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s arranged for
the industry,

The invention relates to a technique for
wiring terminals of electrical apparatus or a
module of circuit elements with the aid ‘of
controlled mechanical wire-laying means, in
particular to wire-laying means adapted to carrying
out this technique, as defined by the preamble to
Claim 20, and a terminal configured for use :Ln th:l.s
technique, as defined by the preamble to Claim 28.

In practical applications on electr:.cal. -

apparatus or of a module of circuit elements,
"wiring®” means conne_c{:ing terminals to an electr:.c

wire and making contact with this wire at the -

respective terminal, in order to. establish an
electrical connection, for example - with the

:associated circuit element. This kind of wiring is
required in.the majority of electrical apparatuses
operating in  the low-current range, including
‘electronic switching-controlling and regulating

instruments and in modules of circuit elements,
this latter overall ~ term being understood to
include in particular such elements as printed
circuit boards, plug-in units, etec., which in the

- commercially usual fashion are designed as units

and are intended to be inserted into electrical
apparatuses. For the wiring itself, as a rule
circuit wires, which are provided with '‘a lacquer
coating or a sheath of insulating} “material, or
insulated flexible <cables are used as the
conductors. The conductors, frém which the
insulation is removed at their énds, are connected
in the zone of contact of the respective terminal
by employing various known connecting techniques

" (such as screwing, plug-in connection, soldering,

piercing-clamping technique, crimping) . The
operations required for the wiring are ‘even today
carried out predominantly by hand. This is time-
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consuming and frequently requires trained workers;
the resultant expenses are therefore considerable.

For the sake of more-rational production,

particularly in the manufacture of larger series of

5 1identical electrical apparatuses, it is known to

prepare the conductors or to produce partial or

complete cable harnesses, i.e., to produce a

typical preassembled product, in a first region far

from the electrical apparatus. After that, this

10 preassembled product is mounted in the respective
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apparatus or the £final product. This final
assembly includes basically establishing contact or
connecting the  various conductors of the

preassembled product in the zones of contact of the
15 terminals and laying out and fastening the prepared
conductors or cable harnesses inside the apparatus.
Nowadays automated preparation systems are already
used for preparing the conductors, whereas the
ensuing processing of the prepared conductors for,
20 say, the production of partial or complete géble
harnesses, like theloperations at the proper site
of wiring, are carried out almost exclusively by
hand.
' A number of techniques and systems have been
2s known for the automated production of cable
harnesses (US Patent 4,677,734, German Published
Patent Applications DE-0OS 36 08 243, 36 11 805, 38
20 636, and 38 20 638; and Swiss Patent 598 740),
all of which employ the so-called laying boards and
30 the like. However all these techniques require
very high industrial investments which can be
acceptable only for relatively large series of
apparatuses. In any case, with this technique
there remains the basic problem that the €final
35 assembly of the prepared conductors or cable
harnesses involves considerable expenées for labour
so that the at;ainabie degree of rationalization
remains limited. Besides that, layout of the wires .
within the apparatus often must be chosen with
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proper regard for the preparation of the conductors
or cable harnesses, and this implies 1long layout
lines, detours, branching, loops, and bi-
directional movements of clamping means.

Therefore, the problem underlying the
invention is to create a wiring technique for
electrical apparatus and modules of circuit
elements which makes it possible to substantially
rationalize the wiﬂing work in coﬁparison with
known techniques, while at the same time high
reliability of operation and a reduction of the
chances for mistakes in the wiring are ensured.

In order to solve this problem, the technique
according to the invention has the characteristic
features recited in Claim 1.

The new technique provides for rational
complete automation: of the wiring of electrical
apparatus and modules of circuit elements. It
makes it possible to do without prepared conductors
and partial or complete cable harnesses, because
direct assembly of the conductors is carried out in
the apparatus or the module of circuit elements
proper. It is possible to make contact fully
automatically with. . a conductor in the form of a
continuous wire at terminals provided with
suitable, automation-fitting contact areas and to
lay the conductor out in the wiring work in a well-
defined fashion between the points of connection
and to cut it finally. In this direct mounting of
the conductor, the requisite electrical connections
are produced in series and fully automatically.
Possible continuous wiring, i.e., connecting a
conductor to a number. of terminals,,-,.. means an

_ important advantage. It is in fact poséible to do

35

without the plurality of conductors which in the
past were needed for that purpose. This not only
meang savings in the number of c¢onductors, but also
avoids double connections at connection points and
multiple laying out to the same connection points.
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Since the conductors are laid out directly and
continuously and, since, as mentioned above, the

production of preassembled products, i.e., the

' : preparation of conductors, are redundant, a very
5 high degree of rationalisation is obtained while,

" at the same time, fewer changes of directions are

required in the laying operation proper. Branch

points, loops, etc., which so far were required

with a view to preassembly of conductors or the

10 bundling of conductors in partial or complete cable
harnesses, are to a great extent superfluous. But
in comparison with the state of the art, there are
fewer connection points, which implies increased
reliability of the wiring and reduction of the

15 chances for mistakes. _

In the case of laying long lines of wire in
dependence upon a structure, a support or retention
point can be introduced within the working range of
the wire-laying means and properly placed with

20 respect to the same by means of a relative movement
of the prepared apparatus or module of circuit
elements, with the conductor being introduced by
the wire-laying means into a wire holder at the
support or retention point and affixed thereto. In

25 the resumed direct wiring operation, the conductor
is run from this support or retention point to the
next connection point in the zone of contact of
which contact is once more made with  the wire
which, if necessary, is then cut.

30 In the new technique, contact can be
established with both the beginning and the end of
the wire, as well as with a continuous wire, at the
points of connection which are reached in
-successive controlled movements. Since the

35 beginning of the wire is fixed when the wire 1aying'
operation is started, the strain relief required in
direct laying of the wire can be obtained by simple
forced synchronisation of length of wire paid out
by the wire-laying means in a wire-laying operation
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between the prepared apparatus or the module of
circuit elements and its wire-laying means. The
length of wire paid out by the wire-laying means
may be dimensioned so that the wire laid out
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-between the terminals is completely free of strain.

If necessary, this wire may also be laid . out with
excess length, e.g., in sagging form. If it should
be desirable in certain cases for the wire laid out
between two terminals to be kept under a certain
tensile strain, this may also be achieved by a

‘simple appropriate tuning of the wire-laying means

to the cited relative movement between the
preassembled apparatus or the module of circuit
elements. _

' It is advantageous for practising the novel
wiring technique if by the relative movement
between  ‘the preassembled apparatus or module of
circuit elements and the wire-laying means, the
wire-laying means are transferred only close to the
respective terminal, whereupon the wire-laying
means in a placing movement are transferred into
the proper position relative to the terminal. It
is achieved in this way that the movement of the
wire-laying means along the preset path of wire
laying does not have to ‘satisfy excessive
requirements in regard to accuracy, while, at the
same time, precise initial placement of the
terminals proper or of the coinponents carrying the
same in the electrical apparatus or the electrical
module of circuit elements is unnecessary. The
placement movement required for precise placement
can be imparted to the wire-laying means, which
were transferred close to the respective terminal,
by direct cooperation between a laying tool of the
wire-laying means and the appropriately configured
terminal or guide means provided on the same, to
mention a gquite simple facility. But one may
proceed also in such a way that with wire-laying

]
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means with position-filling means transferred close
to the terminal, the deviation of the wire-laying
means from the position of the terminal is
determined and the deviation is thereafter
automatically compensated. Any sensor means can be
employed to determine the deviation. An image-
processing system associated with the wire-laying
means proved to be particularly convenient for this

purpose, which for recording an image is moved

close to the point of connection and which
comprises image-evaluating means with which  the
compensation of the  deviation is computed,
whereupon there is outputted a  .corresponding
control signal which is processed for controlling
one direction of motion of the wire-laying means.
In principle, the relative motions between the
preassembled apparatus or. module ' of ‘circuit
elements ‘and the wire-laying means, which motions
are required when the novel wiring technique is
practised in direct wiring, can be effected in
various ways. For example, the wire-laying means
may be controlled by a multiaxially movable

manipulator or industrial robot whose movement is .

programmable along at least one axis. Before the

"wiring work is initiated, the preassembled

apparatus or module of circuit elements is arranged
in some stationary position within the working
region of the manipulator or industrial robot.
Assigned to the same is a suitable control unit in
which the path coordinates required for the laying

. Were programmed so that the wire-laying means

perform the required travel and placement movements
and carry out additional functions, such as, for
example, the above-mentioned compensation for

deviations, by means of appropriate system

components (sensor system, etc.).

Alternatively, however, one’ inay proceed by
arranging the wire-laying means in stationary
position or at placement means imparting only a
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positioning  movement, and by moving the
preassembled electrical apparatus or module of
circuit elements by transporting means movable
relative to the wire-laying means. The
transporting means are likewise connected to a
programmable control unit which makes it possible
to fully automatically obtain the appropriate
laying lines for the directly wired conductors.
Therefore the result of the operations is the same.
Which of these two kinds of procedures will be
chosen in a particular case depends, inter alia, on
the type of apparatus or module of c1rcu1t elements
which is to be wired.

The relative movement between the preassembled
apparatus or module of circuit elements, which is
carried out in the manner described for direct
wiring, basically can be chosen in some way in
dependence upon local <conditions within the
apparatus or module of c¢ircuit elements, with
curved lines of laying being possible too. But as
a rule, this relative movement is at least over
sections substantially rectilinear so that straight
lines of 1laying are obtained at least over
sections. _ -

The zones of establishing contact at the
various terminals must be configured to conform to
automation, 1i.e., after their placement at the
respective terminal, the wire-laying means must be
able to introduce the wire fully automatically into
the respective 2zone of contact and to establish
contact within the same. It was recognised  that
this requirement can be met in a particularly
simple way by employiﬁg zones of contact with
contact means acting according to the principle of
the piercing-clamping technique, with the wire
being pressed by the wire-laying means into the
contact means, establishing electrical contact.
The piercing-clamping I[IDC] technique renders a .

‘high-quality electrical connection of the electric
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conductor of the line to be connected with the
contact means because it effects large-area, gas-
i tight contact establishment in the manner of a cold
weld. Since contact with the wire is established

5 immediately after cutting open the insulation,
oxidation of the conductor surface cannot occur as
would be the case when the insulation is removed
from the ends of the conductors in a special
operation prior to establishing contact. For the

10 purpose of attachment, when the wire is pressed in,
the wire is conveniently retained by clamping on at
least one side of the IDC terminal means.
Insertion by pressing-in is advantageously carried
out by exerting a pressing force on the wire on

15 both sides of the IDC means so that when the wire
is pressed in, it ‘remains perfectly aligned and
contact is reliably established and the wire is

“kept clamped.

If there is no cont:l.nuous wire laying at the

20 point of connection, the wire is cut directly at
the wire-laying means or, by appropriate
configuration of the IDC means, directly at the
same, whereby protection against accidental contact

of the wire end with which contact was established

25 is produced at the same time. Since removal of
insulation is redundant, at each point of contact
there is saved a small length of wire in comparison
with other techniques of making connections, which
implies significant savings in the total iength of

30 the continuous line required for the entire wiring.
As already mentioned at the beginning, the

novel fully automated technique of direct wiring
can be employed basically in all electrical
apparatuses and modules of circuit elements without .

35 previous preparation of conductors etc. However,
it was observed that a very interesting application
involves the automated wiring of luminaires or
their parts. As a matter of fact, such luminaires
have a relatively large light box the dimensions of
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which are chosen with proper regard for luminous
elements to be housed therein, such as gas
discharge 1lamps, etc., and also contain some
standardized . associated circuit elements
accommodated in the light box. Today, wiring of
the connection points of these circuit elements is
often done entirely manually; this is expensive and
laborious. .

The novel wiring technique is carried out with
appropriately configured wire-laying means which
make it possible to carry out the various functions
required in the work. An especially suitable
embodiment of such wire-laying means for this
purpose is the object of claim 20 preamble of which
starts from a state of the art as defined by the
wire-laying tools known £from German Published
Patent Applications DE-0S 36 06 059, 36 11 805 and
38 20 636. '

The stated problem is to create wire-laying
means which ensure fully automated, perfect
attachment of, and contact with, the wire at the
respective point of connection.

In order to solve this problem, the laying
tool included in the wire-laying means has the
features according to the invention as recited in
the characterising part of Claim 20.

By arranging a pressure-application member
near the mouth of the guide conduit or guide tube
of the wire for the wire emerging from the mouth
one accomplishes that the wire can be pressed in
the contact area of the point of connection in
aligned and perfectly supported fashion. In this
way high safety of the wiring can be ensured at the
point of connection and, at the same time, any

finishing work becomes superfluous. The zone of

contact at the point of connection is usually
formed in the aforementioned IDC technique, but, in
principle, the new tool can be used £for other
connection techniques as well in which it is
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'important to intrb_duce, particularly to press in,
the end of a wire or a piece of a wire with a
predetermined orientation into a slit or a matching

i's

receptacle of clamping means existing at the -

respective point of connection,

In an advantageous embodimenti... the preasure-
application member is a ram guided for longitudinal
movement along the housing or along a part of the
laying tool joined with the same, with the ram
usually arranged in parallel relationship to the
laying tool's so-called laying £finger configured
likewise as a ram and spaced from the same so that
when the conductor is pressed into the zone of
contact, the conductor is supported at equidistant
points. The mouth of the guide conduit or guide
tube of the laying tool is conveniently situated on
the side of the laying finger*s side facing the
pressure-application member, wherein the pressure-
application member and the laying finger may have
at least in some sections substantially equal width
as measured across the longitudinal direction of
the wire emerging from the mouth of the guide
conduit or guide tube. In this way a very simple
design of the point of connection can be obtained.

In order to cut the wire at the point of
connection, one can use, for example, an IDC
terminal having a cutting egde which acts ‘'when the
wire 1is urged  into the zone of contact. It
suffices in this case to provide the aforementioned
pressure-application member on the laying tool. If
such a cutting edge at the terminal is omitted, it
ig advantageous to provide on the lé.yirig tool
controlled cutting means for the wire, which have
at least one movable cutting blade arranged in the
area between the mouth of the guide channel and the
pressure-application member. This cutting blade
may be supported to act directly at the laying
finger, with the edge of the mouth of the guide
conduit being formed as a counterblade. - The
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conductor can be cut near the zone of contact or.
directly in the zone of contact. _
Finally, the laying finger of the laying tool
is wusually affixed to its housing or to a part
5 Jjoined with the same; but it may also be supported
to be movable and mat be coupled to proper setting
means. :
As mentioned above, the novel technique of
direct wiring can be practised in a particularly
10 simple fashion by using terminals the zones of
contact of which are configured to conform to the
so-called piercing-clamping [IDC] technique. This
technique has been described, for example, in the
journal "Messen + Priifen/Automatik” [Measurement +
15 Testing/Automatic Systems], July/August 1982, pp.
491, 492; as to the design of corresponding IDCs or
IDC terminals, reference is made, for example, to
German Méodel-of-Utility Patent DE-GM 88 04 388, to
published French Patent Application 2 330 159 and
20 to US Patent 2,501,187. Based on this prior art,
the stated problem is to create a terminal [point
of connection] to be used in the aforementioned
technique and with application of the above-
mentioned wire-laying means, which terxrminal is
25 designed so that operationally safe contact
establishment and fixation of the connected wire is
ensured in a simple, efficient way and that, at the
same time, automated execution of the technique is
not impeded.
30 In order to solve this problem, the terminal
according to the invention has the features recited
in the characterising part of Claim 28.
: The slit-like or groove-like indentation
'provz.ded at the housing of the clamping terminal
35 = means ensures protected, all-insulated enclosure of
the cut end of the wire, on the one hand, without
need for additional operaﬁions or measures. On the
other hand, if mnecessary, it may form centering
means for the laying finger and/or the pressure-

i
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application member of the laying tool when the wire
is introduced into the zone of establishing
contact. When the wire is introduced, the IDC
terminal itself causes some automatic height
s compensation because it is only important that the
wire be firmly held in the piercing-clamping seat
within a certain range of height variations. _
The housing's insertion slit at the point of
connection may have a width resulting in attachment
10 of a pressed-in wire by clamping so that the wire
is fixed independently of the zone of contact
proper. The indentation in the housing may also be
arranged to be confined on both sides by IDC
terminals or on one or both sides of an IDC

15 terminal.
The technique according to the invention is
described below by way of an embodiment with
{ ' reference to the drawing. In the drawing, there

show: '

20  Fig. 1, a perspective schematic view of a
preassembled light box to be wired according to the
technique of the invention;

Fig. 2, a partial perspective view ‘of the
terminals designed according to the invehtion, for

25 a ballast unit of the light box of Fig. 1, on a
different scale;

Fig. 3, a partial plan view of a terminal of

the arrangement of Fig. 2, on a different scale;
Fig. 4, a plan view corresponding to Fig. 3 of
30 a terminal of the arrangement of Fig. 2, in a

, ; modified embodiment;
Figs. 5-7, side views of a clamp of a terminal
of the arrangement of Fig. 2, taken along the line
V-V of Fig. 3 or of line VI-VI and line VII-VII of
s Fig. 5; . :
Fig. 8, a schematic perspective view of the
terminals designed according to the invention, of
the clamping block of the light box of Fig. 1, on a
‘different scale;
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Fig. 9, a perspective view of the terminals
according to the invention, of a lamp socket of the
light box of Fig. 1, on a fifferent scale;

Fig. 10, a schematic side view of a system for

s practising the technique according to the invention
with the aid of an industrial robot;

Fig. 11, a plan view of the system of Fig. 10,

Fig. 12, a schematic side view of a system for
practising the technique according to the invention

10 with the aid of a portal-type manipulator;

Fig. 13, a schematic side view of a further
embodiment of a system for practising the technique
according to the invention, wusing a manipulator
with a movable transport table;

15 Figs. 14 - 20, a schematic sectional
representation of the laying tool of the system
according to Figs. 10 and 11, in its placement
relative to the point of connection of a ballast
unit of the 1light box of Fig. 1, illustrating

20 wvarious chronologically successive phases of the
technique according to the invention when the
continuously supplied wire is connected to the
first terminal; '

Figs. 21 - 29, each as a correspohding

25 representation of the arrangement of Figs. 14-20,
chronologically successive steps of the technique
after attachment of the wire end, during laying of
the wire to the next terminal, while making
contact, and the subsequent cutting of the wire at

s0 this point of connection;

Fig. 30, a schematic plan view of the light
box of Fig. 1 in the state of wiring after
conclusion of the part of the wiring illustrated by
way of Fig. 14-29, on a different scale; .

35 Figs. 31 - 33, in a representation similar to
that of Fig. 14 to 19, the wire-laying means of the
system according to Figs. 10 and 11, placed
relative to an other ballast unit of the light box
according to Fig. 1, with chronologically

-13-
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successive steps in practising the technique
according to the invention, when the next section
of wiring is being completed; and

Fig. 34, the light box of Fig. 30 in its sgstate
after completion of the wiring section made with
the technique according to Fig. 31 to 33.

