¢

2190459 DRI VE MECHANI SM FOR ELECTRI CAL COVPONENT  PLACENENT HEAD Backgr ound

O The I nvention 5 Field of the Invention This invention
refates to a drive mechanismfor the conponent placement head of an v
automatic electrical 10 conponent assenbly mgchine. Summary of the Prior

Art 15 In the art of automatically applying el ectrix}l9 gohpdhent s _.

to a printed circuit board, the conponents are supplied to the placenent ¢
head of the machine in a desired sequence for placenent on the board. The
conponents may be in a reel in which the conponent |eads 20 are taped to
present the conponsivei MECHARDSH PORI B3ECTRITAIL CHMIBNENT SPUACEMENT HEAD
pl acenment head coAtalms a mecnant sm O Sever the CONMponent reads fronrthe
tape, formthe leads at a right angle to the conponent body and insert the
| eads into -presel ected openings in the 25 board. Thereafter, a cut-clinch
mechani sm cuts and forns the | eaﬂﬁcﬂg%&fdﬁi 0% ﬁ{@ﬁﬁ,ﬂgﬁard
undersurface to | ock the conpon 5 ' f this type are
disclosed in U S. Patent No's. 30 .3,488,672, 3,594,889, 4,080,730 and

4, 464, 833. @ her assenbly nmachi réellavE thec aenti’cals that are adapted
to receive DIP type conponents froma source and 1 nsert the | eads of the
conponent into the openings in the board. In like fashion, a cut-clinch
mechani smw || secure the conponent to the board. Machines of this type
are illustrated in U S Patriis \NDnvend?8n2281aktest t® ARV MedhdhESR for

nachlnes,_there ' the component placement head of an automatic electrical
10 component assembly machine. &%

Y

Summary of the Prior Art

15 In the art of automatically applying electrical
components to a printed circuit board, the components
are supplied to the placement head of the machine in a
desired sequence for placement on the board. The
components may be in a reel in which the component leads

20 are taped to present the components in a taped series to
the placement head. The placement head contains a
mechanism to sever the component leads frcm the tape, .
form the leads at a right angle to the component body Q_

_ and insert the leads into preselected openings in the

© 25 board. Thereafter, a cut-clinch mechanism cuts and
forms the leads protruding through the board
undersurface to lock the component to the board.
Machines of this type are disclosed in U.S. Patent No's.
30 3,488,672, 3,594,889, 4,080,730 and 4,464,833,



vertically driven placenent head which travels froma position to receive

t he conponent fromthe source to a 10 position to insert the conponent

| eads into the opening in the board. The mechanismto vertically

reci procate the placenent head has, in the past, been a pneumatic cylinder
arrapgenment (such as illustrated in U S Patent No. 2,896,213) which drives
a |ipnkage causing the placenent head 15 to nobve up and down. Because of
the varying depth to which the placenment head nust travel due to the
varying di anmeter of the conponent s bei ng inserted (see U.S. Patent No.

3,594,889) and the differ t d| anet of t Iea pri or pneumatlcal |y
driven mechani sms have r & "gﬂ'yalﬂ q’ﬂa\)’ %'lm

to.control the aifq)t&daaﬁtemlm ﬁdt&ip}aiammrﬁjdeaﬂ:mgdﬂeﬂﬂsve’ﬁow\w (idxﬁ%e and
atop s shown’ L B aH ,Ugctn LTS Benihed 3 Hhe'
| nvention It i @Qﬁrd}bj éfat loiket ff@qhme,nta iquterctl ioreht meymhamm arﬂér \S@cuxteor
dri ve mechani Smdlcotid AR o (G MR M R G o 93

t. 30 asse

el ectrical conponen I ne;, the drive echani s

functioni ng to Hkustmratad 1in ébrﬁ-r (ﬁaQemgt MNpt B 1§15 01,23 8p| acerrent head from
the board to accommmdat e 16 fff FPerd 3B 5 1HesOMRAAMMNE aridlecyear{%t @r of
e Teacs, e prcoent enii o o B TS RIS G an
printed circui tpd:matr:dm donecsEivE the Ic&nq:cﬁrerrmNﬂmnthet souree @ @f said
lmiaﬂi ﬁgr ewlrﬁaarbsoﬁqh% q__%a&%esqntto téH { "%:%ano%erin:e l@a%%er{%@ %%d o%fex{[::.rﬁ% in
the board. The mechanism to vertically reciprocate the
placement head has, in the past,'been a pneumatic cylinder
arrangement (such as illustrated in U.S. Patent No.
2,896,213) which drives a linkage causing the placement head
135 to move up and down. Because of the varying depth to which
the placement head must travel dve to the varying diameter
of the components being inserted (see U.S. Patent No.
3,594,889) and the different diameter of the leads, the
priof pneumatically driven mechanisms have required an
20 automaticaliy adjustakle depth stop to contrel the derth at
which the placement head will move toward the board, for
any given component being inserted. An example of such a
depth stop is shown in U.S. Patent No. 4,553,323.

