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This 1nvent10n relates generally to improvements in
the art of producing electric current conductors each
havmg a terminal attached to at least one end thereof,
and it relates more specifically to an improved method
of an apparatus for attaching individual socketed tei-
minals to the ends of ¢longated conductors or wires.

The primary object of the present invention is to pro-
vide an improved method of rapidly and effectively at-
taching tubular terminals to the ends of elongated cur-
rent conductors such as metallic wires.

Many different methods and mechanisms for produc-
ing electrical conductors each having an attaching ter-
minal secured to one or both of the extreme ends of a
wire, have heretofore béen proposed and used commer-
c1ally In most cases, the terminals have been formed
of flat sheet metal strips with the successive flattened
terminals laterally interconnected by reduced portions
adapted to be severed or broken so as to separate each
terminal from the supply strip while the terminal is be-
ing fastened to an end of a conductor. 'This procedure

‘was quite satisfactory when applying such flat terminals °°

to the conductor ends, but for certain types of work, it
is desirable to have the terminals formed of tubular
stock with each terminal having an open end socket
within which the end of the conductor must be inserted
axially of the tube and subsequently clamped therein.
This difference in terminal formation requires an en-
tirely different method of feeding and attaching the tu-
bular terminals to the conductors than was heretofore
utilized when applying the flat laterally united terminals
to the wire ends. :

&t is therefore an important object of this invention
to provide a simple but highly efficient method of ap-
plymg and clamping tubular terminals having open end

‘Sockets to the ends of ¢longated conductors such as wires,

with utmost precision,

_ Another important object of the invention is to pro-

‘v1de improved mechanism for effecting rapid and effec-

tive termmal attachment in accordance with the im-

proved method.
These and other more specific objects and advantages

-of the invention will be apparent from the following de-
:scription,

A clear conception of the several steps involved in
tHe improved termiinal attaching method, and of the
-construction and operation of one type of apparatus for
‘facilitating the commercial exploitation of the method,
‘nay bé hdd by referring to the drawings accompanying
‘and forming a part of this specification wherein like

Téférence characters designate the same or similar parts
in the various views. )

Flg 1is 4 side view of an electric motor- driven ‘rél-
'atxvely portable unit for carrying on the séeveral steps

of the present 1mproved méthod ‘of terminal attichmeént;
" Fig.2i52a part sectional top elevation, the section be- -
'mg taken along the line 22 of Fig. 1, showmg the
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normal starting and stopping position and with a ter-
minal gripped in the tools ready to receive a wire end;

Fig. 2a is a section similar to that of Fig. 2, taken
along the line 2a—2a of Fig. 4;

Fig. 3 is a fragmentary enlarged section through the
terminal applying and attaching zome of the unit, simi-
lar to the section shown in Fig. 2, but with- a wire W
inserted into the terminal M and the machine just start-
ing a ‘new cycle, and showing the crimping tools in
action;

Fig 4 is a part sectional front view of the terminal
attaching unit, the section having been taken along the
line 4—4 of Fig. 1, and the detailed showing of the
chain drive having been omitted; :

Fig. 5 is a rear view of the upper portion of the unit
in which the terminal applying zone and crimping mech-
anism are located; ,

Fig, 6 is enlarged fragmentary and part sectional view
taken vertically and centrally through the terminal sup-
ply and positioning mechanism of the unit, and showing
4 tubular terminal in position preparatory to being in-
jected into the attaching zone;

Fig. 7 is a view similar to that of Fig. 6 but showing
the initially positioned terminal engaged by the inject-
ing plunger;

Fig. 8 is a top view of the terminal injecting mecha-
nism posmoned as in Fig. 7; and

Fig. 9 is a greatly enlarged side elevation of a pair

‘of complementary tubular male and female terminals

separated but attached to fragments of the attached wires.

While the improved apparatus has been shown and
described herein as having been embodied in an electric
motor driven relatively portable bench type ‘machine
into which the successive wires are manually inserted,
it is not intended to limit the invention to this specific
type of unit; and it is also contemplated that specific
descrlptlve terms employed herein be given the broadest
possible interpretation consistent w1th the actual disclo-
sure.