The technique for direct wiring of electrical
apparatuses and modules of circuit elements will be
described below by way of the wiring of a
rectangular light box 1, shown in Fig. 1, for two
rod-shaped gas discharge tubes, not shown in
further detail. For operation the light box is
covered with a transparent acrylic glass hood or
reflector, which is clamped in holder means 2 and
not shown in further detail. '

The light box has already been preassembled
inscfar as the electrical circuit elements required
for accommodating and operating the gas discharge
lamps were firmly affixed to, or screwed onto, the
box bottom 3 in their proper positions according to
a predetermined plan of the layout. As to details,
four lamp sockets 4 of known design are provided in
pairwise facing relationship near the front walls
of the box, and two magnetic ballast units 5 are
associated with each pair and situated
approximately along the centre line of the box
bottom 3, on either side of the wire-inlet openings
in equal distances from the front faces of the box.
A socket of insulating material, which supports a
capacitor 8, is fixed near the wire-inlet openings
6 likewise on the centre line of the box bottom 3.
On the lamp sockets 4, the ballast units 5, and the

"socket 7 of insulating material there are provided

points of connection for electrical wires which are
denoted by 9 at the lamp socket 4, by 10 at the
ballast wunits, and by 11 at the socket 7 of
insulating material. All these points of
connection 9, 10, 11 have a zone of contact

conforming to the IDC technique following the same

| ayi ng of the |line can be-attatfed sinply in that
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Each terminal 10 has a housing 12 of
substantially rectangular cross section, made of
insulating material, mounted on a base 13, likewise
made from insulataing material, so that there is

10 obtained a unitary connection clamp or terminal
which at 14 is attached to a stamped, upward-bent
tab of a baseplate 15 of the ballast unit 5. The
two side walls 16 of the housing 12, which is open
on top, have on their inside two moulded €facing

15 ribs 17 which are situated approximately in the
middle between the two faces 18 of the housing 12
and delimit inbetween a slightly wedge-shaped
ingsertion slit 19 or an insertion slit with
parallel sides (Fig. 6) which flares toward the top

20 in the form of '_ insertion ramps 20. The lower part

" of the insertion slit is locally somewhat broadened
at 21 in a partially circular region. '

Two narrow facing grooves 22 extend from below
approximately to the level of the insertion ramps
26 20, to accommodate the two legs of an IDC terminal
' 25 made from spring steel or spring bronze, with
the legs confining an IDC slit 23 which is open at
the edges. The narrow, plate-shaped, substantially
U-shaped IDC terminal 25 is embedded on all sides

30 in the insulating material of the housing 12 except
for the cutting sections formed on the legs 24 and

" facing the IDC slit 23, with the two legs 24
adapted to be guided for limited movement within
the grooves 22. In a manner not shown in further

35 detail, one end of the winding of the ballast unit
5 iS connected to it. Together with the IDC slit
23, it forms the =zohe of making contact of the
point of connection 20.
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As can be seen particularly from Figs. 3 to 7,
the housing 12 has one groove-like indentation 26
of rectangular cross section on either side of the
ribs 17 and, hence, near the insertion slit 19,
with each indentation opening toward the top of the
housing 12. The two groove-like indentations 26
are aligned with each other and with the insertion
slit 19. On top they are likewise delimited by an
insertion ramp 27. Figures 5, 7 show that the
depth of the groove-like indentations 26 exceeds
that of the insertion slit 19 and that also their
width 28 substantially exceeds the width of the
insertion slit 19.

The dimensions of the wvarious parts are chosen
so that for an insulated conductor pressed in
through the insertion slit 19, the insulation is
cut open in the IDC slit 23 by the legs 24 of the
IDC terminal 25 and that, at the same time, gas-
tight contact is established between the IDC
terminal 25 and the conductor which is being
deformed at the point of clamping. The pressed-in
conductor is at the same time retained clamped in
the ingertion slit 19 between the two ribs 17, and
the flaring section at 21 serves to ensure locking
of the wire by its insulation upon pressing into
the insertion slit 19. The connected wire which
was fixed in this way runs through one of the
groove-like indentations 26, whereas its cut end is
situated within ' the other groove-like indentation
26, as will be described in detail hereinafter.
The width and depth of the groove-like indentations
26 and their axial length are dimensioned so that
protection against accidental contact results
automatically for the cut end of the wire. This
means that, in a test for shock protection, the
standardized sensing finger cannot penetrate to the
bare cut end at the depth of the respective groove-
like indentation 26..
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In the above-described embodiment of the
housing 12, two groove-like aligned indentations 26
are provided on both sides of the insertion slit 19
the widths and depths of which considerably exceed

5 the diameter of the wire to be accommodated. One
can also contemplate omitting one of the groove-
like indentations 26, and this is of interest
particularly if the wire is only run through the

. terminal, as will be explained below. - In certain

10 cases, the two groove-like indentations 26 may even
be omitted.

Fig. 4 shows a plan view of an other
embodiment of housing 12: In this embodiment, there
is only one groove-like indentation 26 which is

15 confined in the housing 12a on both sides by one
pair 17 of ribs each with an insertion slit 19
inbetween and by a contact element 25 protruding
with its legs 24 into the same. The ends of each
of the pair of ribs are moulded to be flush with

20 the side walls 1l6a in the housing 1l2a and have
their insertion slits 19 aligned with the
longitudinal axis of the groovelike indentation 26.

While in the embodiment of Figs. 2 and 3 a cut
end of a wire is situated near the zone of contact

25 formed by the IDC element 25 (see, for example,
Figs. 27-29), in the embodiment of Fig. 4 it is
ensured that the cut end will be within the zone of
contact defined by the two IDC terminals 25, i.e.,
within the housing 12a which is closed on all sides

30 except for the insertion slit.

The terminals 11 which are arranged on the
base 7 of insulating material are basically of the
same design as the terminals 10, as can be inferred
from Fig. 8. Reference is therefore made to the

35 description pertaining to Fig. 2 to 7. Identical -
parts have the same reference numbers.

A total of three terminals 11 are arrahged on
the base 7 of insulating material; two of them are
combined to form a connection-clamp unit which is
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denoted by 28 and has a unitary housing 12b.
Clamps for internal connection to the terminals of
the capacitor 8 are indicated .at 29.

The design of the terminals 9 of the lamp
sockets 4 is basically identical with the design of
the terminals according to Fig. 2, 3. Therefore,
in Fig. 9 identical parts are characterised by the
same reference numbers and reference is made to the
description pertaining to Fig. 2, 3.

While the housings 12, 12b at the points 10,

11 of contact (Fig. 2, 8) point with their

ingsertion slits 19 and the groove- 1:.ke indentations

26 in the longitudinal direction ‘of the ballast -

unit 5 or of the starter 6 and, hence, of the
bottom 3 of the light box (Fig. 1), the arrangement
of the lamp sockets 4 is such that the housings 12
are mounted on a fastening base 30 of the
respective lamp socket 4, with insertion slits 19
and groove-like indentations 26 extending
perpendicular to the longitudinal extent of the gas
discharge lamps to be inserted and, hence, of the
bottom 3 of the lamp box. Therefore, wires to be
connected must be pressed into the insertion slit
19 at the lamp sockets 4 at right angles to the

longitudinal extent of the lamp box 3.

The wiring of the 1light box 1 described in
connection with its circuit elements 4, 5, 7 and

their terminals 9, 10, 11 is effected with the aid

of an industrial robot as shown in Fig. 10, 11 or a
manipulator as shown in Figs. 12, 13 moving the
wire-laying means, as will be described below by
way of Figs. 13 et seq.:

The wire-~laying means, generally denoted by
31, in the system according to Fig. 10, 11 are
mounted on the two-component arm 32 of an
industrial robot 33 which has a column 36 rotatable
about a first stat:.onary vertical axis 34, for
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instance by a stepper motor drive 35, which column
supports' a first arm member 37 connected at its
free extremity with a second arm member 40 through
pifotable bearing means 39 forming a second
5 wvertical axis 38 parallel with the first axis 34 of
~ rotation and incremental drive means, with the
outer extremity of the second arm member supporting
the wire-laying means 31. The two drives 35, 39
can move the second axis 38 of rotation on a circle
10 41 around the first axis 34 of rotation and, with
the arm 32 extended, can move the wire-laying means
31 on a substantially circular path 42; 1lifting
drive means 43 associated with the drive column 36
enable a controlled vertical raisihg and lowering
15 movement of the arm 32 and, hence, of the wire-
laying means 31. The industrial robot 33
cooperates with a stationary work table 44 with an
'1ntegrated .conveying mechanism (indicated by the
arrow 45 in Fig. 10) which facilitates transferr:l.ng
20 in succession preassembled light boxes 1 of Fig. 1
on the horizontal working surface of the work table
44 from a remote standby position at 46 (Fig. 10)
into the working range of wire-laying means 31
confined by the substantially circular path 42, as
25 indicated by the working position of the light box
1 at 47 shown in Fig. 10, 11. In this position 47,
the light box 1 is clamped to the work table 44 in
the proper position. The appropriate clamping
means are of a known type; they are not shown in
30 detail in Figs. 10, 11. within its operating
range, the wire-laying means 31 can be moved by the
programmable industrial robot 33 to any point
within the light box 1 and can be moved along any
preprogrammed, well-defined path inside the light -
3s box 1.
_ Basically the same is at hand when one uses
the portal manipulator 48 shown in Fig. 12 in which
the preassembled light box 1 is clamped in its
proper position on . a light box receptacle 50 on a
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stationary work table. 49 and the wire-laying means

31 are arranged on a carriage 51 which is mounted

at a portal 52 in such a way that it can be freely

programmably moved both in an X direction indicated

5 by a double arrow in the longitudinal direction of

the 1light box and in a transverse Y direction,

likewise indicated by a double arrow. Moreover,

the wire-laying means 31 are mounted on the

_ carriage 51 and adapted to rotate around a vertical

10 axis 53 of rotation (c¢ axis). Each of the axes X,

Y, ¢ of motion, as well as the axis of lifting (z

axis) have associated stepper drive means which,

controlled by a freely programmable control unit,

can transfer the wire-laying means 31 to any point

15 inside the clamped, preassembled light box 31 on
the respective preprogrammed path.

Finally, the relative motion which is required
between "~ the wire-laying means 31 and the
preassembled light box 1 for laying out the wires,

20 i.e., for wiring the points 9, 10, 11 of connection
-of the preassembled 1light box 1, can also be
obtained with the system of Fig. 13. There the
preassembled light box 1 is clamped to an XY table
54 by means of the light box receptacle 50 and each

25 of the axes of its X and Y movements is indicated
by double arrows. The wire-laying means 31 are
held by a placement system 56 mounted above the XY
table 54 on a stationary support 55, with the
placement system adapted to impart ‘to the wire-

30 laying means a lifting movement in the Z direction
(indicated by a double arrow) and a rotational
movement around the +vertical axis 53 (¢ axis).
Also in this case, incremental drive means for
movement along the XY axis and the zc axis act upon

35 the XY table 54 and the placement system 56 and are
controlled by a freely programmable control unit in
such a manner that the wire-laying means can be
moved to any point within the light box 1 along the
respective programmed path.
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The wire—laying' means 31, in turn, basically
comprise a so-called wire-laying tool 57, if
necessary with a multi-component housing 58, which
is mounted on the arm 32 of the industrial. robot 33

5 (Fig. 10) or the carriage 51 (Fig. 12) or at the
placement system 56 (Fig. 13). A vertical laying
finger 59 of substantially rectangular cross
section is arranged on the underside of the housing
58 and includes an L-shaped curved wire-guiding

i 10 channel 62 which opens near a side wall at 60 a
short distance from the flat bottom surface 61 of
the laying finger 59. The wire-guiding conduit 62
(Fig. 14) contained in the laying finger 59 is
continued in housing 57 in the form of a guide tube

15 65 preceded by a belt drive for a wire indicated at
68 and comprising two pairs 66 of belt rollers
(Figs. 12, 13) and endless drive belts 67 wrapped
around them.

The belts 67 are guided as parallel lengths of

20 belt with a small spacing and are coupled via the
belt rollers 66 with an incremental drive imparting
them a controlled driving motion synchronised with
the relative orbital  movement = between the

i preassembled light box 1 and the wire-laying means

25 31, which movement can be obtained by the systems
according to Figures 10 to 13 when producing the
wiring.

- A measurement system preceding the belt drive
means for the wire 68 and comprising a measuring

;o wheel 70 and a drive roller 71 elastically
prestreased into the position of engagement makes
it possible to measure the exact advance of the
wire 68 without any dependence upon the glip

_ developing between the endless belts 67 of the belt

33 drive so that perfect synchronization of the
advance of the wire with the travel of the robot
33, the man:.pulator 48, or the XY table 54 is
ensured. '

-21-
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The laying £inger 59 is usually nonmovably
mounted on the housing 57 but it may also be
mounted to move up and down along the vertical 2Z
axis and may be provided with appropriately

s controllable setting means within the housing 58.
This is indicated by a double arrow 72 in Fig. 12.

As can be inferred from, say, Fig. 14, at a
lateral distance from the laying finger's vertical
flat side face 60 enclosing the mouth 74 of the

10 wire-guiding channel 62, or on the housing proper,
as per Fig. 12, 13, there is arranged a pressure-
application member in the form of a wvertically
movable ram 76 adapted to be moved up and down via
associated drive means mounted inside the housing

i5 58. The movement of the ram 76 is controlled by -
the control wunit according to a program and in
dependence upon the travel of the wire-laying means
'31. A sensor 77 (Fig. 14) coupled with the ram 76
outputs a feedback signal indicating the respective

20 position reached by the ram's 76 bottom face, which
acts as a pressure-application - surface, to the
control unit so that an accurate setting of the
level of the bottom face 78 of the ram 76 relative
to the mouth 74 of the wire-guiding conduit 62 is

25 possible. '

: On the vertical side face 60 of the laying
finger 59 there is mounted a knife 79 adapted to
 move up and down, the drive mechanism of which is
accommodated in the housing 58 and is not shown in

30 detail. Its knife blade 80 (Fig. 16) mounted at

' the lower extremity can be advanced £from the
standby position illustrated in Fig. 14, 16, 17
into an operational position shown in Fig. 27 in
which the wire's 68 end protruding from the mouth

35 74 of the wire-guiding channel 62 is perfectly cut.
For this purpose, the knife Dblade 80 has
transversed the mouth 74, with the underside 81 of
the edge of the mouth of the wire-guiding channel
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62 acting as a counterpiece, as can be directly

:l.nferred from Fig. 27. '
In principle, one can contemplate embod:.ments
in which the knife 79 has a separate associated
5 counterblade which is detached from the laying

) : finger 589.

o With the aid of the above-described wire-
P '~ laying means 31 moved, . for example, by the
industrial robot 33 (¥Fig. 10, 11l) according to a
10 program along predetermined paths, a preassembled
light box 1, which is provided at predetermined
points of the light box bottom 3 with the terminals
3, 10, 11 of the above-described form, is
automatically wired in the following way, with

15 reference being made to Fig. 14 to 34:

An insulated wire 68 drawn, for instance,
continuously from a coil 82 (Fig. 10) is threaded
~into the ‘laying tool of the wire-laying means 31.
It runs between the measuring wheel 70 and the

20 roller 71 and between the two looped belts 67 of
the belt drive and is fed by the same through the
- guide tube 65 into the L-shaped wire-guiding
conduit 62. The belt drive has advanced the
forward end of the wire 68 so far in the manner
25 recognisable from Fig. 12 to 17 that a section 84
(Fig. 17) protrudes from the mouth 74 of the wire-
laying channel 62 and extends under the pressure-
application surface 78 of the ram 76.
A preassembled light box 1 was moved into the
30 operational position 47 of Fig. 10 and into the
operating range of the industrial robot 33 and
clamped there in the correct positicn on the work
table 44 (Fig. 11). The ram 76 is in its raised
standby position as per Fig. 16; also the knife 79
35 is in its standby position above the mouth 74. The
‘belt drive 66, 67 is not moving.

The appropriately program-controlled
industrial robot 33 transfers the wire-laying means
31 with the laying finger 59 from a remote standby
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position to the vicinity of the first point of
connaction which, in ‘this case, is a terminal 10 of
the left ballast unit 5 as per Fig. 1. Oon this
occasion, the laying finger 59 reaches about .the

5 position of Fig. 14 in which it is situated above,
and laterally offset from, the terminal 10.

In this position of the laying finger 59,
position-sensing means in the form of an image-
processing system 85 with its image-recording unit

10 86 arranged on the housing 58 are situated above
the terminal 10. The image-processing system 85
includes means for image evaluation with the aid of
which the deviation of the laying prong's 59 place
from the  terminal 10 is computed and a

15 corresponding compensating control signal is
generated. This signal is processed in the control
unit in such a way that the industrial robot 33 -
or a placement system arranged between the same and

- the wire-laying means 31 in analogy to the

20 placement system 56 of Fig. 13 -~ carries out the
requisite compensation of position variations and
sets the laying f:l.nger 59 into the proper place
relative to the point 10 of connection. Once this
has been achieved, the laying finger 59 assumes the

25 position of Fig. 16 in which it is accurately

) aligned above the housing 12 and its groove-like
indentations 26.

Then ¢the ram 76 moves into its lower
operational position of Fig. 17 in which it rests

30 with its pressure-application surface 78 (provided
on the bottom of a longitudinal groove) on the
wire's end section 84, which was appropriately
advanced out of the mouth 74 of the wire-guiding
channel 92, and puts the same exactly horizontally.

35 If necessary, the end section 84 of the wire can be
moved forward to the end - of the pressure-
application surface 78.

 The laying tool of the wire-laying means 31
and particularly their laying finger 59 and the ram
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76 are simultaneously lowered along the vertical Z
axis. = In doing so, the horizontal end . section 84
of the wire is pressed through the insertion slit
19 of the housing 12 at the terminal 10 into the.
5 IDC slit 23 of the IDC terminal 25 until the wire
section 84 locks itself in the wide part 21 of the
slit (Fig. 6). In this pressing-in motion, an
equally large, uniform pressing force is exerted
from the upper side of the*wire-guiaing channel 62
10 and the pressure-application surface 78 on both
gides of the insertion glit 19 upon the
" horizontally retained end section 84 of the wire so
that the same cannot deviate and perfect
introduction into the zone of making contact at the
15 . terminal 10 is ensured.

In this insertion and pressing-in motion, the
insulation is cut open by the cutting edges on the
legs 24 of the IDC element and perfect contact is
established. The end section 84 of the wire is at

20 the same time fixed in its position - with slight
deformation of its insulation - by the two ribs 17
on both sides of the IDC terminal 25.
At their forward extremity, the ram 76 and the
laying finger 59 are basically of the same width
25 perpendicular to the plane of the drawing (Fig.
12), with the width matching the width of the
groove-like indentations 26 so that perfect three-
dimensional placement of the housing 12 relative to
the laying finger 59 and the ram 76 is ensured when
.30 the wire section 84 is pressed in. Then the
components are in the position as per Fig. 18.
i ' Now the ram 76 rises into its end position or
standby position and releases the end of the wire
section. This situation is shown in Fig. 19.

35 Since the: end of the wire section 84 is
accommodated in the'groove-like indentation 26 wvery
close to the guide groove 19 and since the same has
a length, width and height such that the free front
end of the:  conductor cannot be touched from the

[
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outside, and since the IDC terminal 25 is embedded
in the insulating material of the housing 12 and is
likewise shut off from the outside in all-insulated
fashion, perfect protection against accidental
contact is obtained in this way at the point 10 of
connection.

The control unit now controls the motion of
the industrial robot 33 according to a program in
such a waylthat the laying finger 59 moves from the
terminal 10 at which contact was made to the next
terminal - terminal 11 - on ¢the base 7 of
insulating material along the rectilinear path of
laying which can be inferred from Fig. 30. This is
illustrated in Fig. 20, 21. _

During this, the belt drive 66, 67, controlled
by the control unit, is actuated in synchronism
with this travel of the laying finger 59 so that
laying of the wire without stress is obtained. 1If
necessary, in this travel, also a vertical movement
along the Z axis may be imparted to .the laying
finger 59, for instance, in order to place the laid
wire on the bottom 3 (Fig. 1) or to compensate for
a difference in the levels of the terminals 10, 11,
as indicated in Fig. 22,

In the course of this travel, the laying
finger 59 is at €first transferred only into the
vicinity of the terminal 11, into the position
shown in Fig. 21 or 22 in which the image-
processing system 85 is above the terminal 11 and
can sense its place in space which certainly may be
influenced by unavoidable tolerances in mounting
the components.