25 Summary of the Invention

It is an object of the present invention to
previde a servo motor drive mechanism for vertically
reciprocating the'placement head of an electrical component

30 assembly machine; the drive mechanism also functioning to
automatically control the depth cf the placement head from
the board to accommodate dﬁfferent diameters of components
and diameter of the leads.

rive mechanism for
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The present invention provides a
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cemponents cntc cr into printed circuit bosrds comprising:



nmeans for vertically displacing said |ead screw neans including; frame
freans; a bearing assenbly supported by said frame neans apd conprising a
pul l ey and, nounted on the pulley a lead nut in threaded engagenent with -
said | ead screw said bearing assenbly having a hole therein through which
sai d | ead screw means extends; servo notor3means; drive belt neans _ .
i nterconnecting said servo notor neans and 10 said pulley for rotatlve!ﬁg
driving said | ead nut, and said frame neans including means for preventi
the rotation of said screw neans whereby rotation of said |lead nut wll
result in tHeadrscrew meapsactherbottosadfl s£id HEA@VEEM medPs being

It i I j ect, of | S iavent i on, 1o use Servo tor tg drive &

dri {/Z gelst(:) %ﬁ%grivgsa% é%dggnugﬁécaé]lr%ﬁ%e%tf}é%# s?:jr:g%%t‘f‘%féﬁe‘&?&o t he

pl acement heRRRRSA %mrev_ewctm@.‘aly cdhsplreing ssaib| Yead cdirer enrk%mf tz\gar & <
trol througdn @y £0C ' ] '

Cothe gorva L ELEOF ChRnd neattP R e R S OR) SR o A The

required turfRaneg NRARS Bnd YCIRRY R R%t > Rhkleraandcmaunted anertheie

P enent padtew & e 2h % éd,&!ﬁéi%e_ Qeich gt%gd gﬂ'oé/ﬂ]pl acenent

conmponent bejng.inserted into the b d.. In this manner, 't]
hegg is reciPi oc%tse%l‘i %ﬁ?%&%ﬁﬁﬁx e _tﬁ)é?"bl}%nﬁ‘#%d’t dehaarglpr oper
depth from twheidivasatid dreahysaprer meanp metendsi RIS eidtsk ndanss; a

further obj ; S Jwentd vertical |y reciprocate the pl acenent
head of @0 e e]_'c‘tg.r i%%éé%éy%ni})%\be{;n onargés%ér%g':% ér/‘r.’%atlc‘ﬁl. EHhMARRT SIS Gt or
driven | ead Sf#d \|ldex afon é@?ﬂ#@éﬁﬁfﬁmmﬁ aﬁéﬂeﬁ ltenliﬂzaic’q.nsaa_rd l)slzfld'lga?é)
the | ead scriainiea\dih P PRRASAIA il imed {leSr QRES [

revent axial rotation of the JT eggén scr ewﬁi | e bex%gr}gidc,imrl ver#cgt%qtlﬁé’ %ad o/
p / . .
35 said screw means whereby rotation of said lead nut will

nt- result in the vertical displacement of said lead screw
means. . | : o

15 It is also an object of this invention'to use a
servo motor to drive a drive belt which drives a lead nut
carrying'a lead screw attached to the placement_head cf an
electrical component assembly machine. A software control
through an encoder will supply a predetermined number of
20 pulses to the servo motor_to drive the drive belt and thus
rotate the lead nut the required turns to vertically
reciprocate the lead 5crew to lower the placement head the
predesired distance from the board for the given component
being inserted ihto the board. In this manner, the N\
25 placement head is reciprocated toward and away from the
board and located the proper depth from the board for any
given component being inserted.

It is a further object of this invention to
vertically reciprocate the placement head of an electrical
30 component assembly machine rhroﬁgh a servo motor driven lead
nut whieh_carries a lead screw attached to the inserticn
head; the lead screw having opposed flat sides cooperating
with fixed rollers to prevent axial rptation of the lead

screw while being driven by the lead nut.

