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(S) Abstract

clinching assembly and the head assembly.

(54) Tifle: ELECTRONIC COMPONENT INSERTION APPARATUS

An insertion machine of the type used to form and insert the lead-wires of an electyonic component into openings of a printed circuit
board. The insertion machine comprising a frame and ahead assembly, The head assembly receives an electronic component and includes
means for forming the lead-wires into a predetenmined shape and means for inserting the lead-wires into the openings of the printed circuit |
| board. A clinching assembly is positioned below the head assembly and includes means for rimming the lead-wires and means for clinching

the lead-wires. A work-support table for holding the printed circuit board is rotatable about a vertical axis and is positioned between the




15 planar work pieces, and particularly, to equipnent for inserting and
securing electronic conponents to printed circuit boards (PC boards)
by.cutting and clinching the |ead wi res of such el ectronic conponents.
Prior art Mass- produced printed circuit bpaffiSermasseon I n
t he electronleg |A§h§&ry 20 are circuit-prepared insul ative substrates
provided with prefornmed openi ngs. Each opening is carefully positioned
and adapted.to receive one lead-wire of a variety of el ectronic
conponents, including resistors, capacitors, transistors, etc. which are
i ntended to be electrically interconnected with the printed circuit forned
on the I nsul ati ve substrate. 25 It has been found that
such el ectrical conponents can be quickly and econom cally inserted
into the appgopriate openings of the PC board through the use of
automati c equi pnent called "inserters"” or insertion machines. A typical
I nsertion machi ne i ncludes three basic nechanical assenblies which are
all connected to a common frane; a head assenbly, a work-support
assenbly, and a clinching assenbly. 30 An insertion machine is programred
to rapidly form (or otherw se prepare) the | ead W res of various
el ectrical conponents as they are supplied from adj acent supply bins,
cartridges, or froma pre-sequenced supply ribbon and position and insert
the | ead ﬁ wires into the proper openings of the PC board. The head

the

assenbly, wor k- suppor t assenbly, and the clinching assenbly of a
typical insertion machine funchi RINPONE ‘ LApparaw
Background of the Invention
Field of the Invention

The present invention relates to machinery for securing wire terminals to

15 planar work pieces, and particularly, to equipment for inserting and securing electronic
components to printed circuit boards (PC boards) by cutting and clinching the lead
wires of such electronic components.

Prior art
Mass-produced printed circuit boards common in the electronics industry

20 are circuit-prepared insulative substrates provided with preformed openings. Each
opening is carefully positioned and adapted to receive one lead-wire of a variety of
electronic components, including resistors, capacitors, transistors, etc. which are
intended to be electrically interconnected with the printed circuit formed on the
insulative substrate. '

25 It has been found that such electrical components can be quickly and
economically inserted into the appropriate openings of the PC board through the use of
automatic equipment called "inserters" or insertion machines. A typical insertion
machine includes three basic mechanical assemblies which are all connected to a
common frame; a head assembly, a work-suppoit assembly, and a clinching assembly.

30 An insertion machine is programmed to rapidly form (or otherwise prepare) the lead
wires of various electrical components as they are supplied from adjacent supply bins,
cartridges, or from a pre-sequenced supply ribbon and position and insert the lead
wires into the proper openings of the PC board. The head assembly, the work-support
assembly, and the clinching assembly of a typical insertion machine function together
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simlar to the operation of a desk-top stapler which secures staples to a
sheet of paper wherei n each "staple" is analogous to a prepared

el ectri cal Bﬂfﬁﬁﬁﬁ? and the sheet of "paper" i.s analoﬁ%ﬁgs 189808 pc
board. A PC board is secured to a work-support table. The wor k- support
table, which is usually selectively pivotal, is positioned between the 5

head assenbl ysimlar foltBe Gpériidh ot Ak espiupler iich RRores SRpIED by a ahdt bhpape
wor k- suppor t tahl e mi)e\g,e W th res ect to each, ot her durin p ratlon of
the inserter Wﬁ%"ﬁ‘i“r?éc‘{ is 3pajpgqus (O 3 prepared CQMROREnt| "V\ﬁ%

each el ectri cgjf er%uéﬂi@mhﬁaﬂoﬂ%bomwie@nﬁ&%ﬂﬁﬂﬂkﬁﬁ%mm the
PC board. The head asse includes a "Il ead-former sub-‘assenbl y

which is usedmowexktsnawrt lev wehicly is apually selectivelypiveiale it positionedibetwesn the 10

\rN:hgon, foarrangenenPW?g a pregea?%&%egﬁs&%g:#%%hber s‘ﬁlg—(g‘z@gﬁ{)f&;d

cal l ed a "dr.itable'move with respechta each lother Husing epdration lof thet inserfer amicliss tonb| v,

pushes prepare r.med) .el ec nent fromthe | ead- f or mer
sub- assenbly ¥ 'HP%[Y r%“’dﬁ's&ﬁelﬁ‘?ff%"ﬂ“&ﬁé’&%?gpeﬁi E@E“’Bﬁ'ard 15
Prior art in e&&p&hﬂ@ﬁoﬂtﬁpm’c&ﬁd@ﬂ urhéhaammmaﬁmdémuaid fopdaeRt Or S
or notor-driven |ea scre assenbl i es ’f!ﬁ’BOVI de the downward |inear notion
required S“P#?FB&’ dﬂ‘%r §E'ba“a’§8 pl electrical component frpm 2 WPy ned

el ectri caljoC OBBIAE Fdr e&mple and Géiﬂctﬁe mwwmmnwm@wwm s

secured to the wof k- suppor | e. Anmong probl ens associated with

pneumat i c- t y pRiTangementhinto @prqﬂpteanmed shapasé% pusbw subassembly called a "driver”,
which is also located within the head assembly, pushes prepared (formed) electrical

components from the lead-former sub-assembly through the properly aligned openings
_ of the PC board.

15 Prior art insertion machines typically utilize pnenmatic linear actuators
or motor-driven lead screw assemblies to provide the downward linear motion required
to move the driver snb-assembly into contact with a formed electrical component and
force it towards the PC board which is secured to the work-support table. Among the
problems associated with pneumatic-type actuators of prior art insertion machines

20 include noise, speed limitations and a need for auxiliary means to accommodate
varying component body and lead wire diameters. The problems associated with using
lead-screw type actuators of prior art insertion machines include the expense of
manufacturing and implementing the lead screw components and the difficulty of
interfacing the lead screw with certain indexing features. :

25 After each of a pair of lead wires of a particular electrical component is
inserted into its respective openings on the PC board, the clinching assembly cuts
excess lead wire material and clinches the remaining lead wire portions of the
particular electrical component to the PC board to ensure that accurate, reliable and
"clean" electrical connections are established.

30 When all of the desired electrical components are clinched to the PC
board in their proper openings, the PC board is removed from the work-support table
and moved to undergo subsequent manufacturing processes, including a reflux process
during which molten solder is applied to the underside of the PC board to permanently



20 include noise, speed limtations and a need for auxiliary neans to
acconmodat e varyi ng conponent body and |lead wire dianmeters. The
probl ens associated with using | ead- screw type actuators of prior art

i nsertion rrachmng%gl ude the expense of manuf act uri ng RARMsIT0808
I mpl enenting th ead screw conponents and the difficulty of

intferfacing the lead screw with certain ind8xing features. 25 _
After each of a pair of lead wires of a particular electrical conponent is

inserted into iand clestricaly bond Wp clinghed portionnef each lned wire ofirack eleptaimling
assenbly cuts | SR gp,{“ﬁrl al and clinches the remaining
lead W re portion o%ﬁﬁgle %‘ﬁ cul'ar electrical conmponent to the PC
board to ensure that accThathead assinblics of component inwuimanach'meeofthedwe
connecti ons are est bI I shed. .30 . . I sired

el ectrical co Eﬂﬁbﬁméﬁd?‘bdefﬁ%“ﬂ&‘m“wﬁ‘gé’?%“ﬁ‘ gs?g%roper
openijngs tgs P&s&tﬂﬁﬂb dfor%xixﬂplvvﬁ]fhfS[ GIDSDJZGSV\Ur%ﬁmLBmtm?agSM ,719, 81{]?.|nd
noved. t 0 under go, subsequent. nanuf act ur.i roce ncl udi a, reflux
process %’“’ﬁ"gpﬁfg&ﬁ‘ seigte; IOFEIER “ggR%’HBF‘ ﬁgg?‘g‘?de of the

PC board to permanent|y pxamples of work(3uppdre 88 of com nent insertion machmes of the
PCT/ US97/ 00808 po and

el ectrical |y bdiype generallyidescribad pbaveiapd yndsar censideration dn ghe present @a@won are
el ectrical described in U.S. 4,670,977, U.S. 4,193,186, and U.S. 4,574,660. Examples of

10 clinching devices of component insertion machine of the type generally described
above and under consideration in the present invention are described in U.S.
4,584,758, U.S. 4,292,721,

Al patents identified herein are hereby incorporated by reference.

It is an object of the present invention to provide an electronic

15 component inserter machine which overcomes the deficiencies of the prior art.

It is another object of the invention to provide a head assembly for use
with an electronic component inserter machine which overcomes the deficiencies of
prior art head assemblies.