As before at terminal 10, the imagé-processing
system 85 now determines the - deviation of the
laying finger 59 from the terminal 11 and, via the
control  unit of the industrial robot 33,
compensates for the ~variation to obtain the
accurate placement of the laying fiﬁger 59 relative
to the terminal 11. As soon as this has been
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accomplished, the components have assumed the
position according to Fig. 23 or Fig. 24. '

Now the ram 76 is lowered from its end
5 position or standby position into the operational
position in which it bears with its pressure-
application surface 78 on the wire's 68 part which
is there horizontally guided and emerges from the
mouth 74 of the wire-guiding channel 62 - see Fig.
10 25, :
After that, the laying finger 59 and the ram
76 are lowered simultaneously in a fixed
relationship with respect to each other and to the
housing 12 of the terminal 11, while- - the wire
15 section 84a extending between the pressure-
application surface 78 and the top of the mouth's
74 edge is supported at two points on both sides of
the zone of contact and pressed into the insertion
slit 19 and the IDC slit 23 until the position of
20 locking (described by way of Fig. 18, 19) has been
reached. 1In this way contact with the wire 68 has
been properly made at the wire section 84a and the
wire 68 is clamped and fixed in the guide slit 19
near the point of connectlon on both sides at its
26 dinsulation.

In the wiring work under consideration, tfle
wire laid in the above-described manner is cut at
the terminal 11. This is done with the knife 79
which moves downwards and -severs the wire 68

30 directly at the wire-guiding channel's 62 mouth 74
which with its edge acts as a counterblade.

As shown in Fig. 27, when the wire 68 is
severed, the laid wire section's end held in the

- 'guide slit 19 of the terminal 11 is bent downwards

35 by the inclined surface 86 adjacent the blade 80 of
the knife 79. This means that the bare front .

surface of the wire is directed toward the bottom

of the enclosing groove-like indentation 26 and, as

a consequence, that - the protection against
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acciderital contact is greatly increased. This

bending causes. at the sane time additional
mechanical attachment of the wire's end at the
terminal 11.

5 Thug, the wiring between the two terminals 10
and 11 has been completed. The knife 79 returns to
its end pos:l.t:l.on or standby position as per Fig.
28.

After that, the ram 76 is returned to its end

10 position or standby position and the laying finger
59 is raised by the industrial robot 33, whereby
the initial position for the next step of wiring
work in in the light box 1 has been reached. This
initial position is shown in Fig. 29.

15 Depending wupon the wiring which has to be
made, the wire 68 can be run through, for example,
the terminal 11. In this case, severing the wire
as per Fig. 27, 28 is not necessary; subsequently
to the state as per Fig. 26, the ram 76 is rather

20 returned to its end position or standby position
(see Fig. 19, 20), whereafter the control unit
according to the program makes the industrial robot
33 move the wire-laying means 31 and, hence, ‘the
laying finger 59 along a programmed, well-defined

25 path to the next point of connection. This will be
briefly explained with reference to Fig. 31 to 33:

The next terminal is once more a terminal 10,
but now it is the one of the right ballast 5 of
Fig. 1. The wire must be run past the ballast 5.

30 As can be inferred particularly from Fig. 2, the
ballast 5 is at its two ends on top provided with
two retaining elements 870 for wires 68. Each of
the comb-like retaining elements 870 is provided
with a row of parallel, continuous locking grooves

35 88 of semicircular cross section into each of which
one wire 68 can be pressed through an insertion
slit 89.

When wire is laid out between the terminals
10, 11 (Fig. 26 and 31), the industrial robot 33
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therefore first transfers the laying finger 59
along a programmed pafh to the wvicinity of the
respective retéining element 870. Once the laying
finger 59 has been placed in the - previously

5 described manner with the aid of the image-
processing system 85, the ram 76 sinks and presses,
either alone or together with the laying £finger 59,
the wire into one of the locking grooves 88. After
that, the ram 76 1is transferred into its end

10 position or standby position; the laying finger 59
rises and is moved to the next retaining element
870 where the same operation ir repeated.

After that, the laying_finger 59 is moved into
the vicinity of the terminal 10 and placed above

15 the same in the previously described manner,
whereafter the ram 76 is advanced until its
pressure-application surface 78 rests on the wire
section 84a emerging from the mouth 74. The
components assume the position shown in Fig. 32.

20 In the ensuing lowering motion of the laying
finger 49 of the ram 76, the wire section 84a is
horizontally aligned and perfectly supported to be
fixed in the above-described manner in the
insertion slit -19, with contact established in the

25 IDC slit 23, and, at the same time, the wire 68 is
bent downward to the level of the IDC terminal 25.
Once contact has been made, the components assume

. the position according to Fig. 33.

i As the next step, the wire 68 elther can be

30 cut (as per Fig. 27) or passed through to the next
point of connection, e.g., a terminal 9 of a lamp
base 4. '

Since in the case of the lamp base 4, the
insertion slits 19 at the points 9 of connection

35 extend across the longitudinal direction of the
iight box, the industrial robot 33 must rotate over
90° the wire-laying means 31 and, more
specifically, the housing 58 of the laying tool 57
with the laying finger 59 and the ram 76, around
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the vertical axis (c axis) before the wire section,
which is bent in this operation, is introduced into
the insertion slit 19 in the above-described
manner. . _

The direct wiring work carried out with the
above-described steps of the technique on the
preassembled light box 1 is illustrated in Fig. 33,
34 for two cases, namely that the wire 68 is cut
after having reached the point 11 of connection
(Fig. 27) or that the wire is passed on beyond this
terminal (Fig. 31).

ThlS Sheet Has Been Replace
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CLAIMS:
R A technique for wiring the points of
connection of electrical apparatus or modules of
5 circuit elements with the aid of controlled
mechanical wire-laying means, wherein the following
operations are carried out: :

- a preassembled electrical apparatus or

module of circuit elements is prepared to have
10 terminals permanéntly arranged therein,

- by means of a relative motion between the
preassembled apparatus or module of circuit
elements and the wire-laying means, a first point
of connection is moved into the working area of the

15 wire-laying means and placed in the proper place
relative to the same, :

- by means of the wire-laying means, the end
of a continuously supplied wire is introduced into
a zone of establishing contact with the first

20 terminal and fixed at that point of connection,
with electrical contact being made,

- by means of an other relative motion each on
a predetermined path between the preassembled
electrical apparatus or module of circuit elements -

25 and the wire-laying means, each additional terminal
is in succession moved into the working area of the
wire-laying means while the wire is laid out and
put inte the propér place relative to the same,
wherein, during each of these relative motions, the

30 wire-laying means pay out at least a length of
continuously supplied wire corresponding to the
path of wire laying between the two respective
points of connection,

- by means of the wire-laying means, the wire

35 -which is continuocusly fed ¢to the same, is
introduced at each point of connection into ‘a zone
of contact of that terminal and, while estabiishing
an electrical contact, is fixed at this point of

connection, and ) :
T
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- the wire which was laid out in this way is
thereafter severed at the end of the path of wire
laying near the respective point of connection.

2. The technique according to Claim 1,
characterized in that by a relative motion between
the preassembled electrical apparatus or module of

circuit elements, a point of support or retention.

is transferred into the operating range of the
wire-laying means and placed properly relative to
the same and that by means of the wire-laying
means, the wire is introduced into wire-holding
means at the point of support or retention and
fixed there.

3. The technique according to Claim 1 or 2,

-characterized in that the wire-laying means are

moved by a multiaxially movable manipulator or
industrial robot the motions of which are
programmable for at least one axis and that the
preassembled electrical apparatus or module of
circuit elements is placed in a stationary position
prior to commencement of the wiring work.

4, The technique according to Claim 1 or 2,
characterized in that the wire-laying means are
stationary or are .arranged at a placement system
imparting a placement motion and that the
preassembled electrical apparatus or module of
circuit elements is moved by transport means
adapted to move relative to the wire-laying means.

5. The technique according to any one of the
preceding claims, characterized in that the length
of wire, which is paid out by the wire-laying means
between two points of connection during a wire-
laying operation, is necessarily synchronised with

the relative movement between ' the  preassembled

*x € L M s =
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.:electr:l.cal apparatiis or module of circuit elements
.and the wire-laying means.

6. The technique according to Claim 5,
characterized in that the length of the wire paid
out is chosen so that the wire laid out between the
terminals is substantially free of tensile stress.

7. The technique according to any one of the
preceding claims, characterized in that in the
relative ‘movement -between the preassembled

.electrical apparatus or module of circuit elements

and the wire-laying means, the wire-laying means
come close to the respective point of connection
and that the wire-laying means are subsequently
placed in a placement motion into the proper
position relative to the point of connection.

8. .The technique accord:.ng to Claim 7,
characterized in that once the wire- laying means
have been moved into the wvicinity of the terminal,
the deviation of the wire-laying means from the
place of the terminal is determined with position-
sensing means and the deviation is thereafter
automatically compensated.

9. - The technique according to Claim 8,
characterized in that for the purpose of
determining the deviation there is used an image-
processing system cooperating with the wire-laying
means, which system - for recording images - is
moved close to the point of connection and which
comprises image-processing means computing the
compensation for the deviation and outputting an
appropriate control signal.

10. The technique ac_cording i:o any one of the
preceding claims, characterized in that after
placing ‘the wire-laying means, an insertion
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movement of a well-defined length is imparted to
the wire near the terminal, by which movement the

_ wire is transferred into the zone of contact of the
i point of connectlon.

11. The technique according to any one of the
preceding claims, characterized in  that the
relative movement between the preassembled
electrical apparatus or module of circuit elements

10 and the wire-laying means is substantially
rectilinear at least over path sections.

12. The technique according to any one of the
preceding claims, characterized in that zones of
15 contact with IDC contact means acting according to
the principle of the insulation-piercing/clamping
(IDC) technique are used and that the wire is
pressed by the wire-laying means into these contact
means, while making electrical contact.
20
13. The technique according to Claim 12,
characterized in that the wire upon being pressed
- in is subjected to a pressing-in force on both
sides of the IDC contact means.
25 :
14. The techrnique according to Claim 12,
characterized in thet the wire is held clamped on
at least one side of the IDC contact means.

30 15. The technique according to any one of the
preceding claims, characterized in that the wire is
cut at the wire-laying means proper.

16. The technique according to any one of
35 Claims 12 to 14, characterized in that the wire is
severed at the IDC contact means.

17. The technique according to any one of
Claims 12 to 15, characterized 'in that the wire is
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cut  between IDC contact means in the zone of
contact.

18. The technique according to any one of the-

5 preceding claims, characterized in that the ends of

the wire are automatically protected in an all-
insulated fashion at the respective terminals.

19. The technique according to any one of the

10 preceding claims, characterized in that it is

employed for the automatic wiring of luminaires or
parts thereof.

20. Wire-laying means, particularly for
15 carrying out the technique according to any one of
the preceding claims, comprising a laying tool with
a housing provided with fastening means, a guide
channel for a wire fed into a laying finger on one
working side of the housing, and controlled wire-
20 advancing means, characterized in that the laying
tool has at least one pressure-application member
(76) arranged near the mouth (74) of the guide
channel (62) for the wire (68) emerging from the
mouth (74), which member is supported' to move
25 substantially across the axial direction of the
guide channel (62) in the mouth region and is
coupled with proper setting means by which it is
adjustable between a standby position far from the
mouth (74) and an operational position in which it
30 projects on one side beyond the edge of the mouth
of the guide channel (62) with a pressure-
application surface (78) aligned with the wire (84)
protruding from the mouth (74) or in which it is
substantially flush with the upper side of the edge

35 of the mouth.

21. The wire-laying means according to Claim
20, characterized in that the pressure-application
member is a ram (76) which is adapted to move in
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guided fashion along the hoﬁsing (58) or a part
joined with the same. :

22. The wire-laying means according to Claim

5 21, characterized in that the ram (76) is mounted

parallel to, and spaced from, the laying. :EJ.nger
(59) wh:.ch is likewise configured as a ram.

23. The wire- laying means according to any
1o one of Claims 20 to 22, characterized in that the
mouth (74) of the guide conduit (62) is arranged
laterally on the laying finger (50) on the side

; facing the pressure-application member (76).

T 24. The wire-laying means according to any
one of Claims 20 to 23, characterized in that the
pressure-application member (76) and the laying
finger (59) have at least over sections basically
the same width measured across the longitudinal

20 direction of the conductor emerging from the mouth
(74) of the guide channel (62).

25. The wire-laying ‘means according .to any
one of Claims 20 to 24, characterized in that
25 controlled means (79) for severing the wire are
provided on the laying tool and have at least one
cutting blade (79) arranged to move within the
region between the mouth (74) of the guide channel
_ (72) and the pressure-application member (76).
30 '
26. The wire-laying means according to Claims
23 and 25, characterized in that the cutting blade
" (79) is supported to act directly at the laying
finger (59) and that the edge of the mouth of the
35 wire-guiding channel (62) is configured as a
~ counterblade.

27. The wire-laying means according to any
one of claims 19 to 26, characterized in that the
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laying finger (59) is supported on the housing (57)
for movement and is coupled with proper setting
means.

5 28. Terminal, particular for use . in the
technique according to any one offClaims 1 to 19
and making use of the wire-laying means according
to any one of Claims 20 to 27, with clamping
terminal means containing the =zone of contact,

10 which means comprise a housing of insulating
material with at least one insertion slit, open at
the edge, for a wire and at least one IDC terminal
mounted inside the housing with an IDC slit open at
the edge toward the side of insertion and aligned

15 with the insertion slit, characterized in that in
the preassembled electrical apparatus or module of
circuit elements, the housing (12, 12a) of the
terminal ‘clamping means 1is arranged with an
insertion slit (19) accessible for the wire-laying

20 means (31); that the housing (12, 12a) on at least
one side near the insertion slit (19) has a slit-
like or groove-like wire-accommodating indentation
(26) the width of which exceeds the width of the
insertion slit (19); and that the dimensions of the

25 s8lit-like or groove-like indentation (26) are
chosen so that near the IDC terminal (25), a £free
end of a wire with which contact is made in the IDC
terminal (25) is accommodated in protected all-
insulated fashion within the slit-like or groove-

30 like indentation (26); and that the slit-like or
groove-like indentation (26) and the housing (12)
match the dimensions of the laying finger (59) and
of the pressure-application member (76) of the
laying tool of the wire-laying means (31).

35

29. The terminal according to Claim 28,
characterized in that the insertion slit (19) has a
width which fixes a pressed-in wire by clamping it.

AT
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30. The terminal according to Claim 28 or 29,
characterited in that the slit-like or groove like
indentation in the hou51ng (12) is arranged for
confinement on both sides by IDC terminals (25).

31. The terminal according to any one of
Claims 28 to 30, characterized in that the slit-
like or groove-like indentation (26) is deeper than
the insertion slit (19).
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ABSTRACT :

5 Wiring work on terminals of electrical
apparatus or modules of clrcult elements is carried
‘out automatically by direct w1r1ng operations. A
preassembled electrical apparatus or module of
circuit elements cbmpriéing points of connection in

10 it is prepared, whereafter, by means of an
automatically guided wire laying tool, a
continuously supplied wire is moved into the zones
of contact of the specially configured connection
terminals, where it is fixed and either severed or

15. passed through for further wiring.
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have a“width that bri ngs. about a clanping fixation of a pre;sﬁg- |r§r,]*J i,r)'géi_ﬁ,_s
that the line is fixed independently of the actual contactifjg 3 .LETE,Q:“ &
‘indentati.on in the housing nmay al so be defined on both sidef.of | - _
contacts or located on one or both sides of an | DC contact. DRAW NGS The
met hod of the invention is described belowin terns of an exenplary.
enbodi ment, in conjunction with the drawing. Shown in the drawing with

respect to an exanple are: _
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13 Fi g’ 1 in a perspective schematic view, a preassenbl ed Ip=gr B ||
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termnal of the affaﬁgenenL~QL_ELg~_2 Fig. 4, a plan view corresponding to
Fig. 3 of aterm he arrangenent of Flg 2, inanodified
enbodi ment; Figs. h em n section taken’ along the lin
Fig. 3, and line VI II-VII of Fig. 5, respectively,
clanplng term nal - ern1na|s of the arrangenent of
Fig. 8 a schematic perspectlve view on a different scale of the tern1na|s
formed according to the invention, of the _ -
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cl anpi ng bl ock of the light box of Fig.

a different scal e,

1, Fig. 9,

in a persp

the term.mal s forned accordlng to the inv

| anmp socket of the light box of Fig. 1; Fig. 10, a schematic !
an apparatus_for_carrying out the nethod of the invention wth the aid of

an i ndustri al

natﬂhrii

robot; Fig.

iilkliiiillfm’i!ﬂ‘eﬂlacad device for ca

11, a plan view of the device of Fig.
rryi ng out

{ THSSE fi)'-ﬂ;g};AS DEEN.

10; Fig.
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. ! )

the method of the invention with the aid of a portal mani pul at gex=Elg. 13

a schematic side view of a further enbodi nent of a device for i
t he*net hod of the invention, using a manipulator, with a novab
table; Figs. 14-20, a schematic detail view of the |aying tool

devi ce of FirgsT— 10 and—ti—showng its association with the
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I1lustrating various chronol ogi cally successive phases in the ouﬁg% éiﬁ% éSBt5
method of the invention upon connecting the endlessly supplied o

first termnal; Figs. 21-29, each in a corresponding view, the arrangenent

of Figs. 14- ZQL_§DQMLng,chLeneLegfcaIIy successi ve steps of the course of

the nmethod after the fjx t| n.ofy the end of the line, during |aying of the

line to the nexfrhiﬁ ﬁ cont acting, _ -
‘ m‘ ' _ 8/19

- 14 -.terminal of a fluorescent |anp choke of the l'i ght box o%

Fig. 15




and ensuing clipping of the line at that termnal; Fig. 30, il Ay8QMiERtids BEEN
pTan view and on a different scale, the light box of Fig. 1 i the RepiAGED
state after the conclusion of the segnent of the wiring illus g
14-29; Figs. 31-33, in views simlar to Figs. 14-19, the line- |aying neans
of the device of Figs. 10 and 11 in association with a further fluorescent
| anp choke of the light box of Fig. 1, illustrating chronol ogi.cally
successive steps in the course of the nethod of the invention in produ0| ng
t he next wiring segnent; and
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Fig. 34, the light box of Fig. 30, in t he state after the p
w ring*segment produced by the nethod of Figs. 31-33. -1

(e
for direct wiring of electrical apparatus el enents and ci rci L : ‘
of the apparatus systens : _

10/1¢

7

1B

| 7} B
17T /

g Z
/&\\\\/12
AP

/
— 23
éﬁ
T2 - — £

- Fig. 9 ..__Fig. 13 -

7 |
—-—‘—/ [ This Sheet Has Been Replaced

“\r ~
-
)




wk I | be described belowin conjunction with the wiring of a rectangul ar_
| i ght "box 1, shown in Fig. 1

. 1, for two rod-shaped gas discharf |
fluorescent |ight bul bs not shown in further detail. For opefa e?%gqngggghAEBEENJ
l'ight box is covered with a transparent or translucent acryl
or

reflector, which.is clanped in place in nounts or retainers 2 and not -
shown in further detail. The |ight-box has al ready been pre- assenbled to -
the extent that the necessary electrical switch elenents for

=

eet Has Been Replaced : 11/19
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recei ving and operating the gas discharge | anps have been s ererFﬁ=¥¢ﬁ;=r::r~
cérrect positions by a predeternmined location plan fixedly §o RIBSHEET HAS BEEN
bottom 3, for instance-being screwed in.place. In detail, fjur aﬁ%Pbﬁﬁﬁét

4 of a known construction are provided in the vicinity of t he end wal 15— of

t he box, each in pairs facing one another, and two magnetic fl uorescent

| anp chokes 5 are assigned to each pair and are | ocked on approximately the

centre line of the box bottom 3, on either side of |ine introduction
openi ngs 6, at : '

—1 ! \‘l
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.equal intervals fromthe end walls of the box. An insulating material base

