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57) ABSTRACT 
The present invention relates to a method and appara 
tus for simultaneously assembling a plurality of elon 
gated contacts within corresponding apertures pro 
vided in a printed circuit board. According to the as 
sembly techniques of the present invention, an entire 
row of elongated contacts are initially manually in 
serted into corresponding rows of P.C. board aper 
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tures with the aid of a hand tool. In the present inven 
tion, the printed circuit board is mounted on a car 
riage of an insertion machine. The initially inserted 
row of contacts partially protrudes through the P.C. 
board and is received in jaws of a vise. In the oper 
ation of the insertion machine, the vise jaws close and 
grip the row of protruding contacts. Sequentially, a 
limited and precisely adjusted relative motion is ef 
fected between the P.C. board carriage and the vise. 
Such operation causes a corresponding limited and 
precisely controlled relative displacement between the 
inserted row of contacts and the P.C. board, thus forc 
ibly positioning and seating the enlarged, interference 
fit portions of the contacts within corresponding aper 
tures of the P.C. board. In this manner, all contacts of 
the row are precisely positioned simultaneously in de 
sired registration within the printed circuit board. Se 
quentially, the vise jaws are opened, allowing an oper 
ator of the machine to remove the contacts therefrom 
and reposition the P.C. board on the carriage for in 
sertion of another row of contacts. With the board 
thus repositioned, the machine may be reset for a re 
peated cycle of operation. In a modification of the ma 
chine, a mechanism is provided which is actuated after 
opening of the jaws, thereby automatically removing 
the row of contacts from the jaws. The purpose of this 
operation is to provide a substantial clearance be 
tween the P.C. board and the jaws, allowing the opera 
tor to reposition the P.C. board on the carriage with 
out interfering with the vise jaws. With the P.C. board 
repositioned (desirably for insertion of another row of 
contacts) the operator may then reset the machine for 
a repeated cycle of operation. 

6 Claims, 12 Drawing Figures 
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METHOD AND APPARATUS FOR ASSEMBLY OF 
CONTACTS IN A PRINTED CIRCUIT BOARD 

The present invention relates to a method and appa 
ratus for simultaneously assembling a plurality of elon 
gated contacts within corresponding apertures pro 
vided in a printed circuit board. More particularly, the 
present invention relates to a method and apparatus for 
simultaneously inserting and positioning elongated 
contacts in desired registration within corresponding 
apertures of a printed circuit board; the contacts in 
cluding enlarged medial portions designed for an inter 
ference fit within corresponding P.C. board apertures, 
requiring a relatively large insertion force to forcibly 
seat a plurality of the enlarged contacts simultaneously 
within the P.C. board apertures. 

In the prior art, machine assembly of interference fit 
contacts in a P.C. board was accomplished only by in 
serting the contacts one at a time or sequentially in 
small groups, a process requiring a relatively long as 
sembly time. In the operation of a typical prior art as 
sembly machine, the contacts are supplied continu 
ously on a common carrier strip. The machine severs 
one, or a small number of contacts, from the carrier 
strip and forcibly impels the contacts into correspond 
ing apertures in a printed circuit board. Such an assem 
bly technique is relatively time consuming due to the 
step-and-repeat system whereby only one or a few 
contacts could be inserted during one cycle of machine 
operation. As another disadvantage, the step-and 
repeat technique required that the printed circuit 
board be repeatedly indexed in order to position se 
lected apertures thereof suitably for receipt of ma 
chine-impelled contacts. If misalignment occurred dur 
ing indexing, the impelled contacts would miss the P.C. 
board apertures, possibly causing damage to the 
contacts and the P.C. board, and requiring manual ad 
justment and resetting of the machine by an operator, 
which added further to the required assembly time. 
According to the assembly techniques of the present 

invention, an entire row of elongated contacts are ini 
tially manually inserted into corresponding rows of 
P.C. board apertures with the aid of a hand tool. Such 
a procedure eliminates the possibility of misalignment 
during initial insertion of the contacts, which hereto 
fore required resetting of an exemplary prior art inser 
tion machine. Insertion of an entire row of contacts si 
multaneously substantially eliminates the step-and 
repeat indexing of the prior art machine required for 
inserting the equivalent number of contacts in a row. 

In the present invention, the printed circuit board is 
mounted on a carriage of an insertion machine. The ini 
tially inserted row of contacts partially protrudes 
through the P.C. board and is received in the jaws of a 
vise. In the operation of the insertion machine, the vise 
jaws close and grip the row of protruding contacts. Se 
quentially, a limited and precisely adjusted relative mo 
tion is effected between the P.G. board carriage and 
the vise. Such operation causes a corresponding limited 
and precisely controlled relative displacement between 
the inserted row of contacts and the P.C. board, thus 
forcibly positioning and seating the enlarged, interfer 
ence fit portions of the contacts within corresponding 
apertures of the P.C. board. In this manner, all contacts 
of the row are precisely positioned simultaneously in 
desired registration within the printed circuit board. 
This over-comes a disadvantage of the prior art inser 
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2 
tion machine, wherein the step-and-repeat operation 
did not always assure equal registration of all contacts 
of an entire row. Sequentially, the vise jaws are opened, 
allowing an operator of the machine to remove the 
contacts therefrom and reposition the P.C. board on 
the carriage for insertion of another row of contacts. 
With the board thus repositioned, the machine may be 
reset for a repeated cycle of operation. 