It is another object of the invention to provide a work-support table for

20 wuse with an electronic component inserter machine which overcomes the deficiencies of
prior art work-support tables.

1t is another object of the invention to provide a clinching assembly for
use with an electronic component inserter machine which overcomes the deficiencies of
prior art clinching devices.

25 It is yet another object of the invention to provide a head assembly
having a simple linear drive mechanism which provides smooth reciprocating linear
motion to a driver sub-assembly.

It is yet another object of the invention to provide such a linear drive
30 mechanism which concurrently drives a component supply ribbon feed mechanism.
It is yet a further object of the invention to provide a pivotal work-
support iable which includes a fast, simplified, and accurate indexing system.
It is yet a further object of the invention to provide a clinching device



conponent to the actual printed circuit. The head
assenbl i es of conponent insertion nmachines of the type general ly
descri bed above and under consideration in the present invention are 5
described, for exanple, in U S. 3,550,238, U S. 4,553,323 and U.S.

4,719, 810. WO9ITBM¥se patents di sclose inserters that are PREURYPR08) |
and/or servo act uat ed. . 4Exanples of work-support tables
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above and under consideration in the present invention are described in
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I s anot he t bBard’ © km! Sbel
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about a vertical axis and is positioned between the clinching assembly and the head

assembly.

15
Brief Description of the Drawings
Fig. 1A is a front elevation view showing a insertion machine, in
accordance with the invention;
Fig. 1B is a side elevation view of the insertion machine of Fig. 1A, in
20 accordance with the invention;
Fig. 1C is a perspective view of the insertion machine, in accordance
with the invention;
Fig. 2 is an isometric assembly view of a head assembly of the insertion
machine, in accordance with the invention;
25 Fig. 3 is a side view of the head assembly of Fig. 2, in accordance with
the invention; |
Fig. 4 is a partial sectional view of a clinching assembly of the insertion
machine showing details of a lead-wire cutting assembly and a continuity lead-wire
sensing system, in accordance with the invention;
30 Fig. 5A is a plan view of a fixed knife plate of the clinching assembly,
in accordance with the invention;
Fig. 5B is a side view of the fixed knife plate of Fig. 5A;
Fig. 6A is a plan view of a knife blade of the clinching assembly, in



notion to a driver sub-assenbly. It is yet another
obj ect of the invention to provide such a linear drive 30 mechani sm which
concurrently drives a conponent supply ribbon feed mechani sm

It is yet af bject of the invention to provide a pi atraisowoosks
support tabl ew\/(\i1p'ﬁ%83|9ncl udes a fast, sinplified, and accurate indexing
system It is yet a furtSsher .object of the invention to
provide a clinching device WO 97/ 25838 :
PCT/ US97/ 00808accordance with the invention; 4 whi ch

automatical ly determ nesg; r.€, L of fgmd,-ﬁm Qf Fiy 64 Shtacédiddnce with
conponent | ocat ed V\Ai[l f@ gr? %%‘Fﬂé’ uring a gut t%g 6perat I on.

CS}I_um’nslrydof t hetheiwentio;mn 5 The present invention is
'rected to an insertl Ori’igafé]ksnaeb&{on} vhigwtaf%e knife blade of Fig. 6B, in accordance
5 with the invention;
Fig. 6D is a section side view of the tip of the knife blade of Fig. 6B, in
accordance with the invention;
Fig. 6B is section view of a shaft portion of the knife blade, taken along
the lines 6E-6E of Fig. 6A;
10 Fig. 7A is a plan view of an upper support plate of the clinching
assembly, in accordance with the invention;
Fig. 7B is a top view of the upper support plate, in accordance with the
invention;
Fig. 7C is a side view of the upper support plate, in accordance with the
15 invention; '
Fig. 8 is a plan view of the underside surface of a rotatable table
assembly of the insertion machine, in accordance with the invention;
Fig. 9 is a partial plan view of a locking assembly of the rotatable table
assembly, in accordance with the invention; and
20 Fig. 10 is a partial sectional view of the locking assembly of the
rotatable table assembly, taken along the lines 10-10 of Fig. 8.
Fig. 11 is a partial sectional view of a clinching assembly of the
insertion machine showing details of an alternative lead-wire cutting assembly and a
continuity lead-wire sensing system.
25 Fig. 12 is a partial sectional, partial exploded view of the clinching
assembly of Fig. 11.

Detailed Description of

A. Inserter Machine
Referring to Fig. 1, an electrical component insertion machine 10, in
30 accordance with the invention, is shown including a frame 12, a head assembly 14, a
work-support table 16, a clinching assembly 18, and a computer terminal 20.
Head assembly 14 is preferably rigidly attached to frame 12 and is
positioned directly above work-support table 16, defining a reference point of



used to formand insert the | ead-wires of an electronic conponent into

openi ngs of a printed circuit board. The insertion machine includes a
frame and a head assenbly. The head assenbly receives an el ectronic
conponent and i ncl udes neans for form ng the lead-wires into a

predet er ni ne¥OSHEWB and neans for inserting the |ead-wiresPCRUST{H808; he
openings of the printed circuit board. A glinching assenbly is positioned
bel ow t he head assenbly and includes neans for trinmming the | ead-wres

and means f orinsettiong Ridg vertical axibeof! insestion (Zexis)A The rsfefenpepoint ofiRsesticmis
hol ding the printed, circuit board.is rotatable aboyt a ve axi s

rtical
and is posit i%@ﬂ“b’éﬁﬂé%l’? : cqni‘ﬂm"ﬁﬁ cggly@my"faﬁa s »f insertion (Z .
assenbly. 15 axis), defihésthe P& OF laPakttiiia? cleciRal EdhPoRERt during the operation of Fig.
1Ais a front elevation view show ng a insertion machine, in
accor dance wiitsertione Headassembly 14 is preferably adapted to recejvg a presformed ribbem or
el evation i : bﬁﬁﬁ ' ' £ | Methafl r i th
the i nvent'?/o‘r%ﬁ;%e%milfigea 6]“ %&BE% C‘}lgbgln erst[s)'e&ll ve %g’wﬂof the
i nserti on machinpenentsfrom adjacknt sepply bins oF cartridges imay da prayided to the head

i ne, i n 28EBPRAn BB RORK 14 el biepd aft 50 737 il apted Vo pgBREY "
si de view of shfply epadf elesrodit vomponenty, indparticalaa adsldeaicypeeledtronic  t he
i nvention; _ FLg. 4 |s a,partial sectional view of a
clinching asS8mMBPRENEsH: sqql}easiqxgsémsps&gs and “ﬁm@%ow ng details of a
| ead-wi rejgut ting assemik yupphape HKQfiddetp dfa sefidslof eledtronic mnik%_ﬂ&it@& gystem
i n accordance with the invéntion; 30 Fig. SAis a plan view
of a fixed kinseredira pregetesmined: prdas hThe; copapanents gre sequentially spaced apart with
the axial leads parallel to the lead of adjacent components. The end portion of each
axial lead wire is secured to a length of folded adhesive tape. The lead wires are
evenly spaced apart from adjacent electronic components to define a supply tape pitch.
15 Head assembly 14 receives the supply tape and removes (through
cutting) each electronic component individually and sequentially from the supply tape.
Once a component is removed, head assembly 14 bends each of its lead wires
downward so they become parallel to each other and drives the lead wire ends into
openings located on a mounted PC board. An index wheel arrangement, described
20 below, engages the supply tape and advances the electronic components into head
assembly 14 as necessary.
Work-support table 16 (described in greater detail below) is attached to
frame 12 and includes an upper surface 22. Upper surface 22 is preferably
perpendicular to the Z axis, and includes large opening 24 across which a PC board
25 (or several PC boards) may be secured. Work-support table 16 includes an
independently actuated X- axis displacement drive system 26 and an independently
actuated Y-axis displacement drive system 28, as is well known in the art (see, for
example, U.S. 4,670,977, hereby incorporated by reference). EBach coordinate
displacement drive system 26, 28 provides fast accurate positioning of the work-
30 support table 16 along its respective X or Y axis and with respect to the point of
insertion. Coordinate displacement drive system 26, 28 is controlled by computer
controller 20 in a manner similar to conventional motor drive positioning systems
commonly used in milling machines and metal lathes for controlling the position of a



I n accordance with the invention; Fig. 5B is a side

view of the fixed knife plate of Fig. 5GA Fig. 6Ais a
pl an view of a knife blade of the clinching assenbly, in WO
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accéordance with the invention; 7 Fig. 6B is a side view of
the knife blade of Fig. 6A, in accordance with the inventi on; .
Fig. 6Cis a bmbmpé\ﬁﬂlﬂ# withgespetite aigutefe of Fig. 6B, in accordance 5
with the invention; fdchine 10, #R2CE hﬁ@dﬁb@' s¥einf 96 Of
the tip of the kni fe bl a e OIE onéwémﬁhﬂm accor dance wth ﬁy

i nventi on; and the Y-axis dnve sysTeng28 8 sclectienly amted,@wnocﬁesarsswthe pomputen of

e e, O o HSE TRl il i 5 o S st povs e

assenbly, ir5 apoint Gfingertivn withtrbspect ity et cirvnit board (and work-supporttable 16) so that
appropriate electronic components may be inserted in their proper openings of the PC
board.