7'that'carries a capacitor 8 is secured to the box bottom 3

on,its centre line, next to the line introduction openings

at.ndl
oot

. THISrSHERT 194 8EEN

el ectric supply lines are provided on each of the | anp sock@ts 4, REBLAGEDS

5 and insulating material base 7; these termnals are ident

TTed by

reference nunmeral 9 for the |anp sockets 4, reference nuneral 10 for _
bal l asts or chokes, and reference nuneral 11 for the base 7 of insulating -

mat eri al
AT
NS N
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of capacitor 8. These termnals 9, 10 11 are al

principle with a contacting zone in accordance with the |DQ
2 through 9; it
16 -

Their formcan be seen in detai
descri bed below in particular

from Fi gs.
in ternms of the -

designed b

t he same basic

s
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termindl 10 of a choke 5, with reference to Figs. 2 through 7: Each
term hal 10 has a housing 12, nade of

insulating material an
essentially rectangul ar cross section, which is placed on a %—‘jﬁ'spﬁ'?'?'?ﬁ AS BEEN
| i kew se produced frominsul ating naterlal resulting in a unpit tyﬁgpLA

connection clanping termnal that is secured at. 14 to a stanped,
upwar d- bent tab of a baseplate 15 of the choke 5. The two side walls 16 of
t he housing 12, which is open at the top, have on their inside to forned-on
ribs 17 opposite one anot her, which are |ocated approximately in the

15/19
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m ddl e between the two face ends 18 of the housing 12 and between them
define a'slightly wedge-shaped or parallel-sided introduction sl
6), which is widened on its top by neans of introduction bevels
| ower region, the introduction slit 21 is locally w dened somewhgt
region in the shape of part of a circle. Two narrow grooves 22 f
another extend into the ribs 17 from below to approxi mately the hei ght of
the introduction bevels 20; they receive the two | egs -24; defining an |IDC
slit 23 -

1.6 /19
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Fig. 31
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open at the edge of an I DC contact 25 made from spring steel spring

br'onz€.' The narrow, essentially U-shaped | DC contact 25 in thel fgy

smgl| plate is enbedded on all sides in the insulating materi 5ﬁ3%§i§gégBEEN
housi ng 12 except for the clipping segnents fornmed at the | egs=2#3; ;
oriented toward the IDC slit 23; both legs 24 are |imtedly novably QU|ded

In the grooves 22. In a nmanner not shown in further detail, one end of the

wi ndi ng of the choke 5 ics connected to the I DC contact. Togeiher with the

IDC slit 23, the IDC contact forms the contacting zone of the

17/19
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term naLr 10. As can be seen particularly from Figs. 3 through_Z, the.. _
housi ng 12 has one groove-like indentation 26 of rectangular | '“__EZ*

section each on either side of the ribs 17 and hence adj oi ni ﬁq eH%iiCEDBEEN
introduction slit 19, each indentation being open toward the

)
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|
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rof v

i ndentations 26 are |ocated in alignment with one anot her FAS BEEN

of the hou5|ng 12 next to the introduction slit 19. The tmo+E%aﬁ*a
ingroduction slit 19. They are |ikew se defined toward the tiap_hy ERLACED

i ntrgduction bevel 27. Figs. 5, 7 showthat the depth of the groove-Iike
i ndentations 26 is greater than the depth of the introduction slit 19, and
that its width 28 is also substantially greater than the wi-dt 20 't he

i ntroduction sllt 19. The di mensi ons of the individual parts are sel ected
such

Fig. 3k
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that for—an insul ated conductor presseg= = —the—tnt o Si

19, the insulation is cut open in the || EISISHEEZHAS/BESN @EMQEME%SHB%T
contact 25, and at the sanme tine a gasfti ghtRERIAGEDR i ng tp es pI egtym_wm .
the | DC contact 25 and the conductor tfat 15 derorned ot %
poi nt. The pressed-in conductor is sinultaneously firmy c '
insulation in the introduction slit 19 between the two ribs 17, and -t he

wi dening at 21 serves to assure that thé%ine will lock into place in
detent fashion at its insulation upon being pressed

TECHNIQUE FOR WIRING CONNECTIONS OF ELECTRICAL APPARATUS
OR A MODULE OF CIRCUIT ELEMENTS

ABSTRACT

Wiring work on terminals of electrical apparatus or modules of circuit
elements is carried out automatically by direct wiring operations. A preassembled
electrical apparatus or module of circuit elements comprising points (9, 10, 11) of
connection in it is ‘prepared, whereafter, by means of an automatically guided wire
laying tool (31), a continuously supplied wire is moved into the zones of contact of
the specially configured connection terminals (9, 10, 11) where it is fixed and either
severed or passed through for further wiring.

FIG. 14

. This Sheet Has Been Replaced




into the introduction slit 19. The thus-fixed, connected |ijpe=extends
through one of the groovelike indentations 26, (Fig. 2) whiljp
end is located i-n the other groovelike indentation 26, as w
in further detail hereinafter. The width and depth of the gr
i ndentations 26 and their.axial |ength are di nensi oned such S
protection is automatically produced for the clipped end of the line. This
means that a standardi zed sensing prong, in the test for shock-hazard

protection, cannot penetrate as far 419 he bared, clipped end
of the :

......................




tassoci ated groovel i ke indentation 26. - 18 - In the enbpHpgBAceRieNGHEET
housi ng 12 descri bed, two groovelike indentations 26 aligngd
anot her are provided, one on either-side of the introducti

“their wdth and depth are substantially |arger than the di
l'ine

e

2/19 Ny
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to be received.
I ndentations 26, which is particularly worth considering

It is also conceivable to | eave out one o ﬁ%ﬁl&géﬁ“§+c§EET

Ine 1S

nerely being laid continuously through the terminal’,” as W I[gq%gls o2 @ JUL 199%

“described in further detail below |In’individual instance

O N Graguel TKe

i ndentations 26 may even be omtted. Fig. 4 shows a modi fi ed enbodlnent_of

“the housing 12 in plan view
i ndentation 26 is present,

si des by
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zone pair 17 of ribs each with an intervening introduction %ﬁcémm%ﬁ \
contact elenment 25 protruding into the slit with its |egs . Ihe pairs of
ribs are each formed on flush at the ends with the side walls; 16a znstﬂﬂl_m

-“housing 12a and are aligned by their introduction slits 17
| ongi tudi nal axis of the groovelike indentation 26. Wile in the enbodi ment
of Figs. 2 and 3 a clipped end of a line is |ocated next to the contacting
zone fornmed by the IDC el ement 25 (see Figs. 27-29, for instance) /Jn t he

mbodi t of
enbodr mrent 0 THIS SHE AS BEEN
_ 4/19 " RFPLACED
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Fig. 4 it is assured that the clipped end will be |ocated ijrt
zone defined by the two I DC contacts 25, or in other mordsftﬁﬁﬁkQQﬁM?NTS“EET
housing 12a that is closed on all sides except for the jntraducil h[
The termnals 11 |ocated on the insulating naterial base 7 I Rate . 9 JUL...1896..
fundanental |y formed identically to the termnals 10, as cah be Trearned
fromFig. 8. Reference is therefore nade to Figs. 2-7 in ternms of their’

description. Identical elenents are identified o
' THIS SHEET MAS BEEN |
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719 - by the sane reference nunerals. A total of three tern 3 =
| ocated on the insulating material base 7; two of them are j RERIASEMENTOSIBEET

gonnection clanp unit marked. 28, which has a unitlike housifng 12b. Céejms
are indicated at 29 for internal connection to the term nal Ihmethg

.capacitor 8.

-
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The termnals 9 of the |anp sockets 4 are al so fundanental | Fvarent to——
the terminals 10 of Figs. 2 and 3 in design. In Fig. 9, ide FAGEMENR SHEET
are therefore again provided with the sanme reference’ numer alfs ahq-?gge ‘n%gm
is made to the description of Figs. 2 and 3. Wile for the PHE rafts? a0 2 -

(Figs. 2, 8) the housings 12, 12b are however |l ocated with therr

I ntroduction slits 19 and the groovelike indentations 26 pointing

| ongi tudinally of the choke 5 or starter 6 and hence |ongitudinally of .the
i ght box 7119

Fig. 14

870
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botton13 (Fig. 1), the arrangement for the |anp sockets 4 ig=frede—such=that

socket 4, with introduction.slits 19_and groovel i ke i ndent df i ons -2

extending transversely to the |ongitudinal direction of thg @agad4§%§aJHL.EBB
| anps t.0 be used and hence of the |lanp box bottom 3. In the
lines to be connected nust therefore be pressed into the introductlon S|It
19 in such a way that they extend at right angles to the longitudin
direction of the lanp box 3. -—~~f_ ETTJT”““

8/19 | l " ’“j
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The wring of the light box 1, described thus far in terns
elements 4, 5, 7 and their termnals 9, 10, 11, is done wt
i ndustrial robot as shown in Figs. 10, 11 or a nmani pul.ator
“Figs. 12, 13 that noves the line- laying nmeans, as wll be
in conjunction with Figs. 13 ff:

9/19
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-20- The line-laying neans, identified overall by reference rar oL, are. l
seated in the apparatus of Figs. 10, 11 on the two-piece ar CQEPMWEW SHEET
i-ndustrial robot 33, which has a col wm 36 rotatabl & about first zo\ ,J .
stationary vertical axis 34, for instance by a stepping noto QA8 ire g QLJ99C
the colum carries a first armpiece 37, which in the region"of Tts free

end is connected, via a swivel bearing 39 that forms a vertical secor 7

10/19
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i ncrenmental rotational drive, to a second arm pi ece 40, which
| ine-l1aying means 31 on its outer end. The two drives 35, 39 REPDRCEVRRT sHpEY
second pivot axis 38 along a circle 41 about the first -pivot akis. 34 |
the extended state of the arm 32 can nove the line-laying nea -AloRg VYRR, VN
essentially circular path curve 42; a reciprocating drive 43 '
with the drive colum 36 enables a controlled vertical raising and | owering
notion of the arm 32 and thus of the l|ine-laying nmeans 31. the industhbal

robot 33 is assigned a stationary work table 44, with a
R Vi O THIS sg;g/
L

HA% BEEN
ED

870
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+<transport nmechanismintegrated in it as suggested by an arf 0. "
whi ch mechani sm nakes it possible, on the horizontal wor kSRR RHEC

work table 44, to nove successivel y_-preassenbl ed I'i ght boges 1 Oz gi '
“froma renote readiness position at 46 (Fig. 10) to the ofidP@d®€i-n®- ﬁ%#e-

the line-laying neans outlined by the essentially circularpath curve .42,
as is indicated at 47 by the working position of the light box 1 shown in

Figs. 10, 11. In this working position 47, the light box 1 is firmhy
clanmped to the work table 44 in the correct position. Fhe—- /7 -
1219 | THS SHER 5% Beew]
L BZPLACED |

k
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~associ ated cl anpi ng neans are of a known type; they are nof ﬁgpgﬁggmsnﬁgﬂ;;T
in Figs. 10, 11. Wthin its operating range, the line- Iaylyg nea
be nmoved by the programmable industrial robot 33 to any arffi
“inside the light box 1 and can - 21 - be noved al ong any
defined course inside the Iight

13/19

O
o~
=)
L
LN
o~
/ o
( L
D




T pul.a

<=box 1. The situation is fundamentally the same if the portig

shown in Fig. 12 is used, in which the preassenbled |ight iﬁgﬁf §w‘ﬁ%ﬁ?ﬁ"‘
fastened in the correct position on_a |ight box receptacl e}50-on Eﬂﬁ
““stationary work table 49, and the line- laying neans 31 ar Dage ; tgég L ,

carriage 51 that is supported on a portal 52 in such a way that it can be
freely programmbly nmoved both in an X direction represented by

a ubl e
arrow in the longitudinal direction of the light box and in a Y gygg

gyfon

| l THIS / HAS BEEN
14/19 . LACED
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<agai n represented by a double arrow, extending transversely 1o Tt —— Pc.'ﬂ
Moreover, the line-laying neans 31 are rotatably supported1f$ﬁﬁﬁ%§%ﬁ%ﬁ%@%k?
51 about a vertical pivot axis 53 (c axis). Each of the ajes -of - |JUL}996
"Y, c, like the reciprocation axis (z), are assigned their %ﬁﬁ?ngzewenrat“f“

~ stepping drives, which being triggered by a freely progranmabl € contr ol
~unit can nove the line- laying nmeans 31 to any arbitrary point along a
- particular preprogrammed course within the fixedly clanped, prea jﬂgpyéd

i ght box 31.
?/;?eﬁ HAS BEEN
EPLAGED
7/
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P

Finally, the relative notion between the |ine-laying means 3%
preassenbled light box 1 required for line laying, or in oth:-FEMLAGEM@hT HELT
| aying the terminals 9, 10, 11 of the preassenbled |i"ght _box {L, can béso
attained with the apparatus of Fig. 13. Here the preassenble Da@htz EEE
is clanped to an XY table 54 by means of the |ight box recept

axes of notion X, Y of this table are each represented by doubl e arroms

The line-laying nmeans 31 are carried by a positioning device 56, Iqjgfed

above the XY table 54 on a stationary carrier 55; this
16/19 THIS /gfﬁ ;KM@ BEEN
CED
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. device is capable of inparting a reciprocating notion int (hé%u&dﬁ%ﬁ%#@MLh
(represented by a double arrow) and a rotational

i

notion -22- about - ﬁ

vertical axis 53 (c axis) to the |ine-laying nmeans 3%. In fbébggggggﬂumﬁﬂﬁ_l

< well, incremental drives for notion in the XY axis or the ' s

assigned to the XY table 54 and the positioning

THIS SH / S BEEN
17/19 PEAGED
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device 56 and are triggered by a freely programmabl e control ;
a manner that the line-laying neans can be noved to any ar bi {{rBERLAGRMENT SHEET
within the light box 1 along the part-d cul ar progranmred cours. The? g JuL ‘95
line-laying neans 31 in turn have preferably a so- cal | ed|| PHe - ayi-ag~ s
tool 57 with an optionally multiple-part housing 58, which i
the arm 32 of the industrial robot 33 (Fig. 10) or to the carriage 51
12) or to the positioning device 56 (Fig. 13). A vertical | ayRg

of substantially 18/19
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«rectangul ar cross section is |located on the underside of tf REpuﬁ@gg:ﬁ&gﬂﬁﬁT
I ncl udes an L-shaped curved |ine guide conduit 62, which opens out in the
~region of a side wall at 60, a short _distance fromthe flat @ﬁ@;oanQuJﬂﬁﬂB@E.
“of the laying prong 59. The line QUIde conduit 62 (Fig. 14) =
the laying prong 59 is extended in the housing 57 in the forn1of a gui-de
tube 65, to which a belt drive for a!%ige suggest ed at R I, Si
‘two pairs--66-of belt rollers (Figs 13) and endl es§
wr apped around them is assigned.

Fig. 3k




The belts 67, each guided by one side parallel to one anoth
di stance from one another are coupled via the belt rollers

i ntremental drive that inparts a controlled drive notion tolith
synchroni zed with the relative path notion between the prea sk

box 1 and the |ine-laying means 31; this notion can be generated when the

wiring is done by the devices of Figs. 10-13.

1

) | Fms SHEET HAS BEEN
REPLACED

PROCESS FOR WIRING CONNECTIONS OF ELECTRICAL APPLIANCES OR
COMPONENT ELEMENTS

The invention relates to a method for wiring of terminals
of electrical apparatus or. .apparatus systems with the aid of
controlled mechanical line-laying means, in particular line-laying
means arranged for carrying out this method.

The term "wiring® is understood in the industry, in the
case of electrical apparatus or apparatus systems, to mean the
- connecting bf.terminals.to an electric line and the contacting of
this line at the applicable terminal, in order to establish an
electricallconnection, fo;-example with the associated switch
element. This kind of wiring is required in the majority of
elgctrical_appafatuseé;operating in the low-current range,
including electronic_sﬁitch control and regulating equipment and
in apparatus systems, this latter overall term being understood to
include in particular such elements as printed circuit boards,
plug-in packages or modules, etc., which as available on the
market are designed as units and are intended to be inserted into
electrical apparatuses. For the wiring itself, as a rule, switch
wires, which are provided with a lacquer coating or a sheath of
insulating material, or insulated flexible cables are used as the
lines. Connecting the lines, which are insulated at the ends, in
the contacting zone of the respective terminal is done using
various known connecting techniques (such as screwing, plug-in
connectioﬁ,'301deriﬁg, insulation displacement connection method
of termination, and crimping). The operating steps required for

the wiring are even today predominantly done by hand. This is

—_—
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-;53 - - 23 - A neasurenent system preceding the belt drive£
and conprising a measuring wheel 70 and a drive roller 71 el

prestressed in the engagenent position rmakes it possible to!

EFAGENES HEET

&gﬁfl 0v3 FEB 1397

e |

exact feed notion of the Iine 68, regardless of the slip th

bet ween the endl ess belts 67 of the belt drive, so that perfect

synchroni zati on of the line

REPLAGED

THIS SHEET HAS BEEN

time-consuming and frequently requires trained workers; the
resultant expense is therefore considerable.

For the sake of more-rational production, particularly in
relatively large-scale mass production of identical electrical
apparatuses, it is known to prefabricate the lines or to produce
partial or'complete cable harnesses, or in other words a typical
preassembled product, first in a first region, separately from the
electrical apparatus. In a second region,'the insulation of this
preassembled product in the applicable apparatus or end product is
then done. This final assembly includes eésentially the
contacting or connecting of the various lines of the preassembled
product to the contacting zones of the terminals and laying and
securing the prefabricated lines or cable harnesses in the
apparatus. While automated prefabricating devices are already in
use for prefabricating the lines, the ensuing further processing
of the lines that have been produced, for instance to produce
partial or complete cable harnesses, and the operations directly
at the wiring Bite are still virtually without exception done by
hand. '

A number of methods and apparatuées are already known for
automatic production of cable harnesses (US Patent 4,677,734;
German Patent Disclosures DE-OS 36 08 243, 36 11 805, 38 20 636,
and 38 20 638; and Swiss Patent 598 740), all of which employ what
are known as wire-laying boards and the like. However, all these
methods require very major technical effort and expense, which can
be considered only for relatively large-scale mass-production of
equipment. In any case, with this technique the fundamental
problem still remains that the final assembly of the prefabricated
lines or cable harnesses involves considerable labor, and so the
attainable rationalization effect remains limited. Moreover, the

/
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feeding with the displacenment notion of the-robot 33, the Evr‘kﬁ,ah.
or the XY table 54. The laying prong 59 is as arule rigidly secure é ?997
housing 57; it may, however, also be supported so as to be raigabl elahat! B
|l owerable in the vertical Z axis and provided with a suitabl LIrlgg: rﬂh' £

adj usting device inside the-housing 58. This is suggested by a doubl e arrow
72 in Fig. 12. As can be seen for instance fromFig. 14, a pressure nenber
novabl e vertically in the Z axis of a displaceable ram 76, whi

3
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course of the lines in the apparatus must often be chosen with a
view to the prefabrication of the lines or cable harnesses, and
this means long laying paths with detours, branches, loops, and
bi-directional motions of clamping devices.

The -object of the invention is therefore to create a wiring
method for electrical apparatus and apparatus systems that makes
it possible to substantially rationalize wiring compared with
known methods, while at the same time assuring high operating
safety while lessening the possibilities for error in the wiring.