In a modification of the machine, a mechanism is 
provided which is actuated after opening of the jaws, 
thereby automatically removing the row of contacts 
from the jaws. More specifically, the mechanism causes 
an additional displacement of the P.C. board carriage, 
which removes both the P.C. board and the inserted 
row of contacts from the vicinity of the vise jaws. The 
purpose of this operation is to provide a substantial 
clearance between the P.C. board and the jaws, allow 
ing the operator to reposition the P.C. board on the 
carriage without interfering with the vise jaws. With the 
P.C. board repositioned (desirably for insertion of an 
other row of contacts) the operator may then reset the 
machine for a repeated cycle of operation. 

It is therefore an object of the present invention to 
provide a method and apparatus for inserting a row of 
elongated contacts within corresponding apertures pro 
vided in a P.C. board, whereby each of the contacts is 
forcibly seated with an interference fit within a corre 
sponding P.C. board aperture. 
Another object of the present invention is to provide 

a method and apparatus for simultaneously inserting 
and precisely positioning a plurality of elongated elec 
trical contacts in desired registration within corre 
sponding apertures of a printed circuit board. 
Another object of the present invention is to provide 

a method and apparatus for simultaneously inserting 
and precisely positioning enlarged medial portions of a 
plurality of contacts in desired registration within cor 
responding apertures of a printed circuit board, with 
the enlarged medial portions being seated with an inter 
ference fit within the corresponding apertures of the 
P.C. board. 
Another object of the present invention is to provide 

a method and apparatus especially suited for simulta 
neously inserting and positioning a plurality of elon 
gated contacts in desired registration within corre 
sponding apertures of a printed circuit board, whereby 
a relatively large insertion force is required to forcibly 
seat the contacts simultaneously within the P.C. board 
apertures. 
Other objects and many attendant advantages of the 

present invention will become apparent upon perusal 
of the following detailed description taken in conjunc 
tion with the accompanying drawings, wherein: 
FIG. 1 is a fragmentary exploded perspective of a 

printed circuit board, a row of elongated electrical 
contacts depending from a common carrier strip and a 
manually operated insertion tool for gripping and align 
ing the contacts for insertion into corresponding aper 
tures provided in the P.C. board; 
FIGS. 2, 3 and 4 are enlarged elevations in section 

illustrating in sequence the operation of a hand tool il 
lustrated in FIG. 1; 
FIG. 5 is a perspective of a preferred embodiment of 

a machine for simultaneously assembling a plurality of 
elongated contacts within corresponding apertures pro 
vided in a printed circuit board; 
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FIG. 6 is a fragmentary plan view of the preferred 
embodiment illustrated in FIG. 5, with parts partially 
broken away to illustrate the details thereof; 
FIG. 7 is an enlarged fragmentary perspective of a 

vise of the preferred embodiment shown in FIG. 5, with 
parts illustrated in exploded configuration to illustrate 
the details thereof, 
FIG. 8 is an enlarged fragmentary perspective of the 

preferred embodiment shown in FIG. 7, with the com 
ponent parts in assembled configuration; 
FIG. 9 is an enlarged fragmentary elevation in section 

illustrating the preferred embodiment shown in FIG. 8 
incorporated into the preferred embodiment of the ma 
chine illustrated in FIG. 5, together with a printed cir 
cuit board and two rows of contacts in initial registra 
tion within corresponding apertures provided in the 
printed circuit board; 
FIG. 10 is an enlarged fragmentary elevation in sec 

tion illustrating selected component parts of the pre 
ferred embodiment of the machine illustrated in FIG. 
5; 
FIG. 11 is an enlarged fragmentary elevation with 

parts partially broken away to illustrate component 
parts of the preferred embodiment of the machine illus 
trated in FIG. 5; and 
FIG. 12 is an enlarged fragmentary elevation in sec 

tion further illustrating the component parts of a pre 
ferred embodiment of the vise illustrated in FIG. 9. 
With more particular reference to the drawings, 

there is shown generally at 1 a portion of an exemplary 
printed circuit board, a first row of apertures 2 and an 
adjacent row of apertures 4. In accordance with estab 
lished practice, each of the holes 2 and 4 are lined with 
a conductive material such as copper or solder coated 
copper. Exemplary conducting printed circuit paths 2' 
and 4' are electrically connected to the linings of the 
corresponding apertures 2 and 4. Electrically conduct 
ing elongated contacts are received in the apertures 2 
and 4 and are soldered in place to make electrical con 
necting with corresponding circuit paths 2' or 4". A 
plurality of exemplary contacts is illustrated generally 
at 6. The contacts are arranged in a continuous row and 
depend from a continuous carrier strip 8. The contacts 
are on center spacings corresponding to the center 
spacings of either the row of apertures 2 or the row of 
apertures 4. 
The present invention relates to the assembly of ex 