In addition to being movable along the X-axis and the Y-axis in the
horizontal plane, the work-support table 16 is further preferably pivotal about a central

10 point within the horizontal plane, as described in greater detail below.

Clinching assembly 18, in accordance with the invention is attached to
frame 12 along the Z-axis and beneath work-support table 16 (and any secured PC
board). Although clinching assembly 18 may be raised and lowered, as necessary

* during the insertion procedure, as is well known in the art, it is always positioned at
15 the point of insertion, as described in greater detail below in the Clinching Assembly
section below. The purpose of the clinching assembly, in accordance with this
invention is to sense the presence of a lead through an opening of interest, cut excess
lead material and clinch the remaining lead against the PC board.

20 B.  Insertion Head Assembly
Referring to Figs. 2 and 3, insertion head assembly 14, in accordance
with the invention is shown including a housing 30 (shown in phantom lines). Housing
30 supports and protects the elements comprising head assembly 14. Primary lever 32
includes pivot end 34 and operative end 36. Pivot end 34 is pivotally attached to
25 housing 30 along pivot axis 38 using pin 40 (or appropriate bolt or fastener). Primary
lever 32 preferably includes two symmetrical, parallel, spaced lever arms 42, defining
a space 44 located therebetween.
A reciprocating push rod 46 is attached to lever 32 at operative end 36.
Push rod 46 is pivotally connected to both lever arms 42 within space 44 using an
30 appropriate bolt of pin 48. A commnecting rod 50 includes upper end 52 and lower end
54. Upper end 52 is aftached to primary lever 32 at a point located between operative
end 36 and pivot end 34. Connecting rod 50 is preferably attached to both léver arms
42, between space 44, using an appropriate pin or bolt 56.



Fig. 7B is a top view of the upper support plate, in accordance with the

I nventi on; Fig. 7Cis a side view of the upper support
plate, in accordance with the 15 invention; Fig. 8is a
pl an view of _t he underS| de surface of a rotatable table assenbl y of
the inserti oW WHEMRe, in accordance with the invention;, PCT/US97/00808

Fig. 9 is a partial plan view of a | ocking assenbly of the rotatable table
assenbly, in accordance with the invention; and 20 Fig. 10

is a partial sectional Npmmfm@mwwwabﬁ&smg 30 dsfgat abl e
t abl e assenbl ta.ken al ong the |[jnes 10-10 of Fi
Fig. 11 is a 8\‘#&!’ 6% PHmary dnivershaft lmﬁqmlx/mmaede

[ ti t it

assentl y”ﬁ%ﬁm‘“ YATINRIGY (12 R 1L 81,7 Sk B0 o4l Gperitnely

Fig. 12 is a cpamctedltowmamdaw shafir0; ol a driye eulofib. vPﬁmaxyfdrlvbehﬂ’t sdichi ng
assenmbly of R’EH' crank assé%;@usheﬂcﬁsmcr | 8%& of the @rred ;;H;o% | ments

A. I nserter

el ectrical cdmmemsanseommmmmnepman noﬂ@cﬁcweﬁmsﬂewth t he

i nvention, is shown ingl udi ae 12, a head assenbly 14, a

wor k- support tabl e 16, W’B‘ﬂ’ ﬁi& l‘?dfe rawwﬁmetorﬁémwm 20.

Head assenbl drive gfagrm,]ﬂcnwmgg bg“%' ?ndl%
|n|ng are erence poi nt

posi ti oned dlmgct o¥ above wor k- support tabl e 16,
of connecting rod 50 swings around primary drive shaft 60, causing upper end

10 52 of connecting rod 50 to reciprocate up and down. The reciprocation of the
connecting rod 50 is translated to primary lever 32 as angular displacement about pivot
axis 38. The magnitude of the angular displacement is dependent on the length of
connecting rod 50, the distance between primary drive shaft 60 and crank axle 72, and
the distance between pivot axis 38 and pin 52 along primary lever 32.

15 The angular displacement of primary lever 32 translates to generally
vertically-disposed reciprocation of push rod 46 at operative end 36, generally along
the Z-axis. As motor 64 rotates, push rod 46 vertically reciprocates, as indicated by
arrow 74 of Fig. 2. The magnitude of the throw of each reciprocation cycle of push
rod 46 depends on the distance between pin 48 and pin 56, the length of connecting

20 rod 50, the distance between primary drive shaft 60 and crank axle 72, and the
distance between pivot axis 38 and pin 52 along primary lever 32. _

The vertical reciprocation of push rod 74 is applied to operating an
insertion tooling assembly 76. The particular details of insertion tooling assembly 76
have been omitted from this detailed description of the invention because the specific

25 structure and operation of tooling assembly 76 is not considered necessary to
understand the present invention. Insertion tooling assembly 76 may be conventional,
as is well known in the ast, such as the mechanism disclosed in U.S. 3,550,238
(hereby incorporated by reference).

Index drive shaft 80 is rotatably supported by housing 30 using

30 appropriate bearings (not shown). Index drive shaft 80, which is preferably positioned
paraliel to and below primary drive shaft 60, includes a drive end 82 and a remote end
84.

The head assembly 14 further includes two index wheels 86, each of
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i nsertion, and a vertical axis of insertion (Z-axis). The reference point

of insertion iywggeynsgsd N€ €xact insertion point of an el ectropbfuePpagent -
The vertical axis OPI nsertion (Z axis), defines the patg [g$ a

particular electrical conponent during the %peration of I nsertion. _
Head assenbly 14 is preferably adapted to receive a pre-formed ribbon or 5

tape hol di ng avpichiindudedeeth 8§ Jacated m@%&m@g&m&aﬁm& 'mqmﬁqhatflthfﬁly,
I ndi vi dual Ep(;ma? Jpljergfcaﬁﬂ étﬂ&'e y be
provided to th}aeel mdéag@g@“%eﬁ?% @g?&r%ﬁyi 1 escrllftl) oglﬂﬁovm S
of the type adalmplsdtap@sqmteﬂnéeadisofadjammqummnqbnmtemgamwnhpmppnntents,
in particular, _axial-lgad t t | 0 ne é}, nos

resi stors and ?&ﬁ*‘%@%ﬁ&%{%‘%‘)‘%% ‘As is knows i the t y

made up of & S%wlswﬁdﬂhﬁ:thé PSR dideAioh Aodlin assenib e.ted in a
predetgrm ned order. PE'Fg ts £ sequenti al spaced apart W th

the axial |eads parallel l@ﬁ'oé%\“%ﬁﬂ'ﬁ‘i B%ﬂ‘) vershaft Qs at an

portion of eacfner end?99. 2rhd GiREncd 1b&itddbetwéen ifidkx! Wh smmj tg ded

adhesi ve tape. The lead wres are evenly spaced apart Prom adj acent

el ectronic cowmm%@mmtﬁ@e@emmmem¢ &ach s_sondary m;lex drive shaft
?ﬁ??l ﬁ;?egta!:% e ect ronic WI Wﬁ%ﬁ&ﬁ@%ﬁ g’nﬁ‘% %V%ﬁha%sf’he
suppl y tapel0 The ingex drive shafiifiris coupled tocearhy satondaey thdes driveihaft 100 Bieads each
of its [ead w {oothed belt 93 and respective toothed pulleys 94 so that rotational displacement of

index drive shaft 80 causes direct and effectively simultaneous rotation of each

secondary index drive shaft 90. The end result is that rotation of index drive shaft 80

indirectly controls the linear displacement of the supply tape entering head assembly

15 14.

Attached to drive end 82 of index drive shaft 80 is an output side of a
directional clutch mechanism 91 (shown in Fig. 3) which is a well known matcheting
device used to limit input rotation to a particular direction (clockwise or counter-
clockwise). Such a clutch mechanism is a commercially available item called a needle

20 bearing/clutch manufactured for example, by the Torrington Company of Torrington
CT, part no. RCB-101416. Attached to an input side of directional clutch 91 is index
drive lever 96 which includes an actvation end 98 and a spring bias end 100. A
contact roller 102 is pivotally attached to index drive lever 96 at actuation end 98,
Directional clutch 91 is adapted to drive index drive shaft 80 clockwise only when

25 index drive lever 96 is angularly displaced in a clockwise direction. Counter-
clockwise angular displacement of index drive lever 96 will not transmit through
directional clutch 91 and therefore will not rotate index drive shaft 80.

Index cam wheel 104 includes selectively fixed shaft 106 and is rotatably
mounted to housing 30 through a bearing (not shown). Rigidly attached to shaft 106 is

30 a toothed pulley (a timing-type pulley) 108 so that rotation of toothed pulley 108
causes direct and immediate rotation of index cam wheel 104. Index cam wheel 104 is
coupled to primary drive shaft 60 through toothed pulley belt 110 connected to pulley
108 and a similar pulley 112 attached to primary drive shaft 60.



downward so they becone parallel to each other and drives the lead wre
ends into openi ngs | ocated on a nounted PC board. An index wheel
arrangenent, described 20 bel ow, engages the supply tape and advances the
el ectroni c cQonpaonents i nto head assenbly 14 as necessary.