To attain this object, the method according to the
invention has the characteristics of claim 1. i

The new method assures rational complete automation of the
wiring of electrical apparatus and apparatus systems. It makes it Cd
possible'to dispense with prefabricated lines and partial or full
cable harnesses, because it performs direct assembly of the lines
in the apparatus or apparatus system. It is possible to contact a
line in the form of an endless line to be contacted fully
automaticaily to the terminals prdvided with suitable automation-
appropriate contacting zones, lay it in a defined way in the
wiring process between the terminals, and finallf to cut it off.
With this direct assembly of the line, the requisite electrical
connections are automatically produced serially and completely.
The capability of through-wiring, that is, connecting a plurality
of terminals with one line, offers a substantial advantage. It is
in fact possible to dispense with the plurality of lines
previously needed for that purpose. This not only represents
economy in terms of the number of lines but also avoids doubling
up at terminals and multiple laying out of the same terminals,
since the lines are mounted directly and paid-out from a supply, and since as

- already noted, it is unnecessary to produce preassembled products,

Thls Sheet Has Been Replaced -
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i S raisable and lowerabl e via an associated control drive

of the housing 58, is located laterally spaced apart fromtfe ver;qqgl;
58,4991,

fl.at side face 60 of the laying prong 59 that contains the

| ine guide conduit 62 - or on the housing 58 itself as in F
notion of the ram76 is controlled by program by the control
function of the displacenent notion of the Iine-laying neans
77 (Fig. 14) coupled to the ram 76 outputs a check-back sign
the position attained by the bot t om f ace? acting as a

RERLACEMENTOPHEET
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unit as a
A sensor
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or in other words to prefabricate the lines, a very major

rationalization effect is attained, while at the same time fewer
changes in direction in the laying process itself are required.
Branches, loops and the like that were previously needed with a

view to the prefabrlcatlon of lines or combining lines
partial or full cable harnesses, are largely dispensed
- the same time, in comparison with the prior art, there

1nto
with. At
are fewer

" terminals, which increases the w1r1ng safety and reduces the

possibilities of 'error.

When long laying paths are structurally dictated, a support

or retention location can also be brought into operating range of
the line-laying-means and positioned correctly reiative to them by
‘means of a relative motion between the preassembled apparatus or
apparatus system; in that case, by means of the line-laying means,
the line can be inserted into a line mount at the support or
retention point and secured there. From this support or:retention
p01nt, the line is then, in the next direct wiring operation,
carried to the next term1na1 at whose contacting zone it is again -
contacted and clipped as needed.

In the new method, both the beginning and the end of the
line as well as a-continuous line can be contacted at the
corresponding successively contracted terminals. Since the
beginning of the line is fixed at the terminals at the onset of
laying a line, the tensile relief required in direct laying of the
line can be attained simply in that the line length paid out
dﬁfing line-laying between two terminals by the line-laying means
is autematically synchronized with the relative motion between the
Preassembled apparatus or apparatus system and its line-laying
means. The line length paid out by the line-laying means may be
dimensioned as long enough that the line laid between the

Sheet Has Been Replaced
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pressure face 78, of the ram76 to the control unit, so that p&%éﬁh:NTSHEE
adj ustnent of the height of the bottomface 78 of the ram76jre ataﬁ

the mouth 74 of the line guide conduit 62 is possible. Finaljfy,a Vi }; _____ QJSSI
knife 79 is supported such that it can be raised and Iomered

vertical side face 60 of the laying prong 59; its associ ated drlve
mechani sm acconmobdated in the

REPLAGED
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terminals is completely free of tensile strain. If necessary,
this line can also readily be laid with an excess line length, for
example so that it sags. If it should be desirable in individual
cases for the line laid between two terminals to be kept. at a
certain tensile strain, then this can also be achieved by a simple
suitable adaptation of the line-laying means to the aforementioned

- relative motion between the preassembled apparatus or apparatus
system. o '

For practical performance of the new wiring method it is
advantageous if upon the relative motion between the preassembled
apparatus or apparatus system in the line-laying means, the line-
laying means merely come into the vicinity of the applicable
terminal, wﬂereupon next the line-laying means, in a posftioning
motion, are positioned precisely correctly relatively to the
terminal. In this way it is attained that the displacement motion
of the line-laying means, taking place along the path
corresponding to the predetermined laying course, need not meet
overly stringent requirements for accuracy, while at the same .
time, exact prepositioning of the terminals themselves or of the
components carrying them in the electrical apparatus or electrical
apparatus system becomes unnecessary. The positioning motion
required for exact positioning can be imparted to the line-laying
means, which have been brought to the vicinity of the applicable '
terminal, in direct cooperation between a laying tool-of the line-
laying means and the suitably designed terminal, or a guide device
provided on it, to mention a quite simple possibility. The
procedure may also be such, however, that with the line-laying
means brought to the vicinity of the terminal, the positional
deviation of the line-laying means from the position of the

terminal is ascertained with position sensing means, and the
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-24- housing 58, is not shown in further detail. It can be a w&n&w¢EMBNﬁ$HEET
knife edge 80 (Fig. 15) located on its lower end, out of thejjpositi
repose shown in Figs. 14, 16, 17 into a working position sho
in which it has snmoothly clipped the end of the |ine 68 prot
mouth 74 of the line guide conduit 62. To that end, the knife edge 80 has
overtaken the opening of the nouth 74, with the underside 81 of the edge of
the nouth of the |line guide conduit 62 acting as a.counterpart knife,

positional deviation is then automatically compensated for.
Sensing means that are intrinsically arbitrary may be used to
ascertain the positional deviation. BAn image processing system
assigned_to the line-laying means has proved to be especially
practical for this purpose} to take pictures, it is moved near the
terminal, and it has means for image evaluation, in which the
compensation for the positional deviation is calculated, whereupon
a corresponding control signal is output that is evaluated.for
controlling a motion device of the line-laying means.

The relative motions between the preassembled apparatus or
apparatus system and the line- laylng means that are required in
carrying out the new wiring method in the course of the direct
wiring can in principle be produced in various ways. For
instance, the line-laying means may be moved by a multiaxially
mbvable manipulator or industrial robot, whose motion is
programmable in at least one axis. The preassembled apparatus or
apparatus system is then located prior to the beginning of the
wiring in a stationary position within the operating range of the
manipulator or industrial robot. The latter is assigned a
suitable control unit, in which the course coordinates required
for the laying courses are programmed, such that the line-laying
means execute the moving and positioning motions necessary in the
operating process, and by means of suitable system components
(sensor system, etc.), perform further functions, such as the
aforementioﬁed positional tolerance compensation, by means of
suitable system-cohponents {sensor system, etc.).

Alternatively, however, the procedure may be such that the
line-laying means are stationary or located at a positioning
device that imparts merely a positioning motion to them, while the

preassembled electrical apparatus or apparatus system is moved by

-
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as can readily be seen fromFig. 27, for exanple. |In principlREPLAGEMENTESHEET
I'n which the knife 79 is given its own counterpart knife, sgparat egfgoFEBl]ggT
lsayi ng prong 59, are also possible. Wth the aid of the |ingBayi.ng.means........
31 described, which is noved by the industrial robot 33 (Fi'fh
exanpl e, by a program al ong predeterm ned paths of novenent, a preassenbl ed

| ight box 1, which is provided at predeterm ned points of the light b

bottom 3 with the termnal 9, 10, 11 forned as THIS SHEET HAS BEEN
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means of a transport means movable relative to the line-laying
means. The transport means is again connected to a programmable
control unit, which makes it possible to fully automatically
achieve the appropriate laying courses for the directly..wired
lines. The outcome of the work is therefore the same. Which of
these two kinds of procedure will be chosen in a given case
depends, among other factors, on the type of apparatus or
apparatus system to be wired. |
The relative motion between the preassembled apparatus or
apparatus system, produced in the manner described for the direct
wiring, can intrinsically be chosen arb{trarily as a function of
local conditions within the apparatus or apparatus system, and
even curved laying courses are possiblef As a result, however, it
is practical if this relative motion is at least intermittently
substantially rectilinear, so that at least intermittently
straight laying courses result. !
Forming the contacting zones at the various terminals musﬁ
be done-in a way suitable for automation; that is, the line-laying
means must be capable, after their positioning at the applicable
terminal, of introducing the line into and contacting it in the
applicable contacting zone fully automatically. As has been
recognized, this requirement can be met especially simply by using
contacting zones that have contact means operating by the
principle of the insulation displacement connection or contact (IDC)
'method, or IDC technique; the line is pressed into the contact
means by the line-laying means, producing the electrical contact.
The IDC technique produces a very high-quality electrical
connection of the electric conductor of the line to be connected
and the contact means, because it brings about a large-surface

area, gas-tight contacting in the manner of a cold weld. Since
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described, is automatically wired in the followi ng way, th EEEE??ﬁV?Bﬁ SHEET
bei ng nade in conjunction with Figs. 14-34: An insulated liln
i nstance drawn in endl ess fashion froma supply coil 82 (Fi 8 thD‘Q(aFEBBg?

f hr eaded i ntlbisShect HagPeeanReplaed of the |ine-1ayi ng neans 31. Thi s TTne runs

bet ween t he ng 70 and the contact roller 71 and between the

two endl ess b belt drive and is fed by the helt dfrxzﬁ;m

t he gui de tube I nto e L-shaped |ine guide conduit 62} ifitee® ber le Ve

has noved the forward end of the line 68 so far forward, #n theREPLAG |
- 8.

the conductor is contacted immediately after the insulation
is cut, oxidation of the conductor surface cannot occur as
it does it the line end are first insulated-off or stripped
in a separate operation prior to the contacting. For
fixation, the line upon being pressed in suitably firmly is
clamped on at least one side of the IDC contact means. The
pressing-in itself is advantageously done such that a
pressing-in force is exerted upon the line on both sides of
the IDC contact means, so that upon being pressed in, the
line remains perfectly aligned and is reliably both
contacted and firmly clamped.

If through-wiring does not occur at the particular
terminal, the line is clipped immediately at the 1ine-1aying
means ox, by suitable formation of the IDC contact means,
directly at the line-laying means; at the samé'time, shock-
hazard protection for the contacted line end is produced.
Since stripping of its own insulation is not provided, there
will be savings at each terminal compared with other
connection techniques of a small length of line, which over
the length of line required for the entire wiring represents
a noticeable economy. '

As already referred to at the outset, the new fully
automatic method of direct wiring can be employed without
prefabrication of lines ete. in intrinsically all apparatus
and apparatus systems. However, it has been found that a
very valuable application is to employ it for automatic
wiring of lighting fixtures or parts thereof. Such lighting
fixtures in fact have a relatively large light box,.whose

 dimensions are chosen with a view to the luminous bodies to
be accommodated in it, such as gas discharge lamps, etc.,
and also have some standardised associated- network elements
such as ballasts that are accommodated in the light box.
Wiring of the terminal of these network elements_ is often
done entirely manually at present; this is expensive and -
difficult.

The novel wiring method is carried out with suitably
defined line-laying mesans, which make it possible to carry
out the various functions required for the operating



manner that can be seen from Figs. 12-17, that a segnent 8‘ REPLACEMENT. & %
protrudes fromthe nouth 74 of the line |laying conduit 62, thIS S GEFEB 1997
extending to beneath the pressure face 78 of the ram 76. e

preassenbl ed |ight box 1 has been noved into the working
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process. An especially suitable embodiment of such line-
laying means for this purpose is the subject of claim 20.

By providing a pressure member, located in the
vicinity of the mouth of the guide conduit or guide tube of
the line, for the like emerging from the mouth it is
attained that the line in this region can be pressed into
the contacting zone of the terminal in such a manner that it
is aligned and perfectly supported. High wiring safety in
the region of the terminals can thus be assured, while at
the same time no remachining whatever is needed. The
contacting zone of the terminal is as a rule formed by the
aforementioned IDC technique, but the new tool can in
principle be used for other connection techniques as well
where it is crucial for;a conductor end or conductor piece
to be introduced and in particular pressed in a
predetermined orientation exactly into a slit or into a
corresponding receptaclé of a clamping device

is Sheet Has Been Replaced -
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p05|t|on 47 of Fig. 10 into the operating range of the ind SBF?ETC§%58?“§§FT
and firmy clarrped there in the correct position on the wo thabI@@my qag'[
11). The ram 76 is in its raised position of repose shown ijn=Ba - Yhe T

knife 79 is also in its position of repose above the nouth 74. The belt
drive 66, 67 is not noving. The industrial robot 33, controlled by program
accordingly, takes the line-laying means 31 with the laying prong 59 froma
renpte position of repose into the vicinity of .the first termnal,

this case is a termnal 10 of the | eft-hand choke 5 of

present at the particular terminal.

In an advantageous embodiment, the pressure member is a ram
guided longitudinally displaceably along the housing or along a
part of the laying tool connected to it; as a rule, the ram is
located parallel to and spaced apart from the so-called laying
prong of the laying tool, the prong likewise being formed as a
ram, so that the condiuctor on being pressed into the cbntad;ing
zone is supported at two points spaced apart from one another by
the same distance. The mouth of the guide conduit or tube of the
laying tool is suitably located laterally on the laying prong on
the side toward the pressure member, and the pressure member and
the laying prong may have at least in some regions an essentially
equal, width, measured transversely to the longitudinal width of
the conductor emerging from the mouth of the guide conduit or
guide tube. A very simple design of the terminal can thus be.
achieved.

In order to clip the line at a terminal, an IDC contact may
for instance used, which has a clipper edge that becomes-operative
when the conductor is pressed into the contacting zone. In that
case it suffices to provide the aforementioned pressure member on
the laying tool. If this kind of clipper edge at the terminal is
dispensed with, then it is advantageous if controlled clipper
means for the line are provided on the laying tool that have at
least one movable clipper blade in the region between the mouth of
the guide conduit and the pressure member. This clipﬁer blade may
be supported so that it acts directly at the laying finger, with
the edge of the mouth of the guide conduit being formed as a
counterpart knife. Clipping of the conductor can be done either
next to the contacting zone or directly within the contacting zone
itself.

This Sheet Has Been Replaced
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Fig. 1. In the process the laying prong 59 arrives appr oxi BE?LQQEMEQT°“““
position of Fig. 14, in which it is |ocated above and lateradlly offBé FEB)ng'[
the terminal 10. In this position of the |aying prong 59, padsPe¥on-sensi-ng:

means | ocated on the housing 58 and taking the formof an irmage processing
system 85 are located with the picture taking device 86 of this system
above the termnal 10. The inmage processing system 85 includes nmeans for

i mge evaluation, with the aid of which it cal cul ates the popiti-onal: N
devi ati on of the laying prong 59 from RIS gfg;IAgég BEE

-11- -

Finally, the laying prong of the laying tool is as a
rule fixedly located on the housing thereof, or on a part
connected to it; however, it may also be supported movably
and coupled to its own adjusting means.

As already explained, the new method for direct wiring
can be carried out especially simply using terminals whose
contacting zones are designed in accordance with the so-
called IDC technique. Thls technique 1s explained, for
instance in the journal entitled "Messen + Prﬁfen/Automatlk"
[Measurement + Testing/Automatic Systems], July/August 1982,
pp. 491; 492; the design of corresponding IDCs or IDC-
contacts may be learned for instance from German Utility
Model DE-GM 88 04 388, published French Patent Application 2
330 159 and U.S. Patent 2,501,187. Based on this prior art,
the préferred object is to create a terminal for use in the
method referred to above, using the.aforementioned line-
1ayingimeans, that is designed such that in a simple,
effective way it assures’operationally safe contacting and
fixation of the connected line and at the same time does not
hinder carrying out the method automatically.

The terminal is formed according to a feature of the
invention with a slitlike or groovelike indentation provided
on the hbusing_of the clamping terminal means. This assures
on the one hand shock-hazard protection of the clipped end
of the line, without requiring additiomal method steps or
provisions for that purpose. Secondly, if necessary, it can
also provide centering of the laying prong and/or pressure
member of the laying tool upon introduction of the line into
the contacting zone. The IDC contact itself that is used
then upon introduction of the line brings about a certain
automatic height compensation, because the

Sheet Has Been Replaced.
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the termnal 10 and generates a- suitable conpensating cont 'BIMEZNTE‘PF“S’""
signal is processed in the control unit in such a way that the |ndl¢ @Ig 1997
rebot 33 - or a positioning systemlocated between it and tDlaﬂene g

means 31, simlar to the positioning device 56 of Fig. 13 - Ugerforn

requi site positional tolerance conpensation and positions the Iaylng prong

59 precisely in the correct position relative to the termnal 10. Once this
has been achi eved, the laying prong 59 assunes the position of Fig.
which it is aligned accurately above thel2 THIS SHEET HAS BEEN

REPLACED

only critical point is that the conductor be received firmly in
the IDC seat with a certain height tolerance range.

The introduction slit in the housing at the terminal may
have a width that brings about a clamping fixation of a“pressed—in
line, so that the line is fixed independently of the actual
contacting zone. The indentation in the housing may also be
defined on both sides of IDC contacts or located on one or both
sides of an IDC contact.

DRAWINGS

The method of the invention is described below in terms of an exemplary embodiment,
in conjunction with the drawing. Shown in the drawing with respect to an example are:

_—
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housi ng 12 and the groovelike indentations 26 thereof. The|ﬁ§puaﬁgmgmﬂﬁmmxﬁ
to its |ower operating position of - 26 - Fig. 17, in
with its pressure face 78, |located on the bottom of a | ong
on the end segnment 84 of the line, suitably far advanced o
74 of the line guide

RSy |

erm——————————
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Flg. 1 in a perspectlve schematic view, a preassembled
llght box of a fluorescent light fixture to be wired by the method of the invention;

Flg 2, in a fragmentary perspectlve view on a different
-scale, the terminals, formed in the according with the’ ‘invention,
of a fluorescent lamp ballast choke for the light box of Fig. 1;

f Fig. 3, & fragmentary.plan view on a different scale of a
‘terminal of the arrangement of Fig. 2;

Fig. 4, a plan view corresponding to Fig. 3 of a terminal
of the arrangement of Fig. 2, in a modified embodiment;

Figs. 5-7, side views in section taken aiong the line V-V
of Fig. 3, and line VI-VI and line VII-VII of Fig. 5,
respectively, of a clamping téerminal of one of the terminals of
the arrangement of Fig. 2; !

Fig. 8, a schematic perspective view on a different scale
of the terminals, formed according to the invention, ‘of the
clamping .block of the light box of Fig. 1;

Fig. 9, in a pefspective view on a different scale, the
terminals formed according to the invention of a lamp socket of
the light box of Fig. 1; )

Fig. 10, a schematic side view of an &pparatus for carrying
out the method of the invention with the aid of an industrial
robot ;

Fig. 11, a plan view of the device of Fig. 10;

Fig. 12, a schematic side view of a device for carrying out
the method of the invention with the aid of a portal manipulator;

Fig. 13, a schematic side view of a further embodiment of a
device for carrying out the method of the invention, using a
manipulator, with a movable transport table;

- Figs. 14-20, a schematic detail view of the laying tool of
the device of Figs. 10 and 11 showing its association with the

-
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conduit 92 and positions this segnent precisely horizontaljly. Thﬁng? 1997
segnent 84 of the line can then be advanced farther if nee{lggheas. ¥. mjgﬁ .........
the end of the pressure face 78. The laying tool of the |i ety

31 and in particular their laying prong 59 and the ram 76 are

si mul t aneously noved downward al ong the vertical Z axis. In the process, -
the horizontal end segnent 84 of the line is pressed through the

i ntroduction slit 19 of the housing 12 -afl4the termnal 10 into the IDC slit

23 of the IDC contact 25, until the line segnent_84 | ocks TH%~§§a§T§g§EEEN
REPLACED

terminal of a fluorescent lamp choke of the light box of Fig. 1,
illustrating various chronologically successive phases in thé
course of the method of the invention upon connecting the
endlessly supplied line to the first terminal;

Figs. 21-29, each in a corresponding view, the arrangement
of Figs. 14-20, showing chronologically successive steps of the
course of the method after the fixation of the end of the line,
during laying of the line to the next terminal, upon contacting,
and ensuing clipping of the line at that terminal;

Fig. 30, in a schematic plan view and on a different scale,
the light box of Fig. 1 in the wiring state after the conclusion
of the segment of the wiring illustrated by Flg 14-29; ;

Figs. 31-33, in views similar to 'Figs. 14-19, the line-
laying means of the device of Figs. 10 and,ll in association with
a further fluorescent lamp choke of the light box of Fig. 1,
illustrating chronologically successive steps in the course of the
method of the invention in producing the next wiring segment; and

Fig. 34, the light box of Fig. 30, in the state after the
production of the wiring\segment produced by the method of Figs.
31-33.
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into place in the widened portion 21 of the slit (Fig. 6). | IfFERUNGEMENT SHEET
pressing-in notion, an equally great, uniformpressing in orce g SXFE g
fromthe top of the line guide channel 62 and the pressur el f2& ot ------

sides of the introduction slit 19 upon the horizontally reralnea end

segnent 84 of the line, so that this segnment is unable to e ,'"‘:’“a'rﬂ'd-’”“_-”r-;:N
satisfactory insertion into the contacting zone of the term i&lS BpEEs HAS BEE
assured. In this introduction and pressing-in notion, the sul at REFRLACED cut

open by the clipper edges on the | egs-## of the |IDC

The method for direct wiring of electrical apparatus
elements and circuit components of the apparatus systems
will be described below in conjunction with the wiring of a
rectangular light box 1, shown in Fig. 1, for two rod-shaped
gas discharge tubes eg. fluorescent light bulbs not shown in
further detail. For operation the light box is covered with
a transpareht or translucent acrylic glass hood or
reflector, which is clamped in place in mounts or retainers
2 and not shown in further detail.