emplary contacts 6 within a corresponding row of aper 
tures. To begin the assembly operation, the carrier strip 
8 is severed to separate a number of contacts 6 from 
the remainder of the carrier strip and provide a row of 
contacts of a number corresponding to the number of 
apertures 2. It is most advantageous to insert all of the 
selected contacts 6 simultaneously into the correspond 
ing row of apertures 2. Ordinarily it is difficult to retain 
the selected contacts in desired rigid alignment during 
insertion into the row of apertures, thus making simul 
taneous insertion of the contacts a difficult operation. 
Thus to facilitate insertion of the contacts a simple 
hand tool according to the present invention is illus 
trated generally at 10. With reference to FIGS. 1-4, the 
tool includes a pair of opposed elongated rectangular 
jaws 12 and 14 mounted for pivotal displacement 
toward and away from each other. More particularly, 
the tool is provided with a jamb type hinge 16 having 
a pivot 18 pivotally connecting together a pair of hinge 
leaves 20 and 22. One elongated margin 24 of the jaw 
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12 is connected by threaded fasteners 26 to the hinge 
leaf 20 which extends entirely along the elongated di 
mension of the margin 24. In similar fashion, the jaw 14 
has an elongated margin 28 connected by suitable 
threaded fasteners to the hinge leaf 22 which extends 
entirely along the elongated dimension of the margin 
28. The jaws are thus mounted to the hinge for pivotal 
action about the axis of the hinge pin 18. Immediately 
adjacent to the hinge 16 and disposed between the jaws 
12 and 14 is an elongated bearing block 30 extending 
along the entire longitudinal dimension of the jaw 14. 
The bearing block 30 is secured by threaded fasteners, 
one of which is shown at 32 to the jaw 14 and includes 
an undercut relieved notch portion 34 extending en 
tirely along the length of the bearing block 30 and de 
fining an undercut planar bearing surface 36 also ex 
tending along the entire longitudinal dimension of the 
jaw 14. The jaw 14 is further provided with a plurality 
of serrations or teeth 38 along the jaw edge margin 40 
which is arcuately curved to extend the teeth 38 toward 
the opposed jaw 12. The opposed jaw 12 is provided 
with an edge margin 42 which is arcuately curved gen 
erally toward the opposed jaw 14. The serrations 38 are 
of sawtooth configuration having alternate protruding 
and recessed portions. The recessed portions are on 
center spacings corresponding to the center spacings of 
the row of apertures 2 provided in the P.C. board 1. 
Operation of the tool is explained by reference to 

FIGS. 2, 3 and 4. The jaws 12 and 14 are first manually 
pivoted to diverging positions as shown in FIG. 2. The 
selected row of contacts 6 is then manually placed be 
tween the jaws. As shown in FIG. 3, the carrier strip 8 
is disposed generally in the undercut relieved portion 
34 of the bearing block 30 and in abutment against the 
bearing surface 36. The contacts 6 will then register in 
adjacent recessed portions of the serrations 38. The 
jaws are then manually pivoted toward each other so as 
to engage on opposed sides of the contacts 6 and clamp 
the contacts therebetween. Still with reference to FIG. 
3, it is observed that the jaw edge margin 40 is offset 
from and overlies the jaw edge margin 42. This advan 
tageously protrudes the serrations 38 externally of the 
jaw edge margin 42 so that an operator is enabled to vi 
sually observe the correct placement of the contacts 6 
within corresponding adjacent recessed portions of the 
serrations 38. Additionally, the offset configuration of 
the jaw margins 40 and 42 permits offset clamping ac 
tion an opposed sides of the contacts 6 tending to force 
the contacts into the recessed portions of the serrations 
38. With the bearing surface 36 fabricated so it is paral 
lel to the jaw margins 40 and 42, proper alignment of 
the carrier strip and the contacts 6 for registration 
within adjacent serrations is assured. As shown in FIG. 
4, the selected contacts 6 are maintained rigidly in de 
sired alignment in the tool jaws and protrude partially 
therefrom for simultaneous introduction into a corre 
sponding row of apertures 2 of the P.C. board 1. The 
tool thus facilitates simultaneous introduction of the 
contacts 6 into the exemplary row of apertures 2. 
To complete the assembly of the contacts in the P.C. 

board, reference will be made to FIGS. 5-12 in order 
to describe generally an assembly machine according 
to the present invention for inserting and precisely po 
sitioning the contacts 6 in desired registration within 
the apertures of the P.C. board 1. As shown in FIGS. 
5 and 6, the machine is generally shown at 44 and in 
cludes a table 46 on which is mounted a rectangular, 
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open box enclosure defined by sidewalls 48. A carriage 
50 is mounted on the enclosure 48 and includes a pair 
of bearing blocks 52 pivotally mounted on an elongated 
shaft 54. The carriage 50 includes a pair of outboard 
mounted rods 56 and another pair of rods 58 on op 
posed sides of the enclosure 48. Bridging between the 
bars 56 and 58 are a pair of elongated rails 60 and 62. 
The rail 60 is mounted on bearing blocks 64 which are 
freely slidably received over the rods 56 and 58, re 
spectively, allowing for reciprocating adjustment of the 
rails 60 on the rods. The rail 62 is mounted on each of 
its ends to blocks 66 and 68. The block 66 is fixedly se 
cured to the ends of the rods 56. As shown in FIG. 11, 
one rod 58 is provided thereover with a worm drive 
configuration 70 and is of reduced diameter with re 
spect to the first rod 58. The worm drive 70 is freely re 
ceived through both the bearing block 68 and the rail 
62 for connection through a gear train 72 to a manually 
driven hand wheel 74 rotatably mounted to the bearing 
block 68. 
The rail 62 initially overlies and is freely received in 

registration against a support table 76 fixedly secured 
to the enclosure 48. Upon the aforementioned pivotal 
motion of the carriage 50 about the shaft 54, the rails 
60 and 62 and the sliding bars 56 and 58 will be pivot 
ally elevated with respect to the table support 76. The 
mechanisms by which the carriage is pivotally elevated 
or displaced is illustrated partially in FIGS. 5 and 6. 
More particularly, the rails 56 are freely slidably re 
ceived through a bearing block 78. In similar fashion, 
as shown in FIG. 11, the unthreaded slide bars 58 is re 
ceived in a similar bearing block 78'. However, the 
worm drive 70 is threadably received through the bear 
ing block 78. As more particularly shown in FIG. 5, 
the lifting mechanism partially shown at 80 is asso 
ciated with the bearing block 78. A similar lifting 
mechanism is associated with the bearing block 78. 
Details of the lifting mechanisms will be explained in 
detail hereinafter by reference to FIG. 11. 
With reference yet to FIGS. 5 and 6, disposed be 