Wor k- suppor t YOBPE86 (described in greater detail bel ow) ﬂ§%ﬁﬁ?ﬂwﬁﬁh to
frame 12 and includes an upper surface 22%q Upper surface 22 is preferably
perpendi cular to the Z axis, and includes |arge opening 24 across which a

PC board 25 (or sever hideX’carhdieciS)04Edludts caRaube(br pYjédtioR) PRP4dd abl e 16

i ncl udes an ... 1 ndependent | ctuated X- axis displacenent drive system
26 and an ind’@ﬁ‘é‘ﬂ'&?@rﬂd&f""tm“‘dgﬁ%‘? ex/96 59 thatcontact rolier 402 mlls\alongy st em 28,

as is wel | kipeyfherdl cdbe 176 6f inB&Ecant Vheel 104. PR FRhdive pdsition bf C4f): 19’1140 " SDY

i nconporated hy reference). Each coordinate di spl acenent drive system

26, 28 provi Tespeet 408 igpreferablin auigkly and pasily.odpestable in preseribed t abl e 16
P20, | b  CSRBSHNF R o B il LSl Y b o,
conmput er areao rinsegliorctoolieg asseroblyifcan be appropriatdly symwhronivedonal notor drive
poc! 1o 00, SISt e Bty T R 3 el 6 ol "
PCT/ US97/ 008Gignals from computer 20 to rotate a predetermined angular displacement counter-
clockwise from top-dead-center (TDC: a point in the operating cycle where primary
10 lever 32 is at its greatest distance from primary drive shaft 60) to a first point of end
cycle (PEC). Once shaft 60 reaches the first PEC, as measured using conventional
optical encoding technology, for example (located on shaft 60) and clinching has
occurred, computer controller 20 commands servo motor 64 to reverse direction,
clockwise past TDC to another predetermined point of angular displacement, a second
15 point of end cycle. It is preferred that when primary drive shaft 60 is positioned at
TDC, cam lobe 114 is located at its top dead center TDC so that contact roller 102 is
located at the highest point (the point furthest from the center of cam wheel 104) of
cam lobe 114 and that index drive lever 96 has pivoted a maximum magnitude.
Each time servo motor 64 rotates primary drive shaft 60 past TDC, cam
20 lobe 114 forces contact roller 102 to pivot index drive lever 96 and rotate index drive
shaft 30 a consistent and predetermined increment of rotational displacement. The
rotational displacement of index drive shaft 80 is transmitted to each secondary drive
shaft 90 by toothed belt 92 and causes index wheels 86 to rotate a predetermined
degree of angular displacement, depending on the pitch of the supply tape. This
25 prescribed displacement of index wheels 86 forces a single electronic component into
the insertion tooling assembly 76, as described above.
When primary drive shaft 60 reaches cither the first or second PEC,
cam lobe 114 of index cam wheel 104 is located at end cycle points and index drive
lever 96 is not pivoted. This prevents index wheels 86 from rotating and the supply
30 tape therefore remains stationary. As primary drive shaft 60 rotates from TDC to
either the first PEC or the second PEC, push rod 46 moves from an uppermost
position to a lowermost position. As push rod 46 moves downwardly from the
uppermost position to the lowermost position, an electronic component, which had



7 wor k- support table with respect to a cutter.

During operation of insertion nmachine 10, the X-axis drive system 26

and. the Y-axis drive system 28 are selectively actuated, as necessary, by
t he conput er W0.97 roller follow ng a prescribed order of isbin

data which effectively noves the 5 point of insertion with respect to the
circuit board (and work-support table 16) st that ~appropriate

el ectroni c conponents may be inserted in their proper openings of the PC
boar d. been inserted intq insestion topbng assemlly 7§ ﬁw&meelaw%o{ REMATY VS and

the Y-axis in t . | , HQBK Hﬂﬁil i
further preferasg y6gﬁ V&ngrbébqg%?&@wce ’rfg 10 poPﬁF wtﬁllt?]’%lgoﬁiﬁlg?’l ?lgnt al
pl ane, as descrdriven downgamily slongithe Z-axibintwopenings of the PC board located@t thecpointg
assenbly 18, in_accotdance with the invention is attached to frame 12
al ong the z- axi¥ B¥HBeneat h wor k- support table 16 (and any secured PC
board). Althguah cl igliihiig Axsenflp! Y 18 may be raised and | owered, as
necessary during the_lnsertion procedure, as is, well known ‘{,&gt qeqldart,

it is always positioned Sdinghing assembly;18; introdyced appye is shopn i Kigs.
greater detail Delha%hdnitek Aefght-fjitdbie tias 196 which is seoﬁﬁta}ﬁ,gﬁnﬁeizownmﬁhe

pur pose of the ¢l'inching assemfg, I n accordance Wt I nvention
®

I's to sense t heuppastsamecacttoss 13% ene forsach leadh of thereloctroic cpmpancatt Badhy
croess | MR el b e Uy TSFUALM iRk iy S
Figs. 2 andl@, degmes froonthhplatie of therRCT board (i.¢., hosizovtal)a as shown in Figt4 Bach
invention i's Shonfr152 Sthiiids 3 phestSiseubty) 156, W88 Luleilg AABHbR 138, "Bitbn HOUS NG
assembly 136 operates using varying air pressure on one side of piston 136 to move an
actuator rod 140 between a lead-receiving position and a lead-cutting position (Fig. 4
shows piston 136 and actuator rod 140 in a lead-receiving position). Actuator 132 may

15 be of a conventional design and may operate pneumatically, hydraulically, electro-
magnetically, or purely mechanically, as is known in the art.

In accordance with the invention, cutting assembly 138 (only one of the
two identical cutting assemblies used) includes fixed knife plate 142, slidable cutting
blade 144, an upper support plate 146 and bias-spring 148. Referring to Fig. 4, fixed

20 knife plate 142 is positioned along cutting axis 134 (of either actuator 132) and is
attached to actuator 132, using shoulder-bolts 150.

Referring to Figs. 4 and 5, fixed knife plate 142 includes conductive
metal base layer 152 and a thin insulation (non-conductive) layer 154, preferably made
from zirconia. The preferred grade of zirconia is Z201N, available from TDK

25 Corporation or Kyocera Corporation, both of Japan. However, (any hard, insulative
material could be used including many types of ceramic based materials. Base layer
152 includes a cutting slot 156 which receives a lead to be cut and clinched. Fixed
knife plate 142 remains stationary with respect to frame 12 during the entire cutting
and clinching procedure.

30 Referring to Figs. 4 and 6, slidable knife blade 144 is slidably mounted
to fixed knife plate 142 (adjacent to insulation layer 154) and is directly attached to
actuator rod 140. Knife blade 144 is movable along cutting axis 134 from the lead-
receiving position to the lead-cutting position, wherein the lead wire is first cut, then



30 supports and protects the el enents conprising head assenbly 14. Primary
| ever 32 I ncl udes pivot end 34 and operative end 36. Pivét ‘'end 34 is
pivotally attached to 25 housing 30 along pivot axis 38 using pin 40 (or
appropriate bolt or fastener). Primary | ever 32 preferabbﬁ I ncl udes
two symetri M¥P9735838a| | el , spaced lever arns 42, defining PCT/USHpMBe 44
| ocat ed therebetween. - reciprocating push rod 46 is
attached to | ever 32 at operative end 36. Push rod 46 is pivotally

connected to phidhed, Usesctibed béiéw\ $iidable XA Bladé 144 irdfided'a SMall BHEY Witk at €
bolt of pin 48. A connect i ng rod 50 includes upger end 52 and | ower end

54. Upper endvhich;is sized and shapedsto slide #i Melé 3&m@dmshmthp@mresapm ween
operative fhﬁ% tﬁﬁquﬂe\iﬂdqugnfhﬁr ﬂ%’e‘n o el ?ﬂzl‘é&li‘éel%@ 5iftbh Y

attached to b ever arns usi ng an propr| ate
pin or bolt 5@nd the lead-cutting pogitiod.7 Kiifs Idade 144 includes knife tip 145 whlchprefembly
PCT/ US97/ 0

A primary. dr | St of oagsten, capide gnd s brazed onto kifo plade 144 Afeatiyely, pite
appropri ate sypi4s maycrs ofthé sdhae mitetialtus\the! bodycofInire bkl 143 Prefkadlyp oy

arranged perpend| cular to and below the primary |ever 32 A servo
notor 64 is of&®htively

Referring to Figs. 4 and 7, upper support plate 146 is secured on top of
knife blade 144 to provide support to knife blade 144 during cutting and clinching.

10 Upper support plate 146 includes two openings 160 for receiving shoulder bolts 150.
Upper support plate 146 remains stationary with respect to the fixed knife plate 142
during the cutting and clinching procedure.

Bias-spring 148 is a plate-type spring and is secured to a portion of
actuator 132. An open end of spring 148 pushes downwardly against an upper portion

15 of support plate 146 thereby pushing support plate 146 against knife blade 144. Knife
blade 144 is slidably guided between fixed knife plate 142 and upper support plate
146.