As indicated hereinabove;, the gist of the present inven-
tion involves an improved method of attaching a-tubular
or socketed terminal to an end of an elongated current
conductor such as a stranded wire, by initially injecting
the terminal ax1a11y of -its socket and with the open
socket foremost in one. directiod into an attachmg zone
to locate and hold the terminal end in precise position
cenirally and longitudinally relative to the clamping
dies, bysubsequently gathering the strands and insert-
ing'an end of the wire axiaily of the terminal socket
but in the opposite direction into.the prepositioned open
socket end, and by finally permanently fastening the ter-
minal socket to the inserted wire end within the attach-
ing zone while the terminal is free from any influence
which might distort the terminal or cause imperfect at-
tachment of the terminal. In order to éxpedite the ex-
ploitation of the improved method with utmost precision,

the initially injected tubular termimal should be yield-

ingly held against its locating means while the crimpers
function to radially clamp same, after which the inject-
ing device will be withdrawn, and the holding force
should also be utilized but augmented to effect the final
attachment of the terminal, while provision should also
be made to promptly deliver the completed conductors

from the zone.

In the accompanying drawings is shown one type of
apparatus for effectively and expeditiously carrying on
the improved method, and this apparatus comprises in
general, -feeding means for supplying and ln]ectmg suc-
cessive ‘tubular end-socketed terminals axially in one di-
rection into a fixed attaching Zone, together with means

for Tocating each ‘términal in proper position with ut-
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most -precision, means within this zone for frictionally

holding the injected terminals while the injection means -

is being withdrawn, means for gathering and guiding suc-
cessive stranded wires while being axially inserted in the
opposite direction into the sockets of the frictionally-held
terminals within the attaching zone, means for actuating
the terminal holding means to clamp the terminals to the
inserted wire ends, and power means for driving the
various terminal feeding and attaching mechanisms. The
tubular terminals may be either of the type M or of the
complementary type F shown in detail in Fig. 9, and
each of these terminal types is provided with an open
end socket S within which the stripped end of an' insu-
lated multi-strand wire W is insertable and adapted to
be clamped or crimped. .

The improved terminal attaching unit may be driven
by an electric motor 10 through a chain drive which is
adapted to rotate a horizontal power shaft 11 having
a worm 12 keyed thereto, see Figs. 1, 2 and 4.. The
worm 12 drives a worm wheel 13 which is bolted to a
clutch driving plate 314 and a bushing 15 is pressed
firmly within the plate ‘14 and worm wheel 13 so that
when the main clutch is disengaged, the clutch drive as-
semblage is freely rotatable about an upright shaft 16.
The clutch body 17 is firmly secured by a key to the shaft
16 directly above the drive plate 14 and a spring loaded
clutch pin 18 is disposed within an upright groove in the
body 17. The spring coacting with the clutch pin 18

10

slightly away from the rack bar 27 when this bar is in
its' extreme position toward the right as viewed in Fig.
5, for reasons to be later explained. The rack bar 27
coacts with and simultaneously transmits rotary motion
to two parallel pinion shafts 32 as shown in Figs. 1 2,
4 and 5 which also serve to reciprocate a pair of racks
34 shown in Fig. 4 back and forth in opposite directions
relative to the terminal attaching zone of the unit. The
terminal holding and crimping head, which is located
within this fixed zone, is symmetrical relative to its verti-
cal central plane, except for the presence of a wire knock-
out 33, as illustrated in Fig. 4. . o
Four tool holders 35 each carrying an identical crimp-

* ing tool 36 are slidable radially in milled grooves in the
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tends to force this pin against the adjacent surface of

the clutch plate 14; and this plate is provided with a
slot of somewhat greater width than that of the pin 18
so that whenever the plate 14 is rotating, the clutch
pin will drop into this slot unless the pin is otherwise
restrained, and will thus engage the clutch to rotate the
upright shaft 16. .

