherein said means for moving each of said
PC boards concurrently from said predetermined table position to said
registration means, comprises:
a depaneller arm (105) operable to move in at least 2 axes: and
5 means {106) of said depaneller arm for supporting said PC boards as
. said PC boards are removed from said panel and for maintaining registration
between said PC boards and said depaneller arm as said depaneller arm moves

said PC boards to said registration means.

3. The apparatus of claim 2, wherein different ones of said PC boards
present different physical features, said depaneller arm further comprising:
configuration means (106) attached to said depaneller arm wherein said
configuration means can be interchanged with a second configuration means in
5 order to accommodate said different features and thus support different ones of
said PC boards. |
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18. The nethod of claim 14 further conprising steps of: sensi Kﬂﬂﬁ @gge

I ndicia (306) representative of a characteristic of said panel; generfating
~an indication signal representative of a characteristic of saigepanel; and

5 controlling the operation of said router nmeans in regdme to said

I ndi cation si gn?grﬁg.
posi tioning sai anel

The WRiPRGeOlcreh stofrtdorifzatoy said s
in a predeter feM¥epd§¥€r t i on on said table conprises
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{57) Abstract

(54) Title: HIGH SPEED DEPANELING APPARATUS AND METHOD

o Individual printed circuit boards (114) are routed from a pane} comprised of an array of printed circuit boards. The individual printed
circuit boards are moved as a group, after being routed from the panel (111, to a registration nest (140) for holding the individual printed
circuit boards. The printed circuit boards rest in the registration nest until a subsequent processing station is ready to receive a printed
circuit board. At the appropriate time, each printed circuit board is moved one at a time to a subsequent processing station. A second group
of printed circuit boards is routed from a second panel while the first group of printed circuit boards rests in the registration nest and is
moved one at a time to the subsequent processing station. A scnsor reads features on the pane! or on individual printed circuit boards and
the routing program is modified or stopped in response to certain panel features.