In operation of clinching assembly 18, base 130 is automatically lowered
during or before movement of the PC board and raised during or after insertion using

20 a pneumatic cylinder (or other actuator) to receive the lead wires of an electronic
component being inserted into the PC board. Insertion tooling assembly 76 includes
electronic compbnent insertion arms 77 which contact and drive the leads of a
component into openings of a PC board, a signal is sent to valve a predetermined
amount of pressurized air through conduit (not shown) to actuators 132. The applied

25 air moves respective pistons 136 along cutting axis 134 forcing knife blade 144 to
move from the lead-receiving position, shown in Fig. 4 to the lead cutting position (not
shown). As knife blade 144 slides along cutting axis 134, its forward cutting edge
eventually contacts a lead which is located within slot 156. The lead is first pushed
along the cutting axis 134 until it abuts against a forward edge 158 of slot 156, at

30 which point the metallic lead makes electrical contact with a conductive portion of siot
156, in particular base 154. As knife blade 144 continues to slide along axis 134 the
metallic lead is cut by the pinching action of the cutting edge on blade 144 and the
forward edge 158 of slot 156. After the lead is cut, the scrap falls away, preferably



connected to primary drive shaft 60, at a drive end 66. Primary drive shaft
60 5 includes a crank assenbly 68, including two offset crank arnms 70 and

a crank axle 72. Lower end 54 of connecting rod 50 is pivotally
connected to Qa4 le 72. I'n operation gdydddS00s0s
I nsertion heayag@es%w, rotation of notor 64 rotates primary drive

shaft 60 which swings crank arnms 70. O fsett3crank axle 72 and | ower
end 54 of connecting rod 50 swings around prinmary drive shaft 60, causing

upper end 10 Bito scraptabad6l and)isrremonal ungder vasopm drom elinghing agseabiy 18.The

reci procation of the infeotgﬂrﬁ ' iti'ﬂﬂs ' . Mﬁ?g . '?EX ever
32 as angul ar di spl acenent a outCMgirhgg ﬁpp%%i%@%i eéian%%}r{?ﬁjs e mdnl’ he
angul ar di spl acasingtit foshedd pad diinch againstithe battogt of the PC board o After blade)1446bhas50,

t he di stance betwee rimar lvye.shaft 6 r .7 t he
di stance bet \/\BW&S‘B %My?gl‘ﬁﬁyra“‘%?‘%“%? %I%@rﬁ’ml @35&@%1@’ lead
The angul ar 5di peebivingpositionf prinary |ever 32 translates to generally
verti.cal | y-di sposed reciprocatjon, of push rod 46 at operatiyve.end 36,
general |y al ong thwm&gyw 5"&5‘3&% %géwg'éed

vertical ly recgpésied cotactds nade bawesifledel of the m@rmm?%r@g gﬁlaﬂd ea’crhoﬂ%

magni t ude of the throw of each reciprocation cycle o

depends on t hetwh lsadarfdhe elegieanic gamppanenta respestivelyc A simplel eontinditydest ivmadet i ng
20 rod 50, th i t r i [ t 72,
and the d?g%atiﬁé:g&%y@%ewvgt&%g& ﬁgﬁﬁgﬁ{r‘l’ f‘gg&%ﬁa‘g@lg&%%ﬁ? &ever

32. 10 the fixed knifd plate/B42t | Bazh leaddcofjar simghé companentyisistedijusd pridr testheppl i ed

t? Qpera{i ng ?n %ﬁ"da seﬁitﬂig%n t 00l w ge‘s/%e.nbz 6. The %rBtmi,c loglr de 4 Iz
of insertion tSYFR @&5 CH t’%‘&“rp“r apms e
descri pt i onf of lddlaed aboverthe PQ Bmﬁnuﬁcﬁrdsb&tiwemddhmgaﬁse Layért 452 of theGhife
operation of togli sse 76 1S not considered necessary to

under st and thepﬁf‘éggﬁalo?"ﬁ%ﬁ?%mem?@?@i on tooling assenbly 76 may be

conventi onal , as i qu&]&ﬂ%diﬁwrﬁr s thitfugh S I'diﬂrﬁﬁnﬂ&%
disclosed in U.S. 3,550,238 (hereby i ncg?%ora_t gd b;ll, ref erence).
15 PC board, the continuity test circuit remain electrically "open” and will indicate

an alarm signal to computer 20 to take appropriate action, such as shut down the entire
machine to safely allow human personnel to manually insert or replace the damaged
- (or missing) electronic component.
A simple continuity circuit, as is well known in the art is applied

20 between each insertion arm 77 and each respective knife plate 142 wherein the
interposed component lead functions as the "closing switch” to the test circnit. Knife
plate 142 is otherwise electrically insulated from either insertion arm 77 so that if no
tead is present to close the test circuit, an alarm signal is effectively sent to computer
20. If a lead is present, no alarm is sent.

25 Referring to Figs. 11 and 12 an alternative, and preferred, continuity
testing arrangement is shown. In this arrangement, the continuity circuit is completed
between a conductive fixed knife base and a electrically insulated conductive moving
knife, when the moving knife contacts and pushes a component lead against the edge of
the conductive fixed knife base. In this embodiment, the insertion tooling is excluded

30 from the continuity circuit. One problem with the use of the insertion tooling as an
electrical contact is the presence of non-conductive material at the part of the lead
closest to the component. During manufacture of the component material can be
deposited on the lead. The material can form a trail along the lead which can interfere



I ndex drive shaft 80 is rotatably supported by housing 30 using 30
appropriate bearings (not shown). Index drive shaft 80, which is preferably

posi ti oned parallel to and below primary drive shaft 60, includes a
drive end 82 and a renote end 84. The head assenbly
14 further i NP UAS88 wo i ndex wheel s 86, each of PCT{p595/99898 333
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: . : 14 : , :
whi ch include teeth 88 | ocated around each respective circunference. The

pitch of the with thé esidactiityF e iead!and méulﬁﬁdﬁlsﬁlceﬁmimﬁaﬂxgpref erably
identical to the pitch of the supply tape so that the | eads of

adj acent el ectroni c conpeierrferiag s ¥ig. it plegrigply conductive figed kyifa hasp 30t ween
adj acent teetly ﬁﬁuntéfto' sl 2] Wénb&nﬁ&&in Wi&u?é‘?% i)s/ 'ni;ngﬁiéd 1o fixéd'Bifes 86

advance the supply tape into insertion tooling asse

Each i ndex whbese 300. iKnife: 3Qoimd base;3each daveya slatitiwoughi whichsh eémpaent lead an
o, 4P B aSORREE s A RS el 0o B gl S50 © 1 ©
drive shaft  condufivel lmifecd02tisiasle ofip handtnod-conddctive matesiahcapalile ofyformingab| y
par e el Lo e i SRDG SRSty N s S 3heoh S5 B!
respect to layer 154 of knife plate 142.
Conductive moving knife 304 is mounted over fixed knife 302 and is
10 slidably secured by moving knife retainer 306. Insulative washer 308 (made of rubber
or other suitable insulative material) electrically isolates conductive moving knife 304
from actuator 132 when retaining bolt 310 is used to bolt moving knife retainer 306 to
actuator 132.
In operation, the presence or absence of the component lead is detected
15 as moving conductive knife 304 advances and pushes the component lead against the
edge of the conductive fixed knife base 300 and the continuity circuit is completed.
D.  Work-Support Table
Work-support table 16, in accordance with the invention, and introduced
above is shown in Figs. 8, 9 and 10 and is attached to a conventional X-Y axis
20 displacement assembly (not shown, but described above).
Referring to Figs. 1 and 8, work-support table 16 (hereinafter "table”
16) is a flat circular disc of a rigid material, such a metal. Table 16 is rotatably
mounted within an circular opening 170 of a Y-stage 172. Y-stage 172 is a flat
rectangular table which includes threaded blocks 174 along an underside surface 176
25 which engage with lead screws 178. Servo motors (not shown) rotate lead screws 178
to move both Y-stage 172 and table 16 linearly, along a Y-axis direction (usually front
to back with respect to the machine 10), as shown in Fig. 1C.
The entire Y-stage 172 is slidably mounted to an upper surface of an X-
stage 180. X-stage 180 operates in a similar manner, as is known in the art, to move
30 Dboth the Y-stage 172 and table 16 in along an X-axis (usually in a side to side direction
with respect to machine 10), as shown in Fig. 1C.
Referring to Fig. 8, an underside surface 176 of Y-stage 172 is shown
including a friction drive assembly 182, a locking assembly 184, vertical support



toot hed belt 93 and respective toothed pulleys 94 so that rotational

di spl acenent of I ndex drive shaft 80 causes direct and effectively

si mul t aneous rotation of each secondary index drive shaft 90. The end
result is thatyrqratj.pn of index drive shaft 80 I ndi r ectdtnRoNéoss S
the linear diplacement of the supply tape entering head assenbly 15 14.
Att-ached to drive end 82 of index drive shaif 80 is an out put S|de of a
directional clutch mechanism 91 (shown in Fig. 3) which is a Known

rat cheting begringsck86, dateral supportbearings, 88, dstent Plapks; 150 an am@ev—aqnsmg