tween the rails 60 and 62 is a vise shown generally at 
82. The vise is fabricated with a pair of opposed jaws 
shown generally at 84 and 86. The jaw 84 is fixedly se 
cured to the table support 76. The jaw 86 is mounted 
for forcible reciprocation by an enlarged plate 88 serv 
ing as a ram. The ram 88 slidably reciprocates on a pair 
of laterally opposed rails 90. For example, as shown in 
FIG. 6, a tongue and groove sliding joint is fabricated 
for slidably supporting the ram 88 on the side rails 90. 
The side rails 90 are part 0of the enclosure sidewalls 
48. Yet with reference to FIG. 6, a portion of the ram 
periphery is defined by two tapered sidewalls 92. A re 
silient coil return spring 94 is suitably secured at one 
end by a suitable fastener 96 to the enclosure sidewalls 
48, and secured at the other end by a suitable fastener 
98 to a corresponding tapered sidewall 92 of the ram 
88. As shown in FIGS. 6 and 10, the tapered sidewalls 
92 of the ram converge toward an enlarged cylindrical 
piston rod 100 which engages the tapered end of the 
ram 88. The piston rod is part of a conventional force 
multiplying hydraulic cylinder 102 fixedly mounted in 
the back panel wall 97 bridging between the enclosure 
sidewalls 48. The ram 98 is forcibly reciprocated by hy 
draulic fluid supplied to the hydraulic cylinder through 
an inlet manifold illustrated partially at 104. 

In practice, the printed circuit board 1 is placed by 
an operator on the rails 60 and 62. As shown in FIGS. 
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6 
10 and 11, the rails 60 and 62 horizontally support op 
posed margins of the P.C. board 1. For example, the 
P.C. board may be removably secured to the rails in 
any suitable manner by threaded fasteners, C-clamps or 
any other suitable clamping apparatus well known in 
the prior art. With the rail 60 being freely slidably ad 
justable over the rods 56 and 58, the rails 60 and 62 
may be initially spaced apart to accommodate a wide 
variety of P.C. board sizes. In addition, as shown in 
FIGS. 9 and 10, the P.C. board supported on the rails 
60 and 62 will also be supported on the vise jaws 84 and 
86. 
To summarize generally the operation of the machine 

44, either a single row of contacts 6 or two rows of 
contacts 6 are introduced into the apertures 2 or 4 of 
the P.C. board using the hand tool as described. Al 
though the accompanying drawings illustrate two rows 
of contacts being simultaneously inserted within the 
corresponding rows of apertures 2 and 4, it is to be un 
derstood that the machine is well adapted for inserting 
only a single row of contacts in either of the rows 2 or 
4. The rails 60 and 62 are indexed by the hand wheel 
74 to slidably advance the bars 56 through the bearing 
block 78 and 52 while, as shown in FIG. 11, the worm 
drive 70 is threadably advanced through the bearing 
block 78' which threadably receives the worm drive 70. 
Since the rails 60 and 62 are mounted on the bars 56 
and 58, the rails will advance with the bars 56 and 58 
to precisely position the rows of apertures 2 or 4 in de 
sired position over the jaws 84 and 86. The row or rows 
of contacts will then protrude from the P.C. board and 
be received internally of the vise. Hydraulic fluid will 
be supplied through the inlet hose 104 by a suitable 
electric pump (not shown) of any type well known in 
the prior art. The fluid will actuate the hydraulic cylin 
der 102 forcing the ram 88 to slidably displace and 
close the vise jaws 84 and 86 into positive gripping en 
gagement on the row or rows of contacts introduced 
into the P.C. board 1. As will be explained hereinafter, 
a mechanism is then actuated to impart a precisely con 
trolled and limited pivotal displacement of the carriage 
50 about the shaft 54. This causes a corresponding pre 
cisely controlled and limited displacement between the 
P.C. board and the row or rows of contacts gripped and 
maintained stationary by the vise jaws 84 and 86, 
thereby inserting and precisely positioning the contacts 
6 in desired registration within corresponding apertures 
of the P.C. board 1. 
The assembly machine is well suited for inserting and 

positioning any type of electrical contacts arranged in 
rows. It is particularly suited for inserting a row or rows 
of contacts of the type illustrated in the figures wherein 
each of the contacts includes an enlarged medial por 
tion 99 which is designed for interference fit within a 
corresponding aperture 2 or 4. Advantageously, the 
contact medial portion 99 may include a band of solder 
thereover as of the type described in U.S. patent appli 
cation Ser. No. 193,366, filed Oct. 28, 1971, wherein 
the solder band makes the interference fit with a corre 
sponding aperture 2 or 4. The solder bands are then re 
flowed to retain the contacts in place by virtue of solder 
joints in accordance with the teachings of that applica 
tion which are positively incorporated by reference 
herein. Alternatively, not shown, the contact may be of 
the type which does not initially carry a band of solder 
but which is first inserted with an interference fit within 
a corresponding aperture 2 or 4, and then solder is sup 
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plied subsequently by a separate operation to establish 
a solder joint within the aperture. When all of the 
contacts are soldered in place, the carrier strips of each 
row may be removed, leaving the contacts in desired 
alignment and secured in the board. The assembly ma 
chine 44 according to the present invention is thereby 
suitable for simultaneous insertion of a plurality of 
contacts requiring a relatively high insertion force due 
to the desired interference fit within the apertures. The 
machine is also well suited for simultaneous precise po 
sitioning of contacts within the circuit board by impart 
ing a precisely controlled and limited displacement be 
tween the P.C. board and inserted contacts in order to 
precisely position any desired medial portion of the 
contacts within the board. 