The light box has already been pre-assembled to the
extent that the necessary electrical switch elements for
receiving- and. operating the gas discharge lamps -have been
secured in the correct positions by a predetermined location
plan'fixedly to the box bottom 3, for instance- being screwed
in place. 1In detail, four lamp sockets 4 of a known
construction are provided in the vicinity of the énd walls
of the box, each in pairs facing one another, and-two
magnetic fluorédscent lamp thokes 5 are assigned to each pair
and are locked on approximately the centre line of the box
bottom 3, on either side of line introduction openings 6, at
equal intervals from the end walls of the box. An
insulating material base 7 that carries a capacitor 8 is
secured to the box bottom 3, also located on its centre
line, next to the line introduction openings 6. Terminals
for electric supply lines are provided on each of the lamp
sockets 4, ballasts 5 and insulating material base 7; these
terminals are identified by reference numeral 9 for the iamp
sockets 4, reference numeral 10 for ballasts or chokes, and
reference numeral 11 for the base 7 of insulating material
of capacitor 8. ‘These terminals 9, 10 11 are all designed
by the same basic principle with a contacting zone in
accordance with the IDC technique. Their form can be seen
in detail from Figs. 2 through 9; it will be described below
in particular in terms of the .
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efenent, and satisfactory contacting is produced. At the saA REPLACEMENTSHEET

segnent 84 of the line is positionally firmy fixed by the t ribs
both sides of the IDC contact 25, with slight deformation ofj] Datw: lﬂgdiéﬁﬂﬁéﬁﬂ

occurring in the process. The ram 76 and the |aying prong 5%=F=re
preferably the sane width on their front end at right angles to the plane
of the drawing (Fig. 19), which is equivalent to the wdth of the
groovel i ke indentations 26, so that a sat%§ta0tory nmut ual spatlal

associ ation between the housing 12 and the lNaying prong 59

terminal 10 of a choke 5, with reference to Figs. 2 through 7:

Each terminal 10 has a housing 12, made of insulating
material and of essentially rectangular cross section, which is
placed on a base part 13, likewise produced from 1nsu1at1ng
material, resulting in a unit-type connection clamplng terminal
that is secured at 14 to a stamped, upward-bent tab of a baseplate
15 of the choke 5. The two side walls 16 of .the housing 12, which .
is open at the top, have oﬁ'their inside to formed-on xribs 17
opposite oneé another, which are located approximately in the
middle between the two face ends 18 of the housing 12 and between
them define a slightly wedge-shaped or parallelééided introduction
slit 19 (Fig. 6), which is widened on its top by means of
introduction bevells 20. In its lower region, the introduction
slit 21 is locally widened somewhat in a region in the shape of
part of a circle.

Two narrow grboves 22 facing one another extend into the
ribs 17 from below to appfoximately the height of the introduction
bevels 20} they receive the two legs 24, defining an IDC slit 23
open at Ehe edge, of én IDC contact 25 made from spring steel orxr
spring bronze. The narrow, essentially U-shaped IDC contact 25 in
the form of a small plate is embedded on all sides in the
insulating material of the housing 12 except for the clipping
segments formed at the legs 24 and oriented toward the IDC slit
23; both legs 24 are limitedly movably guided in the grooves 22.

In a manner not shown in further detail, one end of the winding of
the choke 5 is connected to the IDC contact. Together with the
IDC slit 23, the IDC contact forms the contacting zone of the
terminal 10.

As can be seen particularly from Figs. 3 through 7, the
housing 12 has one groove-like indentation 26 of igctangular cross
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27 - ram 76 when the line segnent 84 is pressed in is assuflcQEPEAREMENT SHEET
el ements now assune the position shown in Fig. 18. The ram |6 now/pﬁ%egg%lSQT
upward into its final positi-on or position of repose and reljcB@8s-PHe-Erg=at

of the line segnent. This situation is shown in Fig. 109.

- - - 17 - [THIS SHEET HAS BEEN
REPLACED

section each on either side of the ribs 17 and hence adjoining the
introduction slit 19, each indentation being open toward the top
of the housing 12 next to the introduction slit 19. The two
groove-like indentations 26 are located in alignment with one
another and with the introduction slit 19. They are likewise
defined toward the top by an introduction bevel 27. Figs. 5, 7
show that the depth of-the groove-like indentations 26 is greater
than the depth of the introduction slit 19, and that its width 28
is also substantially greater than the width of the introduction
slit 19.

The dimensions of the individual parts are selected such
that for an insulated conductor pressed in through the
introduction slit 19, the insulation is cut open in the IDC slit
23 by the legs 24 of the IDC contact 25, and at the same time a
gas-tight contacting takes place between the IDC contact 25 and
the conductor that is deformed at the clamping point. The
pressed-in conductor is simultaneously firmly clamped by its
insulation in the introduction slit 19 between the two ribs 17,
and the widening at 21 serves to assure that the line will lock
into place in detent fashion at its insulation upon being.pressed
into the introduction slit 19. The thus-fixed, connected line
extends through one of the groovelike indentations 26, (Fig. 2) while its
clipped end is located in the other groovelike indentation 26, as
will be described in further detail hereinafter. The width and
deéth of the groovelike indentations 26 and their axial length are
dimensioned such that contact protection is automatically produced
for the clipped end of the line. This means that a standardized
sensing prong, in the test for shock-hazard protection, cannot
penetrate as far as the bared, clipped end at the depth of the

associated groovelike indentation 26.

I
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Since the end of the |ine segnent 84 is received in the gr opWRERPUACEMENT SHEET
I ndentation 26 in the immediate vicinity of the guide groovig 19, aﬁjffﬁ
i ndentation has a |l ength, wdth and hei ght such that the frgesad 51997

conductor cannot be accidentally touched from outside, and SEree=the—FBC

contact 25 is enbedded in the insulating material of the housing 12 and is

| i kewi se enclosed all-insulated, i.e. protected against accidental contact

fromoutside, satisfactory shock- hazar d protection is alre a a

the termnal 10. - 18 - T%i tSr‘.tL‘ %ﬁb 3&:“
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In the embodiment of the housing 12 described, two
groovelike indentations 26 aligned with one another are provided,
one on either side of the introduction slit 19, and their width

"and depth are substantially larger than the diameter of the line
?to be received. It is also conceivable to leave out one of the
‘groovelike indentations 26, which is particularly worth
considering if the line is merely being laid continuously through

the terminal, as will also be described in further detail below.
In individual instances, both grooveiike indentations 26 may even
be omitted. ' '

Fig. 4 shows a modified embodiment of the housing 12 in
plan view: 1In this embodiment, only one groovelike indentation 26
is present, wh;ch is defined in the housing 12a on both sides by
one pair 17 of ribs each with an intervening introduction slit 19
and by a contact element 25 protruding into the slit with its legs
24. The pairs of ribs are each formed on flush at the ends with
the side walls isa in the housing 12a and are aligned by their
introduction slits 17 with the longitudinal axis of the groovelike
indentation 26.

- " While in the embodiment of Figs. 2 and 3 a clipped end of a
line is located next to the contacting zone formed by the IDC
element 25 (see Figs. 27-29, for instance), in the embodiment of
Fig. 4 it is assured that the clipped end will be located in the
contacting zone defined-by the two IDC contacts 25, or in other
words inside the housing 12a that is closed on all sides except
for the introduction slit. ' )

The 'terminals 11 located on the insulating materlal base 7
are fundamentally formed identically to the terminals 10, as can
be learned from Fig. 8. Reference is therefore made to Figs. 2-7

in terms of their description. 1Identical elements are identified

-
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The control unit'nOM/controIs the notion of the industrial QbR ' e
program such that the laying prong 59 noves fromthe contaj gEt ¢€¥E§F$ﬂTET
to the next termnal - ternminal 11 - on the insulating matei h%{e_baaé FEB/ 1897
the rectilinear |laying course that can be seen in Fig. 30, |l

laying the line 8 This is illustrated in Figs. 20, 21. In the process,
the belt drive 66, 67, controlled by the control unit, is actuated in
synchronismw th this displacenent notion of the |aying prong 59 such that
tension-free laying of the - 19 -

THIS SHEET HAS BEEN
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by the same reference numerals.

A total of three terminals 11 are located on the insulating
material base 7; two of them are combined into a connection clamp
unit marked 28, which has a unitlike housing 12b. Clamps are
indicated at 29 for internal connection to the terminals of the
capacitor 8.

The terminals 9 of the lamp sockets 4 are also
fundamentally equivalent to the ;erminals 10 of Figs. 2 and 3 in
design. In Fig. 9, identical elements are therefore again
provided with the same reference numerals and reference is made to
the descriptionh of Figs. 2 and 3. .

While for the terminals 10, 11 (Figs. 2, 8) the housings
12, 12b are however located with their introduction slits 19 and
the' groovelike indentations 26 pointing longitudinally of the
choke 5 or starter 6 and hence longitudinally of the light box
bottom 3 (Fig. 1), the arrangement for the lamp sockets 4 is made
such that the housings 12 are secured on a fastening base 30 of
the respgdtive lamp socket 4, with introduction slits 19 and
groovelike indentations 26 extending transversely to the
longitudinal direction of the gas discharge lamps to be used and
hence of the lamp box bottom 3. In the lamp socﬁets 4, lines to
be connected must therefore be pressed into the introduction slit
19 in such a way that they extend at right angles to the |
longitudinal direction of the lamp box 3.

: The wiring of the light box 1, described thus far in terms
of its circuit elements 4, 5, 7 and their terminals 9, 10, 11, is
done with the aid of an industrial robot as shown in Figs. 10, 11
or a manipulator as shown in Figs. 12, 13 that moves the line-
laying means, as will be described below in conjunction with Figs.
13 ff: )

-

e
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| ine ensues. Optionally, in this displacement notion a ver
the Z axis nay also be inparted to the laying prong 59, fo
order to place the laid line on the box bottom3 (Fig. 1)

for a difference in height between the termnals 10, 11, a
Fig. 22. In the course of this displacenent notion, the |a
first nmerely brought to the vicinity of the terninal 11, t

- 20 -

The line-laying means, identified overall by
numeral 31, are seated in the apparatus of Figs. 10,
two-piece arm 32 of an industrial robot 33, which ha
rotatable about a first stationary vertical axis 34,

by a stepping motor drive 35, and the column carries

tij

)

oy
S

----------------------

yi ng prong 59 S
o
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reference
11 on the
s a column 36
for instance
a first arm

piece 37, which in the region of its free end is connected, via a

swivel bearing 39 that forms a vertical second_pivot
parallel to the first pivot axis 34 and is provided
incremental rotational drive, to a second arm piece
carries the line-laying means 31 on its outer end.

axis 38
with an
40, which
The two drives

35, 39 can move the second pivot axis 38 along a c¢ircle 41 about:

the first pivot axis 34 and in the extended state of
can move the line-laying means 31 along an essential

‘the arm 32
ly circular ¢

path curve 42; a reciprocating drive 43 associated with the drive

column 36 enables a controlled vertical raising and

lowering

motion of the arm 32 and thus of the line-laying means 31. the

industrial robot 33 is assigned a stationary work table 44, with a

transport mechanism integrated in it as suggested by an arrow 45

(Fig. 10), which mechanism makes it possible, on the

horizontal

work surface of the work table 44, to move successively

preassembled light boxes 1 of Fig. 1 from a remote readiness

position at 46 (Fig. 10) to the operating range of t

he line-laying

means outlined by the essentially circular path curve 42, as is

indicated at 47 by the working position of the light
in Figs. 10, 11. 1In this working position 47, the 1

box 1 shown
ight box 1 is

_firmly clamped to the work table 44 in the correct position. The

associated clamping means are of a known type; they

are not

further shown in Figs. 10, 11. Within its operating range, the

line-laying means 31 can be moved by the programmabl
robot 33 to any arbitrary location inside the light

This Sheet Has Been Replaced
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-28- the position shown in Fig. 21 and Fig. 22, in which thg R

processing system 85 is | ocated above the termnal 11 and cd@n_det ey 3 qo
spatial position of the termnal, which nmay certainly al so ePtBf+-uence

EMENT 8H

e

froiied

unavoi dabl e tol erances in the assenbly of the apparatus syst{ens.

The 1 mage

processi ng system 85 now, simlarly to the process descri bed above for the

termnal 10, ascertains the

-21-
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be moved along any preprogrammed, defined course inside the light

box 1.

The situation is fundamentally the same if the portal

manipulator 48 shown in Fig. 12 is used, in which the preassembled

light box 1 is firmly fastened in the correct position on a light
box receptacle 50 on a stationary work table 49, and the line-
laying means 31 are located on a carriage 51 that is supported on

a portal 52 in such a way that it can be freely programmably moved

both in an X direction represented by a double arrow in the

longitudinal direction of the light box and in a Y direction,

again represented by a double arrow, extending transversely to 1t.

Moreover, the line-laying means 31 are rotatably supported on the

carriage 51 about a vertical pivot axis 53 (¢ axis). Each of the

axes of motion X, ¥, ¢, like the reciprocation axis (z), are

assigned their own incremental stepping drives, which being

triggered by a freely programmable control unit can move the line-

laying means 31 to any arbitrary point along a particular

preprogrammed course within the fixedly clamped, preassembled

light box 31.

Finally, the relative motion between the line-laying means

31 and the preassembled light box 1 required for line laying, or

in other words for laying the terminals 9, 10, 11 of the

preagsembled light box 1, can also be attained with the apparatus

of Fig. 13. Here the preassembled light box 1 is clamped to an XY

table 54 by means of the light box receptacle 50; the axes of

motion X, Y of this table are each represented by double arrows.

The line-laying means 31 are carried by a positioning device 56,

located above the XY table 5S4 on a stationary carrier 55; this

device is capable of imparting a reciprocating motion in the Z

direction (represented by a double arrow) and a rotational motion
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posi tional deviation of the laying prong 59 fromthe termn
the control unit of the industrial robot 33 brings about t posi t aﬁ.

t ol erance conpensation required for exact positioning of t e’Dafayi-.rg.c.:gr.cﬁag.lggz
59 relative to the termnal 11. Once this operation has be
el enents assune the position shown in Figs. 23 and 24. The ram 76 is now
| owered fromits final position or position of repose into the working
position, in which it rests with its pressure face 78 on the part of the

line 68, guided -22 - THIS SHEET HAS BEER
REPLACED

about the vertical axis 53 (¢ axis) to the line-laying means 31.
In this case as well, incremental drives for motion in the XY axis
or the zc axis are assigned to the XY table 54 and the positioning
device 56 and are triggered by a freely programmable control unit,
in such a manner that the line-laying means can be moved to any
arbitrafy site within the light box 1 along the particular
programmed course. )

The line-laying means 31 in turn have preferably a so-
called line laying tool 57 with an optionally multiple-part
housing 58, which is secured to the arm 32 of the industrial robot
33 (Fig. 10) or to the carriage 51 (Fig. 12) or to the positioning
device 56 (Fig. 13). A vertical laying prong 59 of substantially
rectangular cross section is located on the underside of the

_housing 58 and includes an L-shaped curved line guide conduit 62,
which opens out in the region of a side wall at 60, a short
digtance from the flat bottom face 61 of the laying prong 59. The
line guide conduit 62 (Fig. 14) contained in the laying prong 59
isiextended in the housing 57 in the form of a guide tube 65, to
which a belt drive for a line suggested at 68 and comprising two
pairs 66 of belt rollers (Figs. 12, 13) and endless drive belts 67
wrapped around them, is assigned. .

The belts 67, each guided by one side parallel to one
another and a slight distance from one another are coupled via the
belt rollers 66 to an incremental drive that imparts a controlled
drive motion to them that is synchronized with the relative path
ﬁbtion between the preassembled light box 1 and the line-laying
means 31; this motion can be generated when the wiring is done by
the devices of Figs. 10-13.

-
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horizontal ly here, that is enmerging fromthe mouth 74 of thaePLACEMENGSHEST
condui t 62; see Fig. 25. Next, the laying prong 59 and thglram 7@[3 FE 97
| owered sinultaneously and in a fixed association both to |ppatean® ¥ annﬁdﬁ ......

to the housing 12 of the termnal 11; the |line segnent 84

bet ween the pressure face 78 and the top of the edge of the nouth 74 is
pressed, supported at two points on both sides of the contacting zone, into
the introduction slit 19 and the IDC slit 23, until it reaches the detent

position already described in _ a3 -

[ THIS SHEET HAS BEEN
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A measurement system preceding the belt drive for the line
68 and comprising a measuring wheel 70 and a drive roller 71
elastlcally prestressed in the engagement position makes 1t
p0551b1e.to measure the exact feed motion of the line 68,

" regardless of the slip that occurs between the endless belts 67 of
the belt drive, so that perfect synchronization of-the line
feeding with the displacement motion of the ‘robot 33, the
manipulator 48, or the XY table 54.

The laying prong 59 is as a rule rigidly secured to the
housing 57; it may, however, also be supported so as to be
raisable and lowerable in the vertical Z axis ana providéd with a
suitably triggerable adjusting device inside the hou51ng 58. This
is suggested by a double arrow 72 in Fig. 12.

As can be seen for instance from Fig. 14, a pressure member
movable vertically in the Z axis of a displaceable ram 76, which
is raisable and lowerable via an associated control drive in the
interior of the housing 58, is-located laterally spaced apart from
the vertical, flat side face 60 of the laying proﬂg 59 that
contains the mouth 74 of the line guide conduit 62 - or on the
housing 58 itself as in Figs. 12, 13. The motion of the ram 76 is
controlled by program by the control unit as a function of the
displacement motion of the line-laying means 31. A sensor 77
(Fig. 14) coupled to the ram 76 outputs a check-back signal
indicating the position attained by the bottom face, acting as a
pressure face 78, of the ram 76 to the control unit, so that an
exact adjustment of the height of the bottom face 78 of the ram 76
relative to the mouth 74 of the line guide conduit 62 is possible.

Finally, a clipper knife 79 is supported such that it can
be raised and lowered on the vertical side face 60 of the laying
prong 59; its associated drive mechanism, accommodated in the

- This Sheet Has Been Rep
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conjunction wwth Figs. 18 and 19. The line 68 is thus per &%R%W%EFQEET
at its line segnent 84a and is firmy clanped and fixed ngxt t €66t 1987
poi nt on both sides of its insulation in the guide slit 1. ﬁ‘ﬁ t‘rre present

Wi ring process, the line laid in the manner - 29-

| - 24 - e - ...;_::___l_...
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housing 58, is not shown in further detail. It can be advanced,
by the knife edge 80 (Fig. ig) located on its lower end, out of
the position of repose shown in Figs. 14, 16, 17 into a working
position shown in Fig. 27, in which it has smoothly clipped the
end of the line 68 protruding from the mouth 74 of the-line guide
conduif 62. To that end, the knife edge 80 has overtaken the
opening of the mouth 74, with the underside 81 of the edge of the
mouth of the line guide conduit 62 acting as a counterpart knife,
as can readily be seen from Fig. 27, for example.