The main clutch is adapted to be disengaged by a jack-
knife lever 19, the swinging end of which is constantly
urged toward a horizontal annular groove in the body
17 by a tension spring 20 as depicted in Figs. 2 and 4;
but an electric solenoid 21, when energized, is operable
to pull the knife lever 19 out of this groove. The swing-
ing end of the knife lever 19 is chamfered to correspond
with the inclined- surface at mid-portion of the clutch
pin 18, and when the lever 19 is riding in the clutch
body groove and the clutch is engaged, the clutch pin
18 will be retracted and lifted out of the slot in the
clutch plate 14 whenever it engages the chamfered end
of the lever 19. The drive plate 14 will then continue
to rotate, but since the cluich is disengaged, the clutch
body 17 and the shaft 16 to which it is keyed will stop.
However, by momentarily energizing the solenoid 21, the
main clutch may again be engaged to rotate the shaft 16.

Located above the upright shaft 16 is a horizontal
cam shaft 22, which is journalled for rotation in a gear
box 23 secured to and supported by the main clutch hous-
ing. The cam shaft 22 is drivingly connected at its mid-
portion to the upper end of the upright shaft 16 by inter-
meshing bevel gears as shown in Figs. 1 and 4, while
both ends of this shaft project outwardly beyond the box
23 as in Fig. 1. One of the projecting shaft ends car-
ries a small plate cam 24 which functions to operate a
knockout for the final conductors produced by the unit,
while the opposite protruding shaft end carries a pair of
conjugate disk cams 25 for operating the terminal crimp-
ing mechanism and also carries a barrel cam 26 for op-
erating the terminal transfer mechanism. A rack and
pinion assembly is also mounted upon the gear box 23 as
illustrated in Figs. 4 and 5 and positive movement in
both directions is imparted to the rack bar 27 from the
conjugate cams 25 by a cam lever 28. .

'_I’he_ cam lever 28 is connected to the rack bar 27 by an
adjusting stud 29 and plunger 30 which is spring-loaded
by a_stiﬁ compression spring 3% as depicted in Fig. §.
The initial portion of the rack movement is transmitted
through the spring 31 since the plunger 30 is spaced
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box 23 disposed 90 degrees apart, and are retained in
the grooves by gibs; and these tool holders 35 are simul-
taneously movable in opposite direction by links and
levers connected to the racks 34 as depicied in Fig. 4
which also provide a toggle action for effecting final
crimping of the terminal sockets S to the inserfed: ends
of the stranded wires W. A pair of funnel-shaped guides
37 for properly gathering the strands and for inserting
the ends of the wires W into the sockets S of the suc-
cessive terminals M injected into the attaching zone, are
also provided, and these guides 37 are slidable in alined
grooves formed in the rack cover 38 and in the guide
cover 39 secured thereon within which helical compres-
sion springs 48 reacting against pins 41 are confined,
thus spring-loading these guides 37 and urging them
toward each other. B

A pin 42 secured to-each wire guide 37 is adapted
to engage an end surface of the rack cover 32 to limit
the travel of the guides toward each other and to insure
proper axial alinement of the wire guiding surfaces with
the terminal sockets. These pins 42 project inwardly
somewhat beyond the inner surfaces of the guides 37 so
that when the racks 34 are retracted, the ends of these
racks will engage the pins and force the wire guides apart
against the springs 40. The wire knockount 33 is swing-
able about a pivot shaft 43 and derives its swinging mo-
tion from the disk cam 24 carried by the shaft 22 through
linkage and a lever which is urged against the cam sur-
face by a tension spring as clearly shown in Figs. 1, 2
and 4, :

The terminal supply and feed mechanism is best illus-
trated in Figs. 5, 6, 7 and 8, and is operable by the barrel
cam 26 and a lever 44 coacting at one end with the cam
groove as in Figs. 1 and 2. The medial portion of the
lever 44 is pivoted on the box 23, and the opposite swing-
ing end thereof is connected by a link 45 to a reciproca-
ble crosshead 46. The crosshead 46 is fastened to a
square longitudinally movable slide 47 which serves to
produce rectilinear motion of the crosshead and the latter
also reciprocates an elongated spring-loaded terminal
transfer rod 48. In Fig. 6, the transfer rod 48 is
shown in fully retracted position with a terminal M de-
posited in front of the road end ready to be picked up
and injected into the terminal attaching zone between the
tools 36. When the transfer rod 48 is advanced by the
cam 26, lever 44 and crosshead 46, the end of the termi-
nal M remote from its socket S, will enter a counterbore