3rief Description of ths Drawinacs




Brief Description;of the Draw ngs -4- Figure 1 is a side elevational
view of the drive mechanismof this invention; and Figure 2 is a front

el evational view. 5 Description of the Preferred Enbodi nent Machi nes for
automatically placing electrical 10 conponents into printed circuit boards
have a placenent head for inserting the | eads of the conponent into the
presel ected openings in the board. Thereafters4-a cut- clinch nmechani sm
under’ the board severs the excess lead and forns the | ead over to

physi cal-ly attach the 15 conponent to the board. These machi nes may

handl e DI P type conponents as illustrated in U S Patent .. 3,550, 238, or
mey handl e axial |ead conpoﬁéﬁ?§ea§iHﬁliﬂ%%ﬁ%ﬂgi%Yq}¥9n¢i$¥&ﬁwhﬁg éHe
3,594, 889. O her naghiveenechiatiisas of |tiely aimceritidn S.afthtent No. 20
4,501,064, are used to surface nount |eadl ess conponents to the board. In
each of the aforenentioned types of assenbly machines, the placement head
is driven vertical to a rai Fdguresix iieh a Franteiadevainphente¥rom a
source to 25 a_|owered position to place the conponent on the board. Al so,
since the conpoﬁents may vary in thickness, the placenent head nust be
automatically adjustable in response to machine control to be properly
spaced fromthe surface of Delsetigi®ors®f ite Brafgr retEmeedimenp| acenment
occurs w thout damage to the conponent or the :

Machines for éutbmatically placing electrical
10 components into printed circuit boards have a placement
o head for inserting the leads of the component into the

preselected openings in the board. Thereafter, a cut-
clinch mechanism under the board severs the excess lead
and forms the lead over to physically attach the

15 component to the board. These machines may handle DIP
type components as illustrated in U.S. Patent No.
‘3,550,238, or may handle axial lead components as
illustrated in U.S. Patent No. 3,594,889. Other
machines, such as illustrated in U.S. Patent No.

20 4,501,064, are used to surface mount leadless
components to the board.

In each of the aforementioned types of assembly
machines, the placement head is driven vertical to a
i_/ raised position to receive a component from a source to

25 a lowered position to place the component on the board..
Also, since the components may vary in thickness, the
placement head must be automatically adjustable in
résponse to machine control to be broperly spaced from
the surface of the board so that properlcomponent

30 blacement occurs without damage to the component or the

«l



Jooard. It is in this environment that this novel placenment head.drive is
utilized to acconplish the nmentioned objectives. Attention is now directed
to Figure 1 which illustrates a servo notor 10 carried by bolts 12 on a =+
frame 14 secured to the main machine frage_(not shown). The notor shaft 16
carries a pulley 18 engaging a drive belt 20. The belt 20 engages a pul | gy
22 carried in bearings 24 on franme 14. A lead nut 28 is nounted in the - -
pulley 22 by bolts 30 and is driven through the drive belt 20 by servo

notor 10. A lead screw,32.is carried,in the lead nut 28 with zero backl ash
cl earance. PRBFEchelitt 45t AB FBhEr SBRATSBUERL: hRatcERiscPeVedoPlacepent

pl acenent hredd(@gitveaibyuthddBedt t35acobmphesh! €6er méakieasgonent assenbly
machi ne. 15_, . £i Attached to the frame 14 by bolts 36 is a u-shaped
support fraﬂB‘%g ﬁX?an a top portion 40 carrying a roller bearing bl ock 42
by bolts 44. The rol | Atten8ianeisanowediracbedrtagFhgork 42whiddhare )

osi ti ohed pde_of L} _SEhe . . e.Lhe,flLat _si 48 of
Phe | ead scroiiebgatfiaobetls hRA- 000KaR2108, BDIBITLNTS' bR PicBEReT) O
through thelf seFessddtenthgemear Bechine Former{ngk. sbawatti nghel motor

surfaces 48suhFt peeygptiaxi al pholayi 08 eﬁ?aefnbea skl BE1t! BooPeRgLi on, -
a machi ne contro throu&h'an 2 gncoggr WARE ugse he sérvg notor. 10
turni ng pul PEYt180aRRIREPEUENPRALEY £ eCREFE901n Reagpinegg, 24208 Frape
rotated. Thed4leand bead2futs28hes mogated iAi shegpallepveri by bbetkead screw

rivEeE.

32, (anHOthgﬁthg 8Lf§$ﬂegﬁ}osgh3§heLgéméng belt 20 by servo motor 10.

A lead screw 32 is carried in the lead nut 28 with
zero backlash clearance. Attached to the lower end 34 of
the lead screw 32 is the placement head (partially shown at
35) of the electrical component assembly machine.