Details of the vise and the manner in which it is 
mounted in the machine will be described with refer 
ence to FIGS. 7 and 8. The vise jaws 84 and 86 are illus 
trated in exploded configuration in FIG. 7. The jaws are 
of identical elongated rectangular plate configuration 
and are in opposing relationship. Each of the jaw plates 
is provided with a relatively thick portion 106 extend 
ing horizontally along a peripheral edge margin. The 
relatively thick portion is machined to provide a gener 
ally laterally extending channel 108 extending longitu 
dinally through the relatively thick portion 106. The 
bottom wall 110 of the channel is of the same thickness 
as a relatively thinner remainder 107 of the plate. The 
relatively thick portion 106 defines the channel side 
walls and is machined with a series of spaced slots 112 
extending laterally through the sidewalls of the channel 
108. Each of the slots 112 partially receives therein a 
vertically elongated rectangular bar 114 mounted 
against the bottom wall 110 of the channel portion and 
the face 107 of each jaw 84 or 86. Disposed between 
each of the bars 114 is a first spacer plate 116 of T 
shaped configuration with the opposed arms 118 of the 
T-configuration bridging between the jaws for registra 
tion within a groove 120 in the relatively thin portion 
107 of each jaw 84 or 86. In similar fashion, disposed 
between each of the bars 114 is a second spacer plate 
122 of inverted T-shaped configuration, with the op 
posed arms 124 of the T-configuration in registration 
respectively within a corresponding channel 108 of a 
jaw 84 or 86. As shown in FIGS. 7 and 9, each arm 124 
of the spacer 122 is captivated vertically between the 
sidewalls of the channel 108. The stem 126 of the in 
verted T-shaped spacer plate 122 is disposed between 
the relatively thick portions 106 of the jaws when the 
jaws are assembled in adjacent opposed relationship, in 
a manner to be explained hereinafter. 
with reference to FIGS. 7 and 8, the jaw 86 has asso 

ciated therewith a plurality of stacked pressure plates 
128 each having therethrough a central aperture 130. 
Each of the plates 128 is further provided with a pair 
of spaced protruding bearing surfaces 132 adapted for 
engagement against the external face 134 of the jaw 86. 
A plurality of spacer washers 136 are interposed be 
tween adjacent pressure plates 128, and a cylindrical 
connecting rod 140 is received through the apertures 
130 of the stacked pressure plates 128 and through the 
washers 136. As shown in FIGS. 7 and 8, channel 
shaped end blocks 142 are provided on each end of the 
stacked pressure plates 128 and washers 136, with the 
rod 140 being received in a central aperture 144 pro 
vided in the channel portion 146 of each end block 
142. As a result, a sub-assembly 147 of pressure plates 
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8 
is created from the stacked plates 128, the interposed 
washers 136 and the channel end blocks 142. 
A similar sub-assembly 147 of pressure plates 128 is 

fabricated for attachment to the jaw 84. Such a subas 
sembly is shown more particularly in FIG. 7, assembled 
to the back of the jaw 84. As shown in the figure, an 
elongated link bar 148 is received in the channel por 
tion 146 of each end block 142 of the sub-assembly. 
One end of the link 148 is apertured at 150 to receive 
an end of the connecting rod 140 therein. The jaw 84 
includes a lateral notch portion 152 slidably receiving 
a medial portion of the link bar 148 therein. On either 
side of the notch portion 152 is a pair of dowels 154 
projecting generally parallel to the longitudinal axis of 
the link bar 148. The dowels receive thereover respec 
tive resilient coil springs 156. 

In the assembly of the vise as shown in FIGS. 7 and 
8, the bars 114 and the spacer plates 122 and 116 are 
assembled against the surface 107 of the jaw 84 as 
heretofore described. Then the jaw 86 is assembled 
over the bars 114 and the spacer plates 116 and 122, 
placing the jaws 84 and 86 in adjacent opposed rela 
tionship as shown in FIG.8. The link bar 148 will be re 
ceived slidably through a lateral notch portion 152" 
provided in the jaw 86, which notch portion is similar 
to the notch portion 152 of the jaw 84. On either side 
of the notch portion 152' is provided a reduced diame 
ter aperture 154' which receives an end of a corre 
sponding dowel 154. To complete the assembly of jaws 
as shown in FIG. 8, the sub-assembly 147 is assembled 
over the jaw 86. In so doing, each link bar 148 is par 
tially received in the channel portion 146 of the corre 
sponding end block 142. The connecting rod 140 of the 
sub-assembly is received in a slot 158 of the link 148. 
As shown in FIG. 8, the rod 140 will slidably traverse 
in the slot 158 allowing the jaws 84 and 86 to be dis 
placed slidably along the link 148 toward each other 
against the action of the coil springs 156. Such dis 
placement will compress the coil springs 156 storing 
therein spring energy utilized to slidably displace the 
jaws away from each other along the longitudinal axis 
of the link bars 148. Even with the jaws displaced 
toward each other, the bars 114 thereof remain freely 
slidably vertically between the jaws for a purpose to be 
described. 
With reference to FIG. 8 taken in conjunction with 