In principle, embodiments in which the knife 79 is given
its own countexpart knife, separate from the 1ay1ng prong 59, are
also possible.

With the aid of the line-laying means 31 described, which
i§ moved by the industrial robot 33 (Fig. 10, 11), for example, by
a program along predetermined paths of movement, a preassembled
light box 1, which is provided at predetermined points of the
light box bottom 3 with the terminal 9, 10, 11 formed as
described, is automatically wired in the following wéy, the
descriptiéﬁtbeing made in conjunction with Figs. 14-34:

An insulated line 68, for instance drawn in endless fashion.
from a supply coil 82 (Fig. 10), is threaded into the laying tool of the
line-laying means 31. This line runs between the measuring wheel
70 and the contact roller 71 and between the two endless belts 67
of the belt drive and is fed by the belt drive through_the guide
tube 65 into the L- shaped line guide conduit 62. The belt drive
has moved the.forward end of the line 68 so far forward, in the
manner that can be seen from Figs. 12-17, that a segment 84 of it
(Fig. 17) protrudes from the mouth 74 of the line laying conduit
62, this segment extending to beneath the pressure face 78 of the
ram 76. ’

____‘_#_________,__._
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described is clipped at the termnal 11. This is done with i
whi ch noves downward and severs the line 68 directly at the FﬁﬂgéﬁbeT§55=T

| ine guide conduit 62, with the edge of this nouth acting as ol (ﬂrﬁfg
knife. The el enments now assunme the situation shown in Fig. 2 By
line 68 is clipped in this way, the end of the |aid segnent of |ine,
retained in the guide slit 19 of the termnal 11, is bent downward, as Fig.
27 shows, fromthe oblique face 86. ad10|n|ng the cutting edge 80 of the
knife 79. This neans THIS SHEET HAS BEEN

’ REPLACED

A preassembled light box 1 has been moved into the working
position 47 of Fig. 10 into the operating range of the industrial
robot 33 and firmly clamped there in the correct position on the
work table 44 (Fig. 11). The ram 76 is. in its raised position of "
repose.shown in Fig. 16; the knife 79 is also in its position.of
repose above the mouth 74. The belt drive 66, 67 is not moving.

The industrial robot 33, controlled by program accordingly,
takes the line-laying wmeans 31 with the laying prong 59 from a
remote position of repose into the vicinity of the first terminal,
which in this case is a terminal 10 of the left-hand choke 5 of
Fig. 1. 1In the process the laying prong 59 arrives approxlmately
at the position of Fig. 14, in which it is located above and
laterally offset from the terminal 10.

In this position of the laying piong 59, position sensing
means located on the housing 58 and taking the form of an image
processing system. 85 are located with the pilcture taking device 86
of this system above the terminal 10. The image processing system
85 includes means for image evaluation, with the aid of which it
calculates the positional deviation of the laying prong 59 from
the terminal 10 and generates a suitable compensating control
signal. This signal is processed in the control unit in such a
way that the industrial robot 33 - or a positioning system located
between it and the line-laying means 31, similar to the
positioning device 56 of Fig. 13 - performs the requisite
positional tolerance compensation and positions the laying prong

‘59 precisely in the correct position relative to the terminal 10.
Once this has been achieved, the laying prong 59 assumes the
position of Fig. 16, in which it is aligned accurately above the
housing 12 and the groovelike indentations 26 therecf.

The ram 76 now moves to its lower operatin§ position of
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that the bare end face of the conductor, at the cut face, ilb REPVAGENENGrSHEET

the bottom of the surroundi ng groovelike indentation 26, an conszgvg 1897
t he shock-hazard protection is substantially increased. At [ H@tgane g
because of this bend a further. nechanical fixation of the —the rrne

at the termnal 11 is obtained. This concludes the process of wring
between the two termnals 10 and 11. The knife 79 returns to its final
position or position of repose, as shown in Fig. 28. [ tﬁ
- 26 - THIS SHﬁh\ THA S BEE
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Fig. 17, in which it rests with its preésure face 78, located on
the bottom of a longitudinal groove, on the end segment 84 of the
line, suitably far advanced out of the mouth 74 of the line guide
conduit 92 and positioné this segment precisely horizontally. The
end segmént 84 of the line can then be advanced farther if needed,
as far as the end of the pressure face 78.

The laying tool of the line-laying means 31 and in
particular their laying prong 59 and the ram 76 are 31mu1taneously
moved downward along the vertical Z axis. In the process,- the

" horizontal end segment 84 of the line is pressed'through the

" introduction slit 19 of the: housing 12 at the termlnal 10 into the
IDC slit 23 of the IDC contact 25, until the line segment 84 locks
into place in the widened portion 21 of the slit (Fig. 6). 1In
this pressing-in motion, an equally great, uniform pressing-in
force is exerted from tlHe top of the line guide channel 62 and the
pressure face 78 on both sides of the introduction slit 19 upon
the horizontally retained end segment 84 of the line, so that this
segment is unable to escape, and satisfactory insertion into the
contacting zone of the terminal 10 is assured.

In this introduction and pressing-in motion, the insulation
is cut open by the ciipper edges on the legs 24 of the. IDC
element, and satisfactory contacting is produced. At the same
time, the end segment 84 of the line is positionally firmly fixed
by the two ribs 17 on both sides of the IDC contact 25, with
slight deformation of its insulation occurring in_the. process.

B The ram 76 and the laying prong 59 have pnﬂkrdﬁbr - the
same width on their front end at right angles to the plane of the
drawing (Fig. 19), which is equivalent to the width of the
groovelike indentations 26, so that a satisfactory mutual spatial
association between the housing 12 and the laying prong 59 and the

This Sheet Has Been Replaced -
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Next, the ram 76 is returned to its final position or positi
and the | ayi ng prong 59 is nmoved upward by the industrial roldd¥EPVACEMENT sHEET
whér eupon the outset position for the next wiring step in th
is already reached. This starting position is shown in Fig.
on the wiring to be done, the line 68 may al so be through-w retdat—tHe

termnal 11, as an exanple. In that case clipping of the line as in Figs.
27 and 28 is not done; instead, follow ng the situation shown in Fig. 26
the ram 76 is returned 141 SHEET HAS BEEN

- 27 -
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ram 76 when the line segment 84 is pressed in is assured. The
elements now assume the position shown in Fig. 18.

The ram 76 now moves upward into its final position or
position of repose and releases the end of the line segment This
51tuat10n is shown in Fig. 19.

Since the end of the line segment 84 is recelved in the
groovelike indentation 26 in the immediate vicinity of the guide
groove 19, and this indentation has a length, width and height
such that the free end of the conductor cannot be accidentally
touched from outside, and since the IDC contact.25 is embedded in
the insulating material of the housing 12 and is-likewise enclosed
all-insulated, i.e.-protected against accidental contact from
outside, satikfactory shock-hazard protection is already attained
at the terminal 10.

~ The control unit now controls the motion ofithe industrial
robot 33 by program such that the layimg prong 59 moves from the
contacted terminal 10 to the next terminal - termihal 11 - on the
insulating material base 7 over the rectilinear laying course that
can be .seen in Fig. 30, in the process laying the line 8. This is
illustrated in Figs. 20, 21. )

In the process, the belt drive 66, 67, controlled by the
control unit, is actuated in synchronism with this displacement
motion of the lafing prong 59 such that tension-free laying of the
line ensues. Optionally, in this displacement motion a vertical
motion in the Z axis may also be imparted to the laylng prong 59,
for instance in order to place the laid line on the box bottom 3
(Fig. 1) or to compensate for a difference in height between the
terminals 10, 11, as suggeéted in Fig. 22.

In the course of this displacement motion, the laying prong
59 is first merely brought to the vicinity of the terminal 11, to

_This Sheet Has Been Replaced
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toits final position or position of repose (see Figs. 19, ﬁEmebgmgum@m
the control unit as programmed causes the industrial robot
| ine-1aying nmeans 31 and thus the laying prong 59 to -
preprogranmed defined path to the next termnal. This wll
descri bed now in conjunction with Figs. 31-

- 28 -

the position shown in Fig. 21 and Fig. 22, in which the image-
processiné system 85 is located above the terminal 11 and can
detect the spatial position of the terminal, which may certainly
also be influenced by unavoidable tolerances in the assembly of
the apparatus systems. '

The image processing system 85 now, similarly to the
process described above for the terminal 10, ascertains the
positional deviation of tﬁe laying prong 59 from the terminal 11
and via the control unit of the industrial robot™ 33 bfings about
the positional tolerande'compensation required for exact
positioning of the laying prong 59 relative to ;ﬁé terminal 11.
Once this operation has been concluded, the elements assume the
position shown in Figs. 23 and 24.

The ram 76 is now lowered from its final position or
position of repose into the working position, in which it rests
with its pressure face 78 on the part of the line 68, guided
horizontally here, that is emerging from the mouﬁh 74 of the line

- guide conduit 62; see Fig. 25.

Next, the laying prong 59 and the ram 76 are 1owered
simultaneously and in a fixed association both to one another and
to the housing 12 of the terminal 11; the line segment 84a
extending between the pressure face 78 and the top of the edge of
the mouth 74 is pressed, supported at two points on both sides of
the contacting zone, into the introduction slit 19 and the IDC
glit 23, until it reaches the detent position already described in
conjunction with Figs. 18 and 19. The line 68 is thus perfectly
contacted at its line segment 84a and is firmly clamped and fixed
next to the contact point on both sides of its insulation in the
guide slit 19.

In the present wiring process, the line laid in the manner
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of both ends, at the top, with two retaining elenents 870 fc
Each of the conblike retaining elenments 870 is provided with a row of

paral l el , continuous detent grooves 88 of semcircular cross section, into

33: The next following terminal is again a terminal 10, but rﬁﬁ?kﬂﬁﬁ“iﬁTﬁﬁﬁﬁT
right-hand choke 5 in Fig. 1. The line nust be noved past tfe chop gqg
choke 5, as can be seen particularly fromFig. 2, is equi pppdata: hg Eg 31

each of which one Iine 68 can be pressed via an introduction_slit
- 29 - ) THIS SHEFT HAS BEEW
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described is clipped at the terminal 11. This is done with the
knife 79, which moves downward and severs the line 68 directly at
the mouth 74 of the line guide conduit 62, with the edge of this
mouth acting as a counterpart knife. The elements now assume the
situatioh shown in Fig. 27.

When the line 68 is clipped in this way, the end of the
laid segment of line, retained in the guide slit 19 of .the
terminal i1, is bent downward, as Fig. 27 shows, from the oblique
face 86 adjoining the cutting edge 80 of the knife 79. This means
that the bare end face of the conductor, at thg cut face, is -
aimed toward the bottom of the surrounding grooﬁélike indentation
26, and consequently the shock-hazard protectioﬁ is substantially
increased. At the same time because of this bend a further.
mechanical fixation of the end of the line at the term;nal 11 is
obtained. .

This concludes the process of wiring between the two
terminals 10 and 11. The knife 79 returns to its final position
or position of repose, as shown in Fig. 28.

Next, the ram 76 is returned to its f1na1 pos1t10n or
position of repose, and the laying prong 59 is moved upward by the
industrial robot 33, whereupon the outset position for the next
wiring step in the light box 1 is already reached. This starting
position is shown in Fig. 29.

Depending on the wiring to be done, the line 68 may also be
through-wired at the terminal 11, as an example. In-that case
Elipping of the line as in Figs. 27 and 28 is not done; instead,
following the situation shown in Fig. 26, the ram 76 is returned
to its final position or position of repose (see Figs. 19, 20),
whereupon the control unit as programmed causes the industrial
robot 33, the line-laying means 31 and thus the laying prong 59 to
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89. In the line laying between the terminals 11, 10 (Figs. RERERAOFMENTSHEET

I ndustrial robot 33 therefore, along a preprogranmed path, lakes t
prong 59 first to the vicinity of the respective retaining *I%nt@am igm-

"Once positioning of the laying prong 59 has been done in themanner arready
descri bed, by neans of the inmge processing system85, the ram 76 noves
downward and either alone or jointly with the |laying prong 59 presses the
line into one of the detent grooves 88. Next, the ram 76 isy r ned
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move along a preprogrammed defined path to the next terminal.
This will be briefly described now in conjunction with Figs. 31-
33: |

The next following terminal is again a terminal.-10, but now
that of the right-hand choke 5 in Fig. 1. The line must be moved
past the choke 5. The choke 5, as can be seen particulaxrly from
Fig. 2, is equipped in the region of both ends, at the top, with
two retaining elements 870 for lines 68. Each of the comblike
retaining elements 870 is provided with a row of parallel,
continuous detent grooves 88 of semicircular cross section, 1nto
each of which one line 68 can be pressed via an 1ntroductlon slit
89. .

In the line laying between the terminals 11, 10 (Fing 26
and 31), the industrial robot 33 therefore, along a preprogrammed
path, takes the laying prong 59 first to the vicinity of the
respective retaining element 870. Once positioning of the laYing
prong 59 has been done in the manner already described, by means
of the image processing system 85, the ram 76 moves downward and
either alone or jointly with the laying prong 59 presses the line

" into one of the detent grooves 88. Néx;, the ram 76 is returned
to its final position or position of repose; the laying prong 59
moves upward and is moved to the next subsequent retaining element
870, where the same process is repeated.

Follow1ng this, the laying prong 59 is moved to the
vicinity of the terminal 10 and positioned above it in the manner
already described, whereupon the ram 76 is again moved forward
until its pressure face 78 rests on the line segment 84a emerging
from the mouth 74. The elements assume the situation shown in
Fig. 32. '

In the now-ensuing lowering motion of the iaying prong 49

. This Sheet Has Been Replaced .

(U




-

toits final position or position of repose; the |aying prong| HEFDACEMENT SHEET
upward and is noved to the next subsequent retaining elenment 870, where the

same process is repeated. Following this, the |aying prong 59 ||33;tempyacﬂtEfB ]99'[_
the vicinity of the termnal 10 and positioned above it in th

al ready descri bed, whereupon the ram 76 is again noved forward until its

pressure face 78 rests on the |line segnent 84a energing fromthe nouth 74.

The el ements assunme the situation shown in Fig. 32.
- 31 -

of the ram 76, not only is the line segment 84a fixed in the
introduction slit 19, horizontally aligned and perfectly
supported, in the manner already described and contacted in the
IDC slit 23, but at the same time the line 68 is also bent
downward ‘to the level of the IDC contact 25. Once 'the_:éontacting
is concluded, the elements assume the position of Fig. 33.

As the next step, the line 68 can either be clipped (as in
Fig. 27), or alternatively it is through-wired to the next
following terminal, for instance a terminal 9 of a latilp base 4.

Since for the lamp base 4 the introduction slits 19 are
aligned with the terminals 9 transversely to the longitudinal
direction of the light box, the industrial robot 33 must rotate
the line-laying means 31 and here in particular the housing .58 of
the laying tool 57 having the laying prong 59 and the ram 76,
about the vertical axis (c axis) by 90°, before the then-bent line
portion is introduced into ithe introduction slit 19 in the manner ,
already described. . ' _ . ' l

"The direct wiring, ¢arried_out by the method steps .
~described, of the preassembled light box 1 is shown in Figs. 33, |
34 for the following two cases: First, the line 68 is clipped !
once it reaches the terminal 11 (Fig. 27), and second, it is :
through-wired beyond this terminal (Fig. 31).

T'm Sheet Has Been Replace
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manner al r eady contacted inthe IDC slit 23, but at the sane
time the line -
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The claims defining the invention are as follows:

1. A method for wiring terminals of electrical
apparatuses or apparatus systems with the aid of a
controlled mechanical line-laying means,

comprising the steps of:

providing a preassembled electric apparatus system
which includes the electric apparatuses, said apparatuses
having terminals fixedly located thereon;

said terminals comprising a contacting zone :anlud:mg
a contact element and a constricted guide region of
insulating ntaterial,-

' relatively moving a first one of said terminals and
the line-laying wmeans into operating range and correctly
relatively positioning the preassembled apparatuses and ‘the
line-layir;g means by means of relatively motion
therebetween;

supplying the end of a line from a line. supply means
to the line-laying means, and introducing sald end into the
contacting zone of the first terminal to aff:.x said end at
that terminal and produce an electrical contact with the
contact element;

relatively moving, along a predetermined path, the
preassémbled electrical apparatuses and the line-laying.
means, and bringing every other terminal successively into
operatirtg range of the line-laying means, thereby laying the
line, and positioning the line directly relative to the
preassembled apparatuses,

' positively supplying, during each of these relative
movements, from the line-laying means at least a length of
the line that corresbonds to ths distance between said first
terminal and a second successive terminal along a line-
'iaying course;

introducing, by means of the line-laying means, the
line at each terminal into the contacting zone of the
respective terminal, affixing th2 line to the respective
terminal, and producing an elecirical contact; and

then, without Zurther positioning movement of the
line-laying mszans, cutting off the thus-laid line at the end
of the line-laying course by szid line-laying means, in the

A
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the |ine 68 can .ei

.

h

t hrough-wired to |k ng termnal, for instance a

T T

clipped (as in Fig. 27), or alternftpaek.y..l.
a lanp base 4. Sif fu np base 4 the introduction slits 19 are
aligned with the tiksh ansversely to the |ongitudi naj—di.rection of
the light box, the industrial robot: 33 nust rotate the |ine-
and here in particular the housing.. 58 3f-

region of the last terminal to be contacted at a position

within said guide region and inwardly of one end surface
thereof. '

2. The method of claim 1, including the step of:

bringing, a support or retention element into the
operating range of the line-laying means;

positioning the line correctly relative to said -
support or element, and - '

introducing, by means of the line-laying means, line
~into a line mount at the support or retention element and
securing the line to said support or retention element.

3. The method of claim 1, wherein said moving step
comprises: ' .

moving the line-laying means by a multiaxially
moveable manipulator or industrial robot, whose movement is
'programmable in at least one axis; and

wherein the preassembled electric apparatuses are
‘located in a étatioﬁary position prior to moving the line-
laying means..

4 The method of claim 1, wherein:

the line-laying means are located at a predetermined
location, optionally at a positioning device imparting a
positioning motion to them; and

wherein the preassembled electrical apparatuses are
moved by means of a transport means that is movable relative
to the line-laying means. ’

5. The method of claim 1; comprising the step of:

synchronising the line length supplied during line-
laying between two terminals by the line-laying means with
the relative motion between the preassembled apparatuses and
the line laying means,

whereby since the beginning of the line is fixed at
the first terminal at the onset of laying a line, tension
relief required in direct laying of the line is attained
autohatically.

* c L M S *
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The direct wiring, carried out by the nmethod steps described, of the
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6. The method of claim 5, wherein the length of the
line length supplied by the line-laying means is dimensioned
of such length that the line laid between the terminals is
completely free of tensile strain. '

7. ‘The method of claim 1, wherein said moving step
comprises:

controlling the relative motion between the
preassembled electrical apparatuses and the line-laying
means, such that the line-laying means approaches the.
vicinity of the rt_aspective terminal; and .

then positioning the line-laying means precisely in a
line inserting position r_ela:ttive to the terminal.

8. The method of claim 7, including the step of
ascertaining the positional deviation of the line-laying
means from the position of the terminal with the aid of
position sensing means after the line-laying means have been
brought into the wvicinity of the term:'i.nal,- and

automatically compensating for any positiona]'.
deviation. '

9. The method of claim 8, wherein the step of
ascertaining-the positional c-ieviation includes:

providing an image processing system, assigned to the
line-laying means; and .

_ moving said image processing system for taking-an

image close to the terminal; and ' ‘

further including the step of calculating compensation
for the positional deviation and providing a corresponding
output control signal.

10. The method of claim 1; including after the step
of positioning the line-laying means, the step of

imparting an introduction motion of a defined course
length td the line in the region of the terminal, with which
motion the line is brought into the contacting zone of the

* [ L M S *
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11. The method of claim 1, wherein the relative
motion between the preassembled electrical apparatuses or
apparatus system and the line-laying means is, at least
intermittently, substantially rectilinear.