in the leading rod end and while the terminal is being

" inserted into-same as in Fig. 7, and is backed up against
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a stop lever 50, and further forward movement of the
crosshead 46 is compensated for by a spring 49 interposed
between the crosshead and a collar attached to the rod 48
and which embraces the latter. The complete insertion
of the end of each terminal M within the end counterbore
of the rod 48 is thus assured without subjecting the ter-
minals to excessive end pressure. )

The stop lever 56 is swingably suspended from a pivot
pin 51, and a coil spring 52 coacts with the lever and
constantly tends to make it inactive as a terminal stop but
is prevented from doing so by a plate 53 attached to the
square slide 47. Any forward movement of the slide

!
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taneously 1ower the opposrte lever end suﬁ'ic ntIy to per-
mit the rod 48 to continue its movement and to inject the
engaged terminal M in one direction into the attaching
zone and with its socket portlon S properly positioned
relative to the four holding and crimping tools 36, When
a terminal M has been thus properly positioned, and is
pressed by spring 49 against the inside face of the wire
guidés 37, the terminal M will be frrctlonally grasped by
the tools 36 as will be later- explained, and the transfet
rod 48 must then be retracted immediately into the pon-
tion shown'in Fig. 2, and the socketed end of the properly
posmoned and temporarlly held terminal will be located
against the closed wire guides 37 so that the end of a wire
¥ may be inserted in the opposite direction into the ter-
mimal socket, and a new cycle started.

The successive tubular terminals M are stacked endwisé
upon each other within an upright feed tube 54 carrred
by the box 23 and the lower end of which is communica:
bls Wlth a curved guideway for transferrmg the terminals
frorm vertical to horizontal disposition in front of the rod
48, seé Figs. 6 and 7. The lowermost terminal M of, the
stack normally rests on the shelf or shuttle bladé 56 as
in Figs. 2, 7 and 8. The shuttle blade 56 is actiated by
a gpring 57 tending to urge it forwardly and is activated
in reverse direction by a set screw 58 carried by thé plate
53, and is also located beneath a latch 55 which has a
siot 55’ through which the términais M pass as in Fig, 7.
‘When the slide 47 begins its forward movement, the plate
53 and set screw 58 will advance forwardly thus permit-
ting the spring 57 to move the shuttle blade 56 forwardly
so’as to close the terminal feed opening beneath the tube
54, and as this forward movement continues, the pin 59
carriéd by thé blade 56 engages the réar of the spring-
pressed latch blade 55 and urges it forward so as to release
- the now lowermost terminal M of the stack to drop upon
the lower blade 56. This latch 55 is normally spring
pressed against a pi'n 59 extending upwards from the shut-
tle blade 56 and is so located that when the latch 55 is
actuated, the inside edge of the slot 55° will clamp the tet-
minal M resting upon the lowermost terminal M against
the inside of the tube 54, thus frecing the lowermost ter-
minal M whenever shuttle blade 56 is withdrawn. Dur-
ing the return stroke of the slide 47, the latch blade 55
will again clamp the terminal M in the feed tube 54 in
position, and immediately thereafter, the shuttle blade 56
will be withdrawn to allow the terminal M resting thereon
to drop freely by gravity along the arcuate guide into
proper position to be picked up by.the transfer rod 48.

With the motor 10 operating but while the main clutch
has been drsengaged by the lever 19, the unit has stopped
with the elements in the position shown in Flgs 2,4and 5
with the wire guides 37 closed and the crimping tools 36
frrcuonally holdmo a terminal M under pressure from the
spring 31 acting upon the rack 27. The terminal trans-
fer rod 48 has started its return stroke after releasing the
terminal to the tools 3§, and the stripped end of a wire
W may then be inserted through the closed wire guides
37 into the socket S of the frictionally held terminal M.
The solenoid 21 may then be energized with the aid of a
foot-actuated switch or the like, to cause the knife lever
19 to be puiled out of the groove in the clutch body 17,
thereby permitting the clutch pin i8 to drivingly engage
the clutch plate 14 and to thereby rotate the upright shaft
16 and the upper horizontal shaft 22 through the inter-
connecting bevel gears.