s o conmer ci artyriagy Mol epiphera eafiep SIcEfba gabieh e L fwrgean o

manuf act ur ed fophomeeauplws 19y 196,eremnmellgton Conmpany of Torri ngton CT,

part no. RCB-101416. Att ed n_i nput .si 91 is
i ndex drive |ever ‘E‘h‘?’rfB i@? &qﬁ%ﬁﬁéh@%@%ﬁ#’a Spring
bias end 1005 Ancludes xmﬁ&mglahcamsmhmwymwmdmwm
drive. lever 96 at actuati end 98. e tignal utch 91 is pt ed
to drive index 48 efeY m?ﬁg%aepg%&m%_ ”‘}‘ g’ﬁ‘w er

i's angularly dlédhh@&qﬂehﬂdeesm‘émsmrm%m coRd& ktion of eaclt laBin se

angul ar di spl acenent of index drive lever 96 will not transnit through

directional cl usupporybeasing 188 conmels an gfige susfaee 133 ofi table 1§ depending on H&rmgf
Irrggﬁi(eglatmomﬂgﬁls?%gﬁgb%hr OSBS% ahgog{a#r I ng ﬁg?eghzm; t élogl glns :atft ;gthgga{oloy
shaft 106 i 4030 a t oot hdttictom drive gsseroblyilf incjyses palitlab;e)mmsing@lmm&%
L o o o WHES s tn e 205 o 03 Y s RS e )
shaft 60 t hr oug$lidableitheuhting Iplamjl%eistshdauy mountet tocttie undqmﬂd £76 of table 16isimgd a
simiar pulley Lig 85 e the'Bofiin Wheel 204 ms§ vé Babkivel) moved between a

disengaged and an engaged position, as described below. An opening (not shown) is

15 provided through Y-stage 172 through which friction wheel 204 protrudes so that when
friction wheel 204 is selectively moved by air cylinder 200 (or other actuator) to the
engaged position, it contacts (frictionally engages) the edge surface 189 of table 16.

Referring to Figs. 8, 9, and 10, locking assembly 184 includes rocking
Jever 210 which is pivotaily mounted to a pivot bracket 212 and is pivotal between

20 unlocked and locked positions. An actuator 214 is attached to Y-stage 172 and
includes actuator arm 216 which is attached to actuation end 218 of rocking lever 210.
Cam follower 220 is rotatably mounted (along a vertical axis) along an inward edge
222, adjacent to an opposing engagement end 224. In operation, as actuator 214 is
activated (preferably pneumatically), rocking lever 210 is pulled at actuation end 218

25 which causes rocking lever 210 to pivot engagement end 224 inwardly towards the
center of table 16. Cam follower 220 is sized and shaped to snugly fit within a detent
block 190 and hold table 16 in a predetermined orientation. Actuator 214 is only
actuated when any of the preferably four detent blocks 190 are in alignment with cam
follower 220, as described below.

30 During the insertion process, as is understood by those in the art, it is
often necessary to rotate table 16 (and the PC board) to accommodate oriented
clectronic components (usuilly in 90 degree increments). To initiate a rotation of table
16, computer 20 signals actuator 214 to diséngage cam follower 220 and
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| ndex cam wheel 104 includes cam|obe (or projection) 114 and is
positioned adjacent to index drive lever 96 so that contact_rol|er 102
roll's al ong “JOWZB’?Fi pheral edge 116 of index cam wheel 101&%3%P°§%t ive
position of camlobe 114 W th respecfgto shaft 106 is preferably
quickly and easily adjustable in prescribed 5 increnents so that the

exact moment ?ﬁum%?@g%ﬁnﬁmgheamm fﬁmoﬁldiiveamirxlmiwmz igto contach,
insertion tooling assenbly can, he ropriately synchronjzed. .

In operation Wfthﬁéﬁdfgfs%féﬁﬂhmizfmgﬂageﬁﬁ@w&ﬂid ﬁﬁ’f%tgﬁp“&ﬁﬁt r ol

signal s from gcagRyoRiit, glidddby Wirfda® afd a&&ﬂ%hﬁﬁdﬂ'Tﬁaenwmd,ass,dlieWnt

count er - cl ockwi se from top-dead-center DC. a point in'the operating
cycl e where primary 10 Duringsan orentation change of)table: 165(e. g1imaving-table 16 from anar v

drive shaftc 6 @ SE%H"Eé P Yerd &ﬁx&s Paﬁ'(aylin@} %g?:faies
reaches thrg fin%ogie ' asb?r]eggguredhe |ngt°(?8r?\r/‘gn onjél o?@?e en?:(gdi ng
t echnol ogy, f causeatoarfitse highaatetof dotatiors which caises tablt 16 torinitinthy) rdtate quickly.
occurred, conputer controller 2 0 ds sefvo Qr 64 .t0 rever

di rection, nﬁWﬂ%tWﬂaMMB@ﬁ?ﬂ ﬁ"er“‘mﬁgg’gtlgéﬁ?%ﬁ%@?’ﬁ?“’of

angul ar di spl aBRNF st BloweRONsbcddd flower ratf ofaothtioy.cl e. It is preferred that

when primary drive shaft 6Q is positigned af. T cam | obe 114 is
located at its top deaﬁ%mmmﬁ%@&%WM%f&bﬁﬁ|dsma5>zaq°§,

10 peripheral openings 192 are positioned along the periphery of table 16 and selectively
communicate with both photo-couplers 194 and 196, as they pass by and open or block
the respective light beams thereof. Referring to Fig. 8, as table 16 rotates in a
clockwxse direction, from a "home" position (Table 16 is shown in the "home"
position in Fig. 8 because a peripheral opening 192 has aligned with both photo-

15 couplers simultaneously) which represents a zero degree starting position, toa 90
degree position, opening 192A moves clockwise (at an initial high rate of rotation).
When it passes photo-coupler 194 a signal is sent to computer 20 which then slows
down servo motor 200 to a slower rate of rotation. As opening 192A continues to
move from photo-coupler 194 to photo-coupler 196, now at a slower rate, computer 20

20 is ready to activate actuator 214, the instant photo-coupler 196 detects the opening
192A, at which point cam follower 220 will be moved into the engaged position and
will "catch” and lock a now aligned detent block. Sensors not shown indicate the
position of lock assembly 184. Once cam follower 220 engages detent block 190, an
engaged signal is sent to computer 20. Friction drive motor 200 is deactivated once

25 photo-coupler 196 detects opening 192. Table 16 is locked in a 90 degree orientation
from the "home" position.



| ocated at the highest point (the 0| nt furthmt fromthe center of cam

wheel 104) of cam | obe 111H|“ I“I rive |l ever 96 has pivoted a
maxi num magni t ude. servo nmotor 64 rotates

prinmary drive whefsssgfd past TDC,” cdm 2 Iobe 114 forces conpéfiissrabsog’ 102
to pivot index drive |lever 96 and rotate I ndex drive shaft 80 a

consi stent and predeterm ned i ncrement of rI@tational displacenent. The
rotational displacenent of index drive shaft 80 is transmtted to each
secondary dri VSVhﬂHSCWtIS ‘90 by toothed belt 92 and causes index wheels 86
to rotate a predeterm ned degree of angul ar di splacement, depending on
the pitch of the supply tape. This 25 prescribed displ acement of index
wheel s 86 forces a singld el ok insertion exachion fortforming and inserting therlcad-wiremof

t ool i.ng assenbl ég' ﬁﬁﬂ |: ﬁﬁmﬁ@ cmm primary
drive shaft 60a¥ C e@g&g@ er {)ﬁg’ I'Ts sgraggg choard am Pobe 114 of
I ndex cam wfeel 104 is | admmer at end cycl e poi nts and index drive :
| ever- 96 i s not pivoted. ;hi reyept s index Is 86 f rot g and
the supply 30 tape therd ﬁdtse“&@% '5‘["&‘[‘{‘%% ‘? shaft 60
rotates from Tigsef®ly includidgt her the first PEC or the second PEC push rod

46 noves from an upperm)st p03|t|on to a | owernost position. As push
rod 46 noves downwardly from means for forming saiddead-wims; tp jadgmedetermined  shaps; apd ¢

position, an el ectronic conpayenk foﬂ’fﬂke?ﬁhghéfh lead-wires into said openings of said

10 printed circuit board,;

a clinching assembly located below said head assembly, said clinching
assembly including:

means for trimming said lead-wires; and
means for clinching said lead-wires; and

15 a work-support table for holding said printed circuit board, said work-
support table being rotatable about a vertical axis and being located between said
clinching assembly and said head assembly.

2, A work-support table for use with an insertion machine of the
type used to form and insert the lead-wires of an electronic component into openings of

20 a printed circuit board, said work-support table comprising:

a frame;

a disc portion selectively rotatable with respect to said frame;

means for selectively rotating said disc portion;

means for locking said disc portion with respect to said frame; and

25 means for controlling the rate of rotation of said disc prior to activation
of said locking means.

3. The insertion machine, acoording to claim 1, wherein said
clinching assembly includes means to determine the presence of said lead-wire in said
opening of said circuit board.