12. The method of claim 1, wherein the contact
elements in the contacting zones are IDC (insulation
displacement connection) means; and .

the line is pressed by the line-laying means into
these contact eleménts ; and

including the step of supporting the line, during the
cutting operation by said line laying means.

13. The method of claim 12, wherein the line, upon
belng pressed in the contact means, is subjected to-a
pressing-in force on both sides of the IDC contact means.

14. The method of cla:Lm 212, wheérein the line is
Eirmly clamped on at least one side of the IDC contact
means.

15. The method of claim 1, including the step of

cutting‘_'-the line directly at the line-laying means.

16. The method of claim 12, including the step of
- cutting the line at the IDC contact means.

17. The method of claim 12, including the step of
cutting the line between spaced IDC contact means of an
apparatus, while the line is in the contacting zone.

18. The method of claim 1, including the step of
cutting the line such that the end thereof is protected in
the guide region, _

whereby the end will be automatically shock-hazard-
proof protected and no further positional movement of the
line-laying means is required.

I
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19. The method of claim 1, wherein the apparatus
system comprises a light fixture.

20. Line-laying means, for carrying out the method
of claim 1, comprising:

a line-laying tool having a housing defining a working
side;

a guide conduit for the line on the working side of
the housing, terminating in a mouth of a laying prong; '

controlled feed means for the line;

at least one pressure member located in the vicinity
of the mouth of the guide conduit for the line emerging from
the mouth, said pressure member being movably supported for
movement substant:.ally transversely to the axial d:l.rect:l.on
of the gu:l.de conduit in the mouth region;

pos:l.tlom.ng means on the pressure member for
positioning the pressure member between a remote position of
repose distant £rom the mouth and an operating pos:.t:l.on, in .
which operat:Lng position the pressure member protrudes on
one side spaced from and past an edge of a mouth of the
guide conduit with a pressure face aligned with the line
protruding from the mouth, or substantially flush with the
top of the edge of the mouth;

controlled wire cutting means slidably movably located
on the housing adjacent ‘the pressure member; and

a slide surface for said wire cutting means formed on
the housing; and

wherein said mouth, terminating the guide conduit is
located in said slide surface, whereby an end portion of
said line projecting from said mouth will be cut cleanly and
a bottom side of the edge of the mouth of said guide conduit
will form a counterelement of the cutting force of said
cutting means whereby said pressure member can insert the
line into a contéct element and the cutting means can cut
the line at a position within a tonstricted, protected guide
region of a terminal without further movement of said line-
laying means. '

* c L M s *
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21. The line-laying means of claim 20, wherein the
pressure member is a ram longitudinally displaceably guided
on the housing. -7

22. The line-laying means of claim 21, wherein the
line-laying means includes a laying prong; and

the ram is located parallel to and spaced apart from
the laying prong.

23. The line-laying means of claim 22, wherein the
mouth of the guide conduit is located laterally on the
laying prong and on the side toward the pressure mewmber.

24 . The line-laying means of claim 22, wherein the
pressure membexr and the laying prong have, at least in part,
essentially the same width, measured transversely to the
longitudinal dirdction of the line emerging from the mouth
of the guide conduit. '

25. The line-laying means of claim 20, wherein the
controlled- cutting means for cutting the line comprises at
least one cutter blade movably located in the region between
the mouth of the guide conduit and the pressure member.

26. The line-iaying means of claim 23, wherein the
cutting means comprises a cutter blade which is operativély
supported immediately on the laying prong, and

an edge portion of the mouth of the line guide conduit
is formed as a knife counterelement. '

27. The line-laying means of one of claims 19-26,
wherein the laying prong is movably supported on the housing
and is coupled with its own adjusting weans.

28. Terminal, for use in the method of one of claims
1-19, using the line-laying means of one of claims 20-27,
with clamping terminals containing the contacting zone which
terminals have a housing of insulating material with at
least one introduction slit, open at the edge, for a line

* c - L M .- 3 * .
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and at least one IDC contact located in the housing with an
IDC slit open at the edge toward the introduction side and
aligned with the introduction slit, wherein the preassembled
electrical apparatus or apparatus system, the housing of
each terminal is provided with an introduction slit
accessible to the line-laying means; that the housing on at
least one side adjoining the introduction slit has a
slitlike or groovelike'indentation that receives the line
and whose width is greater than the width of the
introduction slit; and that the dimensions of the slitlike
or groovelike indentation are such that a free end, located
in the vicinity of the IDC contact, of a line contacted in
the IDC contact is received in shock-hazard-proof fashion in
the slitlike or groovelike indentation; and that. the
slitlike or groovelike indentation forming a comstricted
guide region and the housing are adapted to the dimensions
of the laying prong and of the pressure member of the laying
tool of the 1inejlaying means.

29. The terminal of claim 28, wherein the
introduction slit has a width that brings about a clamplng
fixation of a line pressed into it.

30. The terminal of claim 28 or 29, wherein the
slitlike or groovelike indentation in the housing is located
so as to be defined on both side by IDC contacts.

31. The terminal of one of claims 28-30, wherein the
slitlike or groovelike indentation is deeper than the"
introduction slit.

(T
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wi t hout further positioning novenent of the line |aying neans, cutting off

the thus-laid line at the end of the line-laying course by said |ine-Jaying
means, in the | THIS SHEET HAS BEEN
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PROCESS FOR WIRING CONNECTIONS OF ELECTRICAL APPLIANCES OR
COMPONENT ELEMENTS

ABSTRACT :

_ Wiring of terminals of electrical apparatus or apparatus
systems (4, 5, 7) is done automatically in the course of the
direct wiring. A preassembled electrical apparatus or apparatus
system is made available with terminals (9, 10, 11) fixedly
located in it, whereupon by means of an automatiéally guided line-
laying tool (59), an endlessly supplied line (68) is moved into.
the contacting zones of the specially formed terminals,'fixed
there, and either clipped or through-wired.

(Fig. 14)

'I'his Sheet Has Been Replaced
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PROCESS FOR WIRING CONNECTIONS OF ELECTRICAL APPLIANCES OR
COMPONENT ELEMENTS

-

K ~The invention relates to a method for wiring of terminals
of ‘electrical apparatus or .apparatus systems with the aid of

N controlled mechanical line-laying means, in particular line-laying

means arranged for carrying out this method.

The term "wiring" is understood in the industry, in the
case of electrical apparatus or apparatus systems, to mean the
connecting Bf terminals to an electric line and the contacting of
this line at the applicable terminal, in order to establish an
electricallconnection, for example with the associated switch
element. This kind of wiring is required in the majority of
electrical apparatuseé operating in the low-current range,
including electronic switch control and regulating equipment and
in apparatus systems, this latter overall term being understood to
1nclude in particular such elements as printed circuit boards,
plug- in %:ckages or modules, etc., which as available on the
market are designed as units and are intended to be inserted into
electrical apparatuses. For the wiring itself, as a rule, switch
wires, which are provided with a lacquer coating or a sheath of
insulating material, or insulated flexible cables are used as the
lines. Connecting the lines, which are insulated at the ends, in
the contacting zone of thelrespective terminal is done using
various known connecting techniques (such as screwing, plug-in
connection, solderiﬁg, insulation displacement connection method
of termination, and crimping). The operating steps required for

the wiring are even today predominantly done by hand. This is
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zoperating range of the line-laying neans; positioning the line correct| y
“relative to said support or element, and introducing, by nmeans of the
line-laying nmeans, line into a |line nount at the support or retention

el enent and securing the line to said support or retention el enent. 3

The nethod of claim1, wherein said noving step conpri ses:Rm\AiGEgEﬁhegHEET
line-laying neans by a multiaxially : -
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time-consuming and frequently requires trained workers; the
resultant expense is therefore considerable.

For the sake of more-rational production, particularly in
relatively large-scale mass production of identical electrical
apparatuses, it is known to prefabricate the lines or to produce

-
partial or complete cable harnesses, or in other words a typical

o

prggssembled product, first in a first region, separately from the
eiééérical apparatus. In a second region, the insulation of this
preassembled product in the applicable apparatus or end product is
then done. This final assembly includes essentially the
contacting or connecting of the various lines of the preassembled
product to the contacting zones of the terminals and laying and
securing the prefabricated lines or cable harnesses in the i
apparatus. While automated prefabricating devices are already in
i : use for prefabricating the lines, the ensuing further processing
of the lines that have been produced, for instance to produce
partial or complete cable harnesses, and the operations directly
at the wiring site are still virtually without exception done by
hand.

_ A number of methods and apparatuées are already known for
automatic production of cable harnesses (US Patent 4,677,734;
German BRabents Disclosures DE-0S 36 08 243, 36 11 805, 38 20 636,
and 38 20 638; and Swiss Patent 598 740), all of which employ what
are known as wire-laying boards and the like. However, all these
methods require very major technical effort and expense, which can

be considered only for relatively large-scale mass-production of
equipment. In any case, with this technique the fundamental
problem still remains that the final assembly of the prefabricated
lines or cable harnesses involves considerable labor, and so the

attainable rationalization effect remains limited. Moreover, the
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noveabl e mani pul ator or industrial robot, whose novenent is progranmable in
at | east one axis; and wherein the preassenbled el ectric apparatuses are

| ocated in a stationary position prior to noving the |ine- |aying neans. 4.
The method of claim1, wherein: the line-laying nmeans are |qcated at a
predeterm ned | ocation, optionally at a positioning device i[MBEPLAGFMENT SHEET
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course of the lines in the apparatus must often be chosen with a
view to the prefabrication of the lines or cable harnesses, and
this means long laying paths with detours, branches, loops, and
bi-directional motions of clamping devices.

‘The -object of the invention is therefore to create a wiring
method- for electrical apparatus and apparatus systems that makes
itupossible to substantially rationalize wiring compared with
known methods, while at the same time assuring high operating
safety while lessening the possibilities for error in the wiring.

To attain this object, the method according to the
invention has the characteristics of claim 1.

The new method assures rational complete automatlon of the
wiring of electrical apparatus and apparatus systems. It makes it
possible to dispense with prefabricated lines and partial or full
cable harnesses, because it performs direct assembly of the lines
in the apparatus or apparatus system. It is possible to contact a
line in the form of an endless line to be contacted fully
automaticaiiy to the terminals provided with suitable automation-
appropriate contacting zones, lay it in a defined way in the
wiring.process between.the'terminals, and finall? to cut it off.
With this direct assembly of the line, the requisite electrical
connecé?ons are automatically produced serlally and completely.
The capablllty of through-wiring, that is, connecting a plurality
of terminals with one line, offers a substantial advantage. It is
in fact possible to dispense with the plurality of lines
previously needed for that purpose. This not only represents
economy in terms of the number of lines but also avoids doubling
up at terminals and multiple laying out of the same terminals,
since the lines are mounted directly and paid-out from a supply, and since as
already noted, it is unnecessary to produce preassembled products,
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2wherein-the preassenbl ed el ectrical apparatuses are noved by nmeans of a
transport nmeans that is novable relative to the line-laying neans. 5.
The nethod of claim1, conprising the step of: synchronising the |ine
| engt h supplied during line- laying between two ternminals by the

line-laying neans with the relative notion between the preasse ACEMENT SHEET
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line is fixed at 4
17 JUL 1997

or in other words to prefabricate the lines, a very major
rationalization effect is attained, while at the same time fe&ér
changes in direction in the laying process itself are required.
Branches, loops and the like that were previously needed with a
e view to tlhie prefabrication of lines or combining lines iﬁto
. partial or full cable harnesses, are largely dispensed with. At
' the - same time,. in comparison with the prior art, there are fewer
terminals, which increases the wiring safety and reduces the
possibilities of error.

When long laying paths are strﬁcturally dictated, a support
or retention location can also be brought into 6pgrating range of
the line—laying.means and positioned correctly relative to them by
means of a relative motion between the preassembled apparatus or
apparatus system; in that case, by means of the line-laying means,
the line can be inserted into a line mount at the support or
retention point and secured there. From this support or:retention
point, the line is then, in the next direct wiring operation,
carried to the next terminal, at whose contacting zone it is again
contacted and clipped as needed.

__.In the new method, both the beginning and the end of the
line as well as a-continuous line can be contacted at the
correspofiding successively contracted terminals. Since the
beginning of the line is fixed at the terminals at the onset of
laying a line, the tensile relief required in direct laying of the
line can be attained gimply in that the line length paid out
during line-laying between two terminals by the line-laying means
is automatically synchronized with the relative motion between the
preasseﬁbled apparatug or apparatus system and its line-laying
means. The line length paid out by the line-~laying means may be
dimensioned as long enough that the line laid between the
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the first termnal at the onset of laying a line, tension relief required
in direct laying of the line is attained autonmatically. -34- 6. The
met hod of claim5, wherein the length of the line | ength supplied by the

l'i ne-1aying means is di mensioned

REPLACEMENT SHEET
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terminals is completely free of tensile strain. If necessary,
this line can also readily be laid with an ekcess line 1engthj'for
example .so that it sags. If it should be desirable in individual
cases for the line laid between two terminals to be kept at a
certain tensile strain, then this can also be achieved by a simple
- suitable adaptation of the line-laying means to the aforementioned.
- rélative motion between the preassembled apparatus or apparatus
system. h
For practical performance of the new wiring method it is
advantageous if upon the relative motion between the preassembled
apparatus or apparatus system in the line-laying means, the line-
laying means merely come into the vicinity of the applicable
terminal, wﬁereupon next the line-laying means, in a positioning
motion, are positioned precisely correctly relatively to the
terminal. In this waf it is attained that the displacement motion
of the line-laying means, taking place along the path
corresponding to the predetermined laying course, need not meet
overly stringent requirements for accuracy, while at the same .
time, exact prepositioning of the terminals themselves or of the
components carrying them in the electrical apparatus or electrlcal
apparatus system becomes unnecessary. The positioning motion
requlrg%’for exact positioning can be imparted to the line-laying
means, which have been brought to the vicinity of the applicable
terminal, in direct cooperation between a laying tool-of the line-
laying means and the suitably desighed terminal, or a guide device
provided on it, to mention a quite simple possibility. The
procedure may also be such, however, that with the line-laying
means brought to the vicinity of the terminal, the positional
deviation of the line-laying means from the position of the

terminal is ascertained with position sensing means, and the
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®f such length that the line laid between the ternminals is conpletely free
of tensile strain. 7. The nmethod of claim1l, wherein said noving step
conprises: controlling the relative notion between the preassenbl ed

el ectrical apparatuses and the line-laying neans, such that—the line-1aying
means approaches the vicinity of the respective term nal; |aREPLAGEMENT SHEET
positioning the |line-laying neans precisely in a
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positional deviation is then automatically compensated for.
Sensing means that are intrinsically arbitrary may be used to
ascertain the positional deviation. An image processing system
assigned to the line-laying means has proved to be especially

i practicél for this purpose} to take pictures, it is moved near the
terminal, and it has means for image evaluation, in which the
compensation for the positional deviation is calculated, whereupon
a corresponding control signal is output that is evaluated.for
controlling a motion device of the line-laying means.

The relative motions between the preassembled apparatus or
apparatus system and the line-laying means that " are required in
'carrying out the new wiring method in the course of the direct
wiring can in principle be produced in various ways. For
instance, the line-laying means wmay beimoved by a multiaxially

' mbvable manipulator or industrial robot, whose motion is
programmable in at least one axis. The-preassembled apparatus or
apparatus system is then located priof to the beginning of the
wiring in a stationary position within the operating range of the
manipulator or industrial robot. The latter is assigned a
suitable control unit, in which the course coordinates required
for the laying courses are prbgrammed, such that the line-laying
mearnis e¥écute the moving and positioning motions necessary in the
operating process, and by means of suitable system components
(sensor system, etc.), perform further functions, such as the
aforementioned positional tolerance compensation, by means of
suitable system components (sensor system, etc.).

Alternatively, however, the procedure may be such that the
line-laying means are stationary or located at a positioning
device that imparts merely a positioning motion to them, while the

preassembled electrical apparatus or apparatus system is moved by
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Fine inserting position relative to the terminal. 8.  The nethod of claim
7, including the step of ascertaining the positional deviation of the

I“i ne-1 ayi ng means fromthe position of the termnal with the aid of
position sensing neans after the line-laying neans have been brought into
the vicinity of the termnal; and automatically conpensating for any
positional deviation. 9. The nethod of claim8, wherein Wﬁgﬁﬁ/ﬁ%wﬁf\ﬁ SHEET
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means of a transport means movable relative to the line-laying
means. The transport means is again connected to a programméble
control unit, which makes it possible to fully automatically
achieve the appropriate laying courses for the directly .wired
lines. The outcome of the work is therefore the same. " Which of
these two kinds of procedure will be chosen in a given case
depends, among other factors, on the type of apparatus or
apparatus system to be wired.

The relative motion between the preassembied apparatus or
apparatus system, produced in the manner described for the direct
wiring, can intrinsically be chosen arbitrarily as a function of
local conditions within the apparatus or apparatus system, and
even curved laying courses are possible. As a result, however, it
is practical if this relative motion is at least intermittently '
substantially rectilinear, so that at least intermittently
straight laying courses result. !

Forming the contacting zones at the various terminals must
be done in a way suitable for automation; that is, the line-laying
means must be capable, after their positioning at the applicable
terminal., of introducing the line into and contacting it in the
applicable contacting zone fully automatically. As has been
recdgn%%éé, this requirement can be met especially simply by using
contacting zones that have contact means operating by the
principle of the insulation displacement connection or contact (IDC)
method, or IDC technique; the line is pressed into the contact
means by the line-laying means, producing the electrical contact.
The IDC technigue produces a very high-quality electrical
connection of the electric conductor of the line to be connected
and the contact means, because it brings about a large-surface
area, gas-tight contacting in the manner of a cold wg}d. Since
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zascertaining the positional deviation includes: providing an image
and nDV|ng sai d |nage

processing system assigned to the line-laying nmeans;
processi ng- system for taking an inage close to the teg

——afre—f-urtirgr
i ncl udi ng the step of calculating conpensation for the REBSACENIT SHEES 4

and providing a correspondi ng output control signal.
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the conductor is contacted immediately after the insulation
is cut, oxidation of the conductor surface cannot occur as
it does it the line end are first insulated-off or stripped
in a separate operation prior to the contacting. For
fixation, the line upon being pressed in suitably firmly is
clamped on at least one side of the IDC contact means. The
pressing-in itself is advantageously done such that a
pressing-in force is exerted upon the line on both sides of
the IDC contact means, so that upon being pressed in, the
line remains perfectly aligned and is reliably both

" contacted and firmly clamped.

If through-wiring does not occur at the particular

terminal, the line is clipped immediately at the line-laying

means or, by suitable formation of tha IDC contact means,
directly at the line-laying means; at the same time, shock-
hazard protection for the contacted line end is produced.

Since stripping of its own insulation is not provided, there

will be savings at each terminal compared with other
connection techniques of a small length of line, which over

"the length of line required for the entire wiring represents

a noticeable economy.

As already referred te at the ‘outset, the new fully
automatic method of direct wiring can be employed without
prefabrication of lines etc. in intrinsically all apparatus
and apparatus systems. However, it has been fouﬁd that a
very Valuable application is to employ it for automatic

wiring of lighting fixtures or parts thereof. Such lighting

fixtures in fact have a relatively large light box, whose
dimensions are chosen with a view to the luminous bodies to
be accommodated in it, such as gas discharge lamps, etc.,
and also have some standardised associated- network elemerts
such as ballasts that are accommodated in the light box.
Wiring of the terminal of these network elements is often
done entirely manually at present; this is expensive and
difficult.

The novel wiring method is carried out with suitably
defined line-laying mwsans, which make it possible to carry
out the various functions required for the operating
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zof positioning the line-laying nmeans, the step of inparting an introduction
notion of a defined course length to the line in the region of the
termnal, with which notion the line is brought into the cg tabtiléﬂnEﬁ?ngHé%[