As the shaft 22 is thus rotated, the cams 25 pass the
dwell section as shown in Fig. 5, and the spring 31 is fur-
ther compressed until the plunger 39 contacts the rack
bar 27 and this bar continues to move until the tools 36
are fully closed by toggle action, after which the crimping

tools 36 separate and the wire guides 37 also begin to:

separate or open. All of these movements are effected
by the conjugate disk cams 25 mounted upon the shaft
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22 and coactmg wrth the bell crank le 'er 28 a
the, tools. 36 and the wire ghides 37 héve been separated
sufﬁcrently, the cam disk 24 becomes éffective to_swing
the knockout 33 downwardly 50 as 1o posrtrvely eject the -
complefed conductor and to subsequently. returs the knock.
out to inactive position. While the final advancement
and subsétuent, séparation of the tools 36 and gtiides- 37
and removal of a finished conductor by the knackoui 33
is bemg eﬁected the drum cam 26 coacting with the lever
44, link 45, and crosshead 46 returns the rod 48 thereby
causing the s‘l -1f 56 to drop another terniiiial M at the
end of the féturn stroke of rod 48; as shown in Fig. 6.
Then while the crimping tools.36 and the wire guides 37
have started to close again, the now advancmg rod 48
mclfs up and ‘injects the new terminal M into the attach-
iag zone, holding said terminal with spring pressure by
spring 46 against the jnsides of guides 37, and the tools’
36 continile to move mwardly so as to frrctlonally engage

iHe mJected and properly positioned terminal M; while thé
rod 48 retracts and the machine stops. During this stop-
page of the machine, the momentary frictional holdrng
of thé terminal M Wrthm the attaching zone is effected by
the spring 31 coacting with the plunger 30 of the rack
assemblage 27 shown in Fig. 5, and after the fools: 36
have engaged the terminal sccket S, the. cam-actuated
lever 28 dwells.

After another wire W has beén inserted w1thm the
socket S, the clutch is again trrpped by the solenoid 21
and the lever 28 starts to move in order to cause the tools
36 to firmly crimp the terminal to the wire end. The
rod 48 of thé transfer mechamsm thereafter contrnues its
return stroke to pick up another terminal M‘as shown in
Fig. 6, and to deliver it to the tools 36 and the operatmg
cycle will be repeatéd again,

From the foregoing detailed - description of the con—
struction and functioniing of the terminal attachmg unit,
it will be apparent that this unit provrdes sxmple but
eﬁectlve mechanism for qulckly carrying on the succes-
sive steps of thé present improved method with utmost
precision. The relatively delicate tubular termmals
which are shown greatly enlarged in Fig. 9. may be either
of the type M at the left or of the type F at the nght
since the above-descrlbed mechanism will function equally
well when handlrng eithér- of these types 4and the w. 'e
stock is composed of numérous: strands which are ga :
ered by the guides for proper- insertion within the terminal
sockets. When the machine is operating, the stop lever
50 functions to properly position the terminals M within
the end of the rod 48, and the guides 37 properly locate
the terminals within the attachmg zone, as well as locate
and guide the wire strands into the terminals, while the
knockout 33 posmvely removes the final conductor with-
out bending or marring the same. The various parts of
the 1mproved machine are also conveniently adjustable
so as to insure accurate performance, and the invention
has gone into highly satisfactory and successful opera-
tion for the production of diverse types of conductors
havmg tubular terminals M or F secured to wires W as
in Fig. 9.

It should be understood that it is not desired to limit
this invention to the exact steps of the method or to
the precise details of the apparatus shown, for various
modifications within the scope of the appended claims
may occur to persons skilled in the art.

I claim:

1. The method of attaching a socketed terminal to an
end of an elongated multi-strand  current conductor,
which method comprises, projecting each terminal axially
in one direction into and holding the terminal within an
attaching zone, gathering the end strands and threading
the gathered end of the wire axially in the opposite direc-
tion within the socket of the held términal within said
zone, thereafter augmenting the holdlng force to clamp
the terminal sacket to the inserted wire end, and finally
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releasing and knocking the completed conductor Iaterally
from within the attaching zone.