FIGS. 9 and 10, mounting of the vise 82 in the assembly 
machine 44 will be described in detail. As shown in the 
figures, each of the pressure plates 128 includes a lat 
eral, projecting flange portion 160 serving as a hangar 
flange for positioning and retaining the vise 82 between 
the table 176 and the ram 88. More particularly, the 
pressure plates 128 assembled to the jaw 84 are re 
ceived against a planar end 161 of the table 176, with 
the hangar flanges 160 of the pressure plates 128 over 
lying the table 76 and vertically supporting the pressure 
plates 128. Advantageously, each of the plates 128 in 
cludes a vertical planar bearing surface 162 against 
which the end 161 of the table 176 impinges. In similar 
fashion, the pressure plates 128 associated with the jaw 
86 are vertically supported by the corresponding han 
gar flanges 160 to the vertically planar end 164 of the 
ram 88, each of the pressure plates 128 being provided 
with planar bearing surfaces 162" against which the pla 
nar end 164 impinges. Thus, with the jaw 84 being sup 
ported on the stationary table 76 and the jaw 86 being 
supported on the ram 88, reciprocation of the ram will 
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slidably displace the jaws toward each other against the 
action of the coil springs 156 as described. 
With reference to FIGS. 9 and 12, receipt of the 

contacts within the jaws will be explained in detail. 
With the P. C. board properly indexed by operation of 
the hand wheel 74 and the worm gear 70, the rows of 
apertures 2 and 4 will be located in desired position 
above the vise 82 such that the row or rows of contacts 
6 protruding from the row of apertures 2 and 4 will be 
received between the vise jaws 84 and 86. More partic 
ularly, each contact will be received in a clearance 
space defined between a corresponding stem portion 
126 of the inverted T-shaped spacer plate 122 and a re 
spective jaw 2 or 4. Each contact will bottom against 
an arm 124 of the inverted T-shaped plate 122. Since 
all of the arms 124 of the plates 122 are in horizontal 
alignment and captivated against vertical movement by 
the jaws as described, all of the contacts 6 will engage 
the arms and be desirably horizontally aligned with re 
spect to one another. In addition the bars 114 desirably 
maintain a selected spacing between contacts. Upon 
forcible closure of the jaws by reciprocation of the ram 
88 as described, each contact 6 will be pinched be 
tween a corresponding jaw and one of the stem por 
tions 126 of the inverted T-shaped spacer plates 122. 
Each contact will thus be positively gripped and re 
tained stationary on desired center spacings and in hor 
izontal alignment with one another by the vise jaws 84 
and 86. The carrier strip will align and space the 
contacts also. 
To describe more in detail the operation of the vise 

82, reference is again made to FIGS. 9 and 10. 
The rectangular bars 114 of the vise 82 vertically de 

O 
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25 

30 

pend from the jaws 84 and 86. Each of the bars 114 is 
provided with a lateral notch portion 166 partially re 
ceived over an end wall 168 of a channel bar 170 which 
horizontally bridges across and receives all of the rect 
angular bars 114 therein. The channel 170 is secured 
by fasteners 172 to a relatively massive horizontal bar 
174 suitably horizontally grooved at 176 to receive 
therein the other end wall 178 of the channel. The mas 
sive bar 174 also is provided with a projecting horizon 
tal portion 180 which overlies and clamps the depend 
ing portion of the rectangular bars 114 against the 
channel wall 168, thereby captivating the notched end 
portions of all the rectangular bars 114. As shown in 
FIGS. 9 and 10, the relatively massive bar 174 is slid 
ably captivated for vertical displacement within a verti 
cal groove 182 provided in a pair of spaced corner 
posts 184 supporting the table 76. 
As shown in FIGS. 5 and 10, each of the corner posts 

184 supports a bearing block 186, which in turn rotat 
ably supports a horizontal shaft 188. The shaft 188 is 
keyed at 189 to each of a pair of relatively massive 
lever arms 190. Each of the lever arms 190 is provided 
with a connecting rod 192 pivotally mounted at one 
end at 194 to the lever arm 190 at a location generally 
offset from the shaft 188. Each connecting rod 192 is 
additionally pivotally connected at the other end at 196 
to the relatively massive horizontal bar 174, thereby 
connecting the relatively massive horizontal bar 174 to 
both of the lever arms 190. Each of the lever arms 190 
is connected at one end by a common pin 198 to a lug 
200 provided on the end of a vertically reciprocating 
piston rod 202 which forms a part of a force multiply 
ing cylinder 204. With reference to FIG. 10, the cylin 
der 204 is of any type well known in the prior art and 
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10 
is suspended vertically by a pin connection 206 to each 
of a pair of vertically elongated hangar plates 208, one 
of which is shown in FIG. 10. Each hangar plate 208 is 
provided with a yoke configuration at one end 210 
which is secured by fasteners 212 to an elongated sus 
pension bar 214 horizontally bridging across and con 
nected to the opposed enclosure sidewalls 48. The bar 
214 includes an internally threaded bore 216 which re 
ceives a complementary threaded shaft 218 therein, the 
shaft being threadably adjusted with a protruding end 
220 serving as a stop against which the lug 200 im 
pinges, whereby vertical travel of the lug 200 is limited. 
Yet with reference to FIG. 10, the lug 200 also is pro 
vided thereon with a limit switch generally shown at 
222 having a lever action closure 224. As shown with 
reference to FIGS. 10 and 11, upon the supply of air 
pressure to the cylinder 204 by a suitable electric pump 
(not shown), which may be of any type well known in 
the prior art, the piston 202 and the lug 200 will be 
forced by the force applying cylinder vertically upward 
toward the protruding stop 220. The lever 224 will en 
gage the stop 220 and be deflected thereby to activate 
the limit switch 222 which returns an electrical signal 
to the electric pump, according to a technique well 
known in the prior art, which signal shuts off the pump 
and extinguishes the supply of air to the cylinder 204. 
The lug and piston will no longer be forcibly actuated 
for vertical travel. However, residual air pressure in the 
cylinder 204 may continue to urge the piston for addi 
tional vertical travel, thus necessitating a correct posi 
tioning of the stop 220 in order to produce a precisely 
controlled and limited vertical travel of the lug 200 si 
multaneous with activation of the limit switch 222. 
Such controlled and limited vertical travel of the lug is 
transmitted by counter-clockwise pivoting of the lever 
arm 190 about the shaft 188, through the connecting 
rods 192 and the horizontal bar 174, to all of the verti 
cally depending bars 114 of the vise 82. As shown with 
reference to FIGS. 10 and 12, all of the rectangular 
bars 114 of the jaws 82 impinge against the bottom of 
the P.C. board 1, horizontally supporting and lifting the 
portions of the P.C. board which are between each of 
the contacts 6. 
Such supporting and lifting action serves to support 