Attached to the frame 14 by bolts 36 is a u-shaped
support frame 38 having a top portion 40 carrying a roller

15

bearing block 42 by bolts 44. The rollers 46 are carried in
bearing block 42 and are positioned on each side of the lead
screw 32 to engage the flat sides 48 of the lead screw.
20 Thus, as the lead screw 32 is driven by the lead nut 28
through their threaded engagement 33, the rcllers 46
contacting flat surfaces 48 will prevent axial rotation of
the lead screw 32.
In operation, a machine control through an Y
25 encoder will pulse the servo motor 10 turning pulley 18
and through the drive belt 20, the pulley 22 will be
rotated. The lead nut 28 is then rotated raising or

lowering'the lead screw 32, (and thus the placement)

W
W



-6- head) the deslred predeterm ned anmount in accordance with the phase of

t he’ machi ne operation. Wen the placenent head receives a conponent froma .
soufce, the lead screwis raised. Thereafter, in accordance with 5 the

" nunber of pul ses received, the servo notor will rotate the | ead nut 28 and

| ower, the | ead screw 32 the desi red anmpunt for pl acenent of conponent on
the.board. As the lead screwis lowered, thebrollers 46 in contact with the
flat sides 48 of the | ead screw 32 prevent 10 axi.al rotation of the |ead
screw 32. After the conmponent has been placed on the board, the nmachi ne

control i1l 1SVehggateExp HRASEedOpRAleta il sl dutil PR, e

pl.acenent head. I'ne con
conponent in sequehth thehphpeaced Géﬁdmﬁﬁbén@n@QQHﬂ§%%mpo fhan tthekness)
will, after the pbﬁsegaehthaaddr eeekyoest e c@ﬁﬁb@é@ﬂ:’t £rom 2 dduer ) the

motor the right n we d scriew 22 1o
depth fromthe bog?ﬁgtﬁcﬁFgcést58158ﬁp0n5hfrgﬁ%%ﬁé'b& é%? ﬁ#?%n ga%age
to the conponeht thethembeardf pnlshssrngnn&ﬁd.ath&n§&;WR|MR¥QE3 Mkl can

raise the pl ace”EPthEQdahe issa' ¥G 2 2803RAN el URe 150 G IDVEe t he
.conponent to the required position for Iacenent on the bq@r%_éie board.

CLAIMS: 1. A dr¢9élﬁﬁéh3ﬁP§ﬁFf &Prr a|1§i°ﬁg‘eaﬁd°| oRAMBeg e

As the lead screw is lowered, the rollers 46 in contact
with the flat sides 48 of the lead screw 32 prevent
10 axial rotation of the lead screw 32.

i After the component has been placed on the
board, the machine control will reverse servo motor 10
and'raiée the lead screw and thus the placement head.
Thereafter, the machine control, knowing the next

15 component in sequence to be placed (and thus know the
component thickness) will, after the placement head
receives the component, pulse the servo motor the right
number of times to lower the lead screw 32 to the right
depth from the board to place the component on the board

20 without damage to the component or the board. 1In this
manner, a simple drive member can raise the placement
head to receive a component from a source and lower the
component to the required position for placement on the
board.

25



Qlacenent head for placing electronic conmponents onto or into ptinted
Circuit boards conprising; |ead screw neans; the bottom of said'lead screw-
means being adapted to attach to the placenment head of the machine; neans ¢
for vertically displacing said | ead screwsgeans including; 10

franme means; a bearing assenbly supported by said frane neans and s
conprising a pulley and, nounted on the pulley a lead nut in threaded -
engagenment w th gandmsead screw said bearing assenbly having a hol e t her er’
15 through which™sard | ead screw nmeans extends; servo notor neans; drive
belt neans interconnecting said servo notor neans and said pulley for
rotatively drividg sahddréwd methaaddmsfod kadstngeand Lowkmndhgganeans for

preventing tatLQn, Ld.l.ea L peans_where rotation of
sai d | ead néga&Fﬁﬁageg%Fg f%Ltﬁghg%rgrg%?%&??%ﬁgcgﬁgﬁFnSFgéapagPegﬁ screw
neans. 2. intor pvéntedhadrcmiscbonttdsgcomprliaingl wherein 25 said

prevent Png nmeans CO”P&Eéﬂssé§egeﬁ§EnQ?e roller contacting a flat surface of

said | ead screw neans. 3. A dri've mechanism substantially as hereinbefore
described with referekb® PBtEAM 8 SRddnlead: REra¥cBRpaAYPR§NSOadRRERAYS.

to attach to the placement head of the machine;
means for vertically displacing said lead screw
means including;

10 frame means; L
a bearing assembly supported by said frame means .
and comprising a pulley and, mounted on the pulley a lead -~
_nut in threaded engagement with said lead screw
said bearing assembly having a hole therein
15 through which said lead screw means extends;
servo motor means; Satd
drive belt means interconnectingL;ervo motor means
and said pulley for rotatively driving said lead nut, and
said frame means including means for preventing
20 the rotaticn of said lead screw means whereby rotation of
said lead nut will result in the vertical displacement of
said lead screw means. |
2. A drive mechanism according to claim 1 wherein L,/
25 said preventing means comprises at least one roller
contacting a flat surface of said lead screw means.
3. A drive mechanism substantially as hereinbefore
20 described with reference to and as shown in the accompanying

drawings.
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