-2. The method of attaching successive socketed termi-
,n‘alsi to ends of elongated current conductors, which
method comprises, projecting each individual terminal
axially in one direction into and holding the terminal
within an attaching zone, threading an end of the wire
axially in the opposite direction within the socket of the
held terminal within said zone, thereafter augmenting
the initial holding force to clamp the terminal socket
to the inserted wire end, and finally releasing and knock-
ing the completed conductor laterally from within the
attaching zone.

3. Apparatus for attaching a tubular terminal to an
end of a stranded wire, a reciprocable rod having an end
for injecting the terminal axially in one direction into
an attaching zone, a set of tools operable to frictionally
hold the injected terminal in a fixed position within said
zone, guides operable to gather the end strands of a wire

inserted therebetween in the opposite direction and to

thread the gathered strands into the terminal within said
zone, and means for actuatmg said tools to clamp the
terminal to the inserted wire end.

-4, Apparatus for attaching a tubular termmal to an
end of a wire, means for injecting the terminal axially
in one direction into an attaching zone, means for fric-
tionally holding the injected terminal in definite posmon
within said zone, means for guiding the end of a- wire
in the opposite direction into the tubular end of the held
terminal within said zone, means for actuating said ter-
minal holding means to finally clamp the terminal to
the inserted wire end, and a knockout device for posi-
tively removing the completed terminal and wire assem-
blage laterally from within said 5attachmg zone:

5. Apparatus for attaching a’tubular terminal to an
end of a wire, a reciprocable rod having an end for
injecting successive. terminals axially . in one direction
into an attaching zone, a set of tools operable to fric-
tionally hold each injected terminal in fixed position
within said zone, guides operable to conduct the end of
a wire inserted therebetween in the opposite direction
into the tubular end of the terminal within said zone,
means for actuating said tools to finally clamp the ter-
minal to the inserted wire end, and a device for posi-
tively removing the wire and: terminal assemblage later-
ally from within said attaching zone.

o
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6. Apparatus for .attaching a tubular terminal to an
end of a wire, a reciprocable rod having a counter-bored
end formed to receive and inject the terminal axially in
one direction into an attaching zome, a stop cooperable
with the terminal to insure proper insertion of the termi-
nal within said counter-bored rod end, means for releas-
ing said stop to permit said rod to advance the terminal
into said zone, wire guides cooperable with the injected
terminal to definitely position the latter within said zone,
and a set of tools cooperable with the terminal within
said -zone te frictionally hold the terminal while said
rod is being retracted and to thereafter clamp said termi-
nal to the end of a wire inserted through said guides.

7. Apparatus for attaching a tubular terminal to an
end of a wire, a reciprocable rod having an end formed
to inject the terminal axially in one direction into an
attaching zone, a stop cooperable with the terminal to
insure proper .cooperation of the terminal with the rod,
means for releasing said stop to cause said rod to advance
the .terminal into said zone, wire guides cooperable with
the injected terminal to definitely position the latter
within said zone, a set of tools cooperable with the termi-
nal within said zone to frictionally hold the terminal
while said rod is being retracted and to thereafter clamp
said terminals to the end of a wire inserted through said
guides, and a knockout for positively removing the wire
and terminal assemblage laterally from within said zone.

8. Apparatus for attaching successive individual tubu-
lar terminals to ends of stranded wires, a reciprocable

rod formed fo inject each terminal in one direction into

an attaching zone, a stop cooperable with each terminal
to insure proper coaction with said rod, means for releas-
ing said stop to cause said rod to advance the terminal
into said zone, a wire strand gathering guide for con-
ducting the gathered wire end into the terminal within
said zone, tools cooperable with the terminal within said
zone to frictionally hold said terminal in fixed position -
while said rod is being retracted and while the stranded
wire end is being threaded into the held terminal in said
zone, and means for actuating said tools to clamp the
terminal to said wire end.
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