the P.C. board and prevent warpage thereof at the loca 
tion of the contacts 6 when the P.C. board is pivotally 
displaced upon the pivotal displacement of the carriage 
50. Thus the carriage 50 is primarily relied upon for 
displacing the P.C. board with respect to the contacts 
6. Lifting of the rectangular bars 114 of the vise by the 
lifting mechanisms 80 occurs simultaneously with piv 
otal displacement of the carriage in order to support 
the P.C. board and prevent warpage thereof at the loca 
tion of the contacts 6. To further describe the opera 
tion of the lifting mechanism 80, reference will be 
made to FIGS. 10 and 11. As shown in FIG. 11, each 
lifting mechanism 80 includes a connecting rod 226 
connected by a suitable threaded fastener 228 to the 
rotatable shaft 188 which also supports the relatively 
massive lever arms 190. The lifting mechanism further 
includes another connecting link 230 in the form of a 
force multiplying air cylinder 230 which is pivotally 
connected at one end at 232 to the connecting link 
226. At its other end, the air cylinder 230 is pivotally 
connected at 234 to a corresponding bearing block 78 
or 78'. Although only one mechanism 80 is described, 
the other is of identical construction. In operation, the 
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described counterclockwise pivotal action of the rela 
tively massive lever arms 190 will cause a correspond 
ing rotation of the shaft 188. As shown in FIG. 11, such 
rotation of the shaft 188 will cause a corresponding 
counterclockwise and simultaneous pivotal displace 
ment of the links 226, which displacement is trans 
ferred into relatively vertical movement of the cylin 
ders 230 and the corresponding bearing blocks 78 and 
78'. Such vertical movement will accordingly create 
pivotal displacement of the carriage 50 about the shaft 
54. During the lifting operation, the air cylinders 230 
will act as rigid links to insure that pivotal displacement 
of the carriage is created solely upon the counterclock 
wise pivotal motion of the links 226. It is observed in 
FIGS. 11 and 12 that the pivotal action of the links 226 
occurs simultaneously with the pivotal action of the rel 
atively massive lever arms 190, thereby causing the piv 
otal displacement of the carriage 50 simultaneously 
with the lifting and supporting action of the rectangular 
bars 114 of the vise. Thus, the positively limited and 
precisely controlled displacement of the lug 200 by 
stopping it against the adjustably positioned threaded 
stop 220 precisely controls and selectively limits the 
amount of displacement of both the carriage 50 and of 
the rectangular bars 114 of the vise. As a result of 
threadably adjusting the stop 220, a precisely con 
trolled and selectively limited relative displacement be 
tween the P.C. board and the contacts may be effected 
in order to insert and precisely position any selected 
medial portion of each of the contacts 6 within the cor 
responding apertures 2 or 4 of the P.C. board. The de 
scribed lifting mechanisms 80 are capable of applying 
considerable insertion force, which force may be re 
quired to positively insert and seat a plurality of 
contacts of various selected types is desired positions 
within the P.C. board. 
Advantageously, the limit switch 222 may be utilized 

to shut off both the hydraulic pump supplying the hy 
draulic cylinder 102 and the air supply to the cylinder 
204. Upon shut off, the hydraulic pressure will bleed 
from the force multiplying cylinders 102 and 204, caus 
ing the ram 88 to retract by the action of the coil 
springs 94, and further causing the return pivotal dis 
placement of the carriage 50 to its initial position, as 
shown in FIG. 10 on the support table 76. However, be 
fore the carriage 59 has the opportunity to return fully 
to its position as shown in FIG. 10, an operator of the 
machine may desired to retain it in its lifted position in 
order to lift the inserted contacts from the vise jaws and 
index the P.C. board 1 to a new position by operation 
of the hand wheel 74 and worm drive 70. Accordingly, 
as shown in FIG. 1 1, although return pivotal motion of 
the link 226 and the lever arms 190 occurs, the cylinder 
links 230 may be of the type for passive expansion so 
that an operator may lift and thus pivotally displace the 
carriage 50 in order to expand the cylinders and lift the 
inserted row or rows of contacts 6 from the now open 
jaws of the vise, allowing indexing of the P.C. board to 
a new location on the carriage 50. As a modification, 
the expansible links 230 may be in the form of posi 
tively actuated air cylinders each having an internal pis 
ton which is forcibly reciprocated by air pressure to se 
quentially lift the carriage 50 after shut-off of the hy 
draulic motors that supplied the force multiplying cyl 
inders 102 and 204. If positive pneumatic pressure is 
utilized to expand the expansible cylinders 230, the cyl 
inders must be compressed by an operator by pushing 
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12 
down the carriage 50. In the alternative, an electrical 
reset signal may be initiated by an operator of the ma 
chine in order to cause return pivotal displacement of 
the carriage 50 in preparation for recycling the ma 
chine to insert an additional row or rows of contacts in 
the P.C. board as described. For example, the reset sig 
nal may be in the form of a foot treadle switch or any 
other conventional switch. 