30 4, An insertion head assembly for use with an insertion machine of
the type used to form and insert the lead-wires of an electronic component into
opetﬁngs of a printed circuit board, said insertion head assembly comprising:

a motor providing a rotational output shaft;
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inserted into insertion tooling a YL the last TDC of primary

drive shal is cut fromthe supply tape, fornmed (|l eads bent
to gg’c#?’zg@ﬁ

paral | el er), and driven downwardly al ong tHfd/UE%8888 | 1t o
openi ngs of the PC board |ocated at the pqgnt of insertion. 5 C.
Cinching Assenbly dinching assenbly 18, introduced

above is shown in Fi gs.means Sor tanslating the rofitiomh thovemént Of said output shaft into a

hei ght - adj ust abl e bﬁﬁe 130 mhhgb iseaggﬁreq to frame 12. Base 130

supports two SEPINARPE mpygment yiong 3, v Afbad of the el ectronic conponent.
Each actuat or 132 figms frappHind didietiphdeatichmevehimt m.aghe. ferably
approximately 45 arc 10 degrees fjon1thé& | ane of the PC _oagé Effe.,

hori zontal ), SRMROREH$O;jthatsaig electronig camponent jsforead sowardssaidicirauitdwoard; andt on

assenbly 136, and cuttiﬂ&ngﬁ,sgdmloymgwﬁ tonmﬁé,??%g%%mé%ﬁgoper ates

using varying air pressure on one Si
actuator rod movement aloag said vegigal-axisei vi ng position and a | ead-cutting

position (Fig. 4 shows piston 136 and actuator rod 140 in a

| ead-receiving position). Actuator 132 nmay 15 be of a conventional design
and may operate pneumatically, hydraulically, electro- magneti cal |y,
or purely nechanically, as is known in the art. In

accordance with the invention, cutting assenbly 138 (only one of the

two identical cutting assenblies used) includes fixed knife plate 142,
slidable cutting bl ade 144, an upper support plate 146 and bi as-spring
148. Referring to Fig. 4, fixed 20 knife plate 142 is positioned al ong
cutting axis 134 (of either actuator 132) and is attached to actuator
132, using shoul der-bolts 150. Referring to Figs. 4 and
5, fixed knife plate 142 includes conductive



nmet al - base | ayer 152 and a thin insulation (non-conductive) |ayer 154,
preferably made fromzirconia. The preferred grade of zirconia is
Z201N, available from TDK 25 Corporation or Kyocera Corporation, both of
Japan. Howevery, b d1ard, insulative material could be used including
many types of ceramc based nmaterials. Base |ayer 152 i 400508
cutting slot 156 which receives a lead to be cut and clinched. Fixed

knife plate 142 remains stationary with rb8@ect to frame 12 during the

entire cutting and clinching procedure. 30 Ref erring
to Figs. 4 and 6, sidable knife blade 144 is slidably nounted to fixed
knife plate 142 (adjacent to insulation |layer 154) and is directly attached
to actuator rod 140. Knife blade 144 is novable along cutting axis 134
fromthe | ead- receiving position to the | ead-cutting position,
wherein the lead wire is first cut, then . WD 97/ 25835
PCT/ US97/ 00808 -~ 12
clinched, as described bel ow® Slidable kni ' Jefties a snal
body wi dth which is sizéqﬂfnd shaped iifle wi thin nel 153
formed wthin the upper suppor pl ate 94 that ' | ade 144 may
freely slide between the Iead-recmgﬁrm POsisal ON +
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and the |l ead-cutting position. Knife blade 144 includes knife tip 145 which
preferably. 5 is made of tungsten carbide and is brazed onto knife bl ade
144. Alternativel kni fe tip 145 nmay be of the sane material as the
body of knife bl %991’&5!’% preferably tool steel).

Referrrng to Figs. 4 and 7, upper support g}ate 146 is secured 08
knife blade 144 to provide support to knifé/18 ade 144 during cutting an
clinching. 10 Upper support plate 146 includes two openings 160 for

recei ving shoul der bolts 150. Upper support ate 146 renuains
stationary with rgspect to the fixed knifewl ate during the
cutting and clindling progedure. ‘J — ABiwls-spring 148 is a

pl ate-type spri n@and is decured to a portli) of - tuator 132. An open
end of spring 148, pushes war dl y agai nst¥#n upp portion 15 of support

pl ate 146 therebydpushl n pport plate 146 agai ns¥ kni fe bl ade 144. Knife
bl ade 144 is sli ny gutﬁgj bet ween {y oife plq te 142 and upper
support plate N of clinching
assenbly 18, base 1 e is awtonmati cal ~ . ing or before
novenent of the PC boaxd and r giseq | nsert{on using 20 a
pneunatic cylinder (gr W her{ 3% ' A : ires of an

el ectronic com@Pgen\ beifg - nsertion
tooling assenbly 76 Xwgl udes 4 fretse on arns 77
whi ch contact and dr%e tHe | . COMR into open\ngs of a PC

board, a signal is t 0 Ny essuri zed
air through condui t ] € applied 25 N\air noves
respective pistons ‘alo kni fe bl ade

nove fromthe | ead- ei Vi

position (not sRowR
134, its forward cutt
| ocated within gl ot 15
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along the cutting axis 134 until it abuts against a forward edge 158 of
slot 156, at 30 which point the netallic | ead makes el ectrical contact

with a conductive portion of sl ot 156, in particular base 154. As
knife blade 144 continues to slide along axis 134 the g Hzﬁmgogad S
cut by the pi WO&4ction of the cutting edge on bl'ade 144 an e

forward edge 158 of slot 156. After the/Méad is cut, the scrap falls away,
preferably. WO 97/ 25838 :
PCT/ US97/ 00808 (¢ 13 into
scrap tube 161 and is renoved under vacuum from clinchgag assenbly 18.

Kni fe bl ade 144 continues to push against the |lead af#er it has_bgen cut,
causing it to bend and clinch against the bottom of the PC oar'&. Af t er

bl ade 144 S clinched the conponent |ead, air pre ur/g\ﬁ)r el eased,
and bl ade (iéd,e,;ra@_s to the [ead 5 receivin os_i,t/i"g.

During ini#+el insertion by insertion togling asgemily 76} isglated

el ectrical contact is made between eacH#¥ thg,'t'V\p”l nsert{ar“ay. 77 and

each of the two | eads of th€Ne] ect on%o'c onent pectilvel 4_5)
sinple continuity t IS made . “oqcd -the-f éad QiPtTe XNt L 4ni T

conponent is pushed= nto xonject w Ch Thy-tase jike X isxed knife
plate 142. Each |ead gi-a.%ingle ﬂ,. Lon{a t he 38

cutting and clinching procedure, tio cl ogezp ‘t,be e T estfeCtyE
i nsertion arns 77,'</" bLL ab ¢ = 34 .
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.
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| ocat ed above the PC board, and respective conductive base |ayers 152 of
the knife pl ates 142, | ocated bel ow the PC board.

If either lead failed to properly pass through its proper opening of the 15
PC board, the continuity test circuit will remain electricalk¥8"gaﬁ@&mand
wi Il indicateWO%28% al arm'signal to computer 20 to take ap i'at e
action, such as shut down the entire 4/1&achi ne to,safely all ow human
personnel to manually insert or replace the danage @’ ( m ssi nQg)

el ectroni ¢ conponent. A sinple cbhtiHifity circuit, as is
well known in the art is applied 20 between each insértion arm 77 and each
respective knife plate 142 wherein the I nt er posed conponent | ead
functions as the "closing switch" to the test circuit. Knif pl ate 142
is otherw se el ectrically3Sb\nsul{gdeed fronp?&ther i nsertion aw 77 so that if
no lead is presgnt e ose\the test’/circuit, an ala&rmsignal is
- effectively sent to [co ~ a ffeqd 1s prgegent,  no ar arTmrTs
sent. 25 ...-FeLgLri i gs- % 12fan alternative, ang.,
preferred, continuit ] t€es dqngenent is sho =L0i S -
arrangenent, the conti nui{t y-et ' ste € "%fﬁb@hia C Hve
fi xed knife base and a_ellectrikalll 1] ' :
when the novi ng | fle corltact es cgnponent
of t he condutt : K ' -
tooling is excluded . ul citrcui roblemwi th th
use of the insertionto a i cal contact is the presence
of non-conductiye erped, Jat -}h f e o Trosest—to-the
conponent . Durk&@ n re gf it dfieMi~phterial can be )
deposited on the | ead. Bl *rf1ail along the | ead which
can interfere -
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the conductivity of the lead and can result in a false continuity reading.
Thus, referring to Fig. 12, electrically conductive fixed knigfg ke 0

i s mounted toY4RP 132. Non-conductive fixed knife 302 igkﬁbuntggﬁfo
fixed knife base 300. Knife 302 and BA®: 300 each have a sl ot through
whi ch a conponent lead 5 nay be introduced (as shown in Figure 5 with
respect to another enbodi nent). Non- conductive knife 302 is made of a
hard non-conductive material capable of formng a catting edge for
cutting conponent |leads. Suitable nmaterials are descriems\ud?&- wth
respect to layer 154 of knife plate 142. ~ 5§§§Syctive
novi ng knife 304 is nounted over fixed kn’#g-Bo ,QSS£§§A.-Iy
secured by moving knife refai ner 306Q | il dts AN

or other suitable insulatiﬁe beri ak) el-cl

\ p
N <$$9. ¢ of rubber
movi ng knife 304 fro ¢ 4

‘ 3 jictive
actuator 182 vﬁf ' QS$3 )
1

bolt noving knife retainer||306 t AR O WA A I n
operation, the pregkegce or absen@g of-(ﬂr o%; N, N detct e\ D5 as
movi ng conducti ve fe 304 advancesﬂéwé\‘ N N
t he edge of t ,'onduktive fixedlfs
circuit is conpl et gidus D. Wbrk-sf.(‘.
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Wor k- support table 16, in accordance wth the invention, and introduced
above is shown in Figs. 8 9 and 10 and is attached to a conventional X-Y
axi s 20 displacenent assenbly (not shown, but described above).

Referring to Figs. 1 and 8, work-support table 16 (hereinafte;c#bgphﬁ%

16) is a flat WMAYE®® disc of a rigid material, such a netal. Tabl'e % is
rot-at abl y mounted w thinn an circul aré/dgening 170 of a Y-stage 172.
Y-stage 172 is a flat rectangul ar tabl e which includes threaded bl ocks
174 al ong an underside surface 176 25 which engage with | ead screws 178.
Servo notors (not shown) rotate | ead screws 178 to nove both Y-stage
172 and table 16 linearly, along a Y-axis direction (usually front to
back with respect to the nmachine 10), as shown in Fig. 1C

The entire Y-stage 172 is slidably nounted to an upper surface of an X-
stage 180. X-stage 180 operates in a simlar manner, as is known in the
art, to nove 30 both the Y-stage 172 and table 16 in along an X-axis

(usually in a side to side direction with respect to machi ne 10), as
shown in Fig. 1C - Referring to Fig. 8, an underside
surface 176 of Y-stage 172 is shown including a friction drive

- assenbly 182, a | ocking assenbly 184, vertical support WO
97/ 25838

PCT/ US97/ 00808
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15 beari ngs 186, |ateral support bearings 188, detent blocks 190 and a
posi ti on-sensing assenbly including peripheral openings 192 | ocated
through the table 16 and two phot o- coupl ers 194, 196, respectively.
Each vertical support bearing 186 and |ateral support beari ngckAfor/bosos

i ncl udes a rolWepP”H83% i ng and a bracket. Each bracket is mounted to

under si de surface 176 of Y-stage 172/% that a contact portion of each
vertical support bearing 186 contacts the underside surface of table
16 while a contact portion of each |ateral support bearing, 188
contacts an edge surface 189 of table 16, depending ogttqﬁ_typeQﬂ

bearing used, as is well known in the art. 10 g — Frigetion

whi ch

drive assenbly 182 includes a slidable nounting plategk -
o el 204.

supports an air cylinder 200, a servo nmotor 202 and asfr
Slidabl e nounting plate 198 is slidably nounted to the u

g§ rsia 76 of
tabl e 16 using rails 206 so that the friction whee §§§i éay e
sel ectively noved between a di sengaged_and an engage&N po&et PN, as

, . . N

descri bed bel ow.__An opening (not shown)sis 15 provided §5‘ougﬁ stage 172
t hrough which fraction wheel 204 prot esase® thai when frictton wheel
204 is selectiveky noved by air cy§§n Zggu(oidpther actuator) to the

engaged posW%s (fricEi wengages) the edge surface 189

of table 1Gw== Referring| t®Qrigs. 8, 9, and 10, | ocking

assenbly 18%-+¥nthudes rocki ng | ever 210 which is pj te o]
a pivot bracket 2 and is pivotal betwe 20 unl ocked _ ~
positions. An actdjator 214 is attached toxY-stage 172 and i ncbudes

actuator arm 216 hich is attached to actuation end 218 of rocking |ever
210. Cam f ol Bower 220 is rotatably nmounted (along a vertical &xis)

al ong an i nward edge 222, adjacent to an opposi ng engagenent &nd 224.
In operation, as actuator 214 is

0 _
3 o 3 )
3] N &
L « e &
(I j = & B




activated (preferably pneumatically), rocking lever 210 is pulled at
actuation end 218 25 which causes rocking |ever 210 to pivot engagenent
end .224 inwardly towards the center of table 16. Camfollower 220 is
si zed and shaped to snugly fit within a detent bl ock 190 and hol d
table 16 in a PYROUBI%i ned orientation. Actuator 214 is only PCTUSILREMR, ¢ o
when any of the preferably four detent bl 8tt#es 190 are in alignment with cam
foll ower 220, as described bel ow. 30 During the insertion.
process, as is understood by those in the art, it is of ten necessary
to rotate table 16<ftand the PC boqfﬁ) to accommuoflat e ori ent<dd

el ectroni c conponefits (usually in-90 degree incr nts). Td*rnltlate a
rotation of table ‘T . 16, conputi) 20 signals ac}uator 214\to di sengage

cam fol | ower Sa: mﬁQWZS%EF
PCT/ US97/ 0080 =
si mul t aneousl \ ges friction Wneel04 ol kL
i nto contact edge189 of .gl’%
rotates table ‘ 6 abou;t; its mf‘l@L.

| at eral suppof{ beari®s j L3 8—+BPR g
an orientatioflchange .cgéf 6 (et nmovbed
-
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5 "honme" reference point of zero degrees to 90 arc degrees), air cylinder

200 operates to cause at a first high rate of rotation which causes
table 16 to initially rotate quickly. However, to ensure a detent

bl ock 190 can be "captured"” by |ocking assenbly 184, table 1

slow to a secoW®¥ r rate of rotation. ?%T'nggsﬁﬂts

conputer 20 the position of table 16 duri®d2rotation, 10 peri pheral
openi ngs 192 are positioned along the periphery of table 16 and sel ectively
comuni cate with both photo-couplers 194 and 196, as they pass by and open

or bl ock the respective |ight beans thereof. Referring to Fig. 8, as
table 16 rotates in a cl ockwi se direction, froma "honme" position
(Table 16 is s in the "hone" position in Fig. 8 because a
peripheral operrp 041 hasc§ligned wi th both photo- 15 couplers

si mul t aneousl y) I ch Tepresents a zero degree starting position, to a 90
degree position, opening 192A noves cl ockwi se (at an initial high rate of
rotation). When it passes photo-coupler 194 a signal is sent to
conput er 20 which then sl ows down servo notor 200 to a slower rate of
rotation. As opening 192A continues to nove from phot o-coupler 194 to

phot o- coupl er 196, now at a slower rate, conputer 20 20 is ready to
activate actuator 214, the instant photo-coupler 196 detects the opening
192A, at which point camfollower 220 will be noved into the engaged
position and will "cdtch™ gnd | ock a now aligned detent block. Sensors

not shown indicate the posili R GYLINDERssenbly 184 apISk
fol |l oner 220 engages deterjt bl odk 190, an ST gna
conputer 20. Friction drive notd 0TS deactivalg@ nce 25 phot o-coupl er

196 detects opening 192. ab?é"ﬁ_i@klocked ina?9 egree orientation

fromthe "hone" posi ]
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is clainmed is: 1. An insertion machine for formng
and inserting the | ead-w res of an el ectroni c conponent i | Ngs
of a printed ciWear*8oard, conprising: 5 ' a g&érﬁ;@?%@ﬁw

a head assenbly for receiving an el ectrotm@f2conponent, said head

assenbl y i ncl udi ng: X means for formng said

| ead-wires to a predeterm ned shape; and means
for inserting said | ead-wiresjfrmo said openi nggdof said 10 printed circuit
boar d; a chitne¢h-rg—assenbl y kécated bel ow said head
assenbly, said clinching asgenbly i h N

means for trinmmng said { adw&reﬁ; and meaps for
clinching said lead-wire& and 1% abl ¢ for
hol ding said printed cirgyit HQoafd, said berl g

rot at abl e about a vertic axils énd bei n
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clinching assenbly and said head assenbly. 2. A

wor k- support table for use with an insertion nachine of the type used
to formand insert the lead-wires of an el ectronic conponent into openings
of 20 a printed circuit board, said work-support table CO”pr'ﬁhﬂﬁh

a frane; WO 97/25838 a disc portion selectively rotatable w {oppos
respect to said frane; . ireens for selectively rotating
sai d disc portion; means for |ocking said disc portion
with respect to said frane; and 25 means for controlling
the rate of rotation of said disc prior to activation o{ said | ocking
means. 3. The inserdy on machi ng '9\‘5*\ g toclaim
1, wherein said clinching assenbly ipelud f$§§$='ne t he
presence of said lead-wire in said openi g /./‘} "‘J 30
4.  An insertion head af§kenbly. for u { X of

the type used to form and nsertc¥%e IéTd-@’", onponent
into openings of a pff{nted Crrbyit >4!‘~ nd\assenbl y
conpri si ng: yt\shaft;

o (e

T P

TY

77

k3 t~2

NN 13U~y
15

*
.
.
*
s
*
¢
.
| /

A, et P e

O
*
4

b
.
()
]

77
eoo— 8

/4

\

%7 )

I

REHE SR, T




WD 97/ 25838

PCT/ US97/ 00808 : 18

means for translating the rotational novenment of said output shaft into a
reci procati ng novenent along a vertical axis; PCT/USSHINR0S OF
appl yi.ng sai dwWe@e13s8¥cati on novenent to said el ectronic conponent so

that said electronic conponent is forcedygggards said circuit board; and 5
means to control the effective displacement of said reciprocating
novenent al ong said vertical axis.
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