It should be understood that design of any desired 
electrical circuit within the abilities of one having ordi 
nary skill in the art may be developed to produce the 
required sequential actuations of, first the pump sup 
plying the hydraulic cylinder 102 which reciprocates 
the ram 88 and closes the jaws of the vise, second the 
pump supplying the hydraulic cylinder 204 which pro 
duces reciprocation of the lug 200 in order to produce 
a precisely controlled and limited displacement of the 
P.C. board carriage 50 and the bars 114 of the vise, 
next the shut-off switch 222 which shuts off the hydrau 
lic pumps to allow opening of the jaws and return dis 
placement of the carriage 50, and then the actuation of 
the pneumatic cylinders 230 for lifting the inserted 
contacts from the opened jaws of the vise in order to 
allow indexing of the P.C. board carriage 50. 
What has been described and shown in detail is a pre 

ferred embodiment together with modifications of the 
method and apparatus according to the present inven 
tion. Other modifications and embodiments are in 
tended to be covered by the spirit and scope of the ap 
pended claims, wherein: 
What is claimed is: 
1. A method of inserting contacts in a P.C. board pro 

vided with apertures, comprising the steps of: 
providing a plurality of contacts in serial fashion 
along a carrier strip, 

gripping and aligning each of said contacts in desired 
serial fashion with a comb-like tool, 

introducing simultaneously all of said contacts in cor 
responding apertures of said P.C. board using said 
tool, 

gripping said contacts as they protrude from the ap 
ertures beneath the P.C. board, seating said 
contacts within the apertures of said P.C. board as 
they remain gripped beneath the P.C. board, 

securing said contacts fixedly in place in said corre 
sponding apertures of said P.C. board, and 

removing said carrier strip from said secured 
Contacts. 

2. The method as recited in claim 1, further including 
the steps of locating said P.C. board in alignment with 
a vise, receiving said contacts in said vise upon intro 
duction of said contacts in said apertures of said P.C. 
board, gripping said contacts with said vise, causing rel 
ative displacement between said contacts and said P.C. 
board to seat said contacts in said P.C. board prior to 
the step of securing said contacts fixedly in place in said 
corresponding apertures of said P.C. board. 

3. The method as recited in claim 2, and further in 
cluding the step of removing said P.C. board and said 
contacts from said vise subsequent to the step of caus 
ing relative displacement between said contacts and 
said P.C. board, and wherein the step of securing said 
contacts fixedly in said corresponding apertures further 
includes the step of soldering said contacts in said ap 
eitures. 



3,800,416 
13 

4. The method as recited in claim 3, wherein the step 
of soldering said contacts in said apertures further in 
cludes the steps of: 
providing a band of solder encircling and adhered to 
each of said contacts while said contacts are pro 
vided in serial fashion along the carrier strip, 

and further including the steps of: 
positioning said bands of solder adhered to said 
contacts within corresponding apertures, and 

5 

14 
in a fixed position while said contacts remain 
gripped by said vise to cause relative displacement 
between said contacts and said P.C. board and to 
seat said contacts in said P.C. board, 

securing said contacts fixedly in place in said corre 
sponding apertures of said P.C. board, and 

removing said carrier strip from said secured 
contacts. 

6. The method as recited in claim 5, wherein the step 
reflowing the bands of solder to form solder joints 10 of securing said contact fixedly in said corresponding 

substantially within the apertures to thereby secure 
the contacts fixedly in place within the apertures of 
said P.C. board prior to the step of removing said 
carrier strip from said secured contacts. 

5. A method of inserting contacts in a P.C. board pro 
vided with apertures, comprising the steps of: 
providing a plurality of contacts in serial fashion 
along a carrier strip, 

gripping and aligning each of said contacts in a de 
sired serial fashion within a comb-type tool, 

locating said P.C. board in alignment with a vise, 
introducing simultaneously all of said contacts in cor 
responding apertures of said P.C. board using said 
tool, 

receiving said contacts in said vise upon introduction 
of said contacts in said apertures of said P.C. 
board, 

gripping said contacts with said vise, 
displacing said P.C. board and maintaining said vise 
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apertures further includes the steps of: 
providing bands of solder encircling and adhered to 
said contacts, 

positioning said bands of solder adhered to said 
contacts within corresponding apertures provided 
in said P.C. board, 

reflowing said bands of solder to form solder joints 
substantially within corresponding apertures to 
thereby secure the contacts fixedly in place within 
the apertures of said printed circuit board prior to 
the step of removing said carrier strip from the se 
cured contacts, and 

further including the step of: 
removing said P.C. board and said contacts from said 

vise subsequent to the step of causing relative dis 
placement between said contact and said P.C. 
board and prior to the step of reflowing the bands 
of solder to form solder joints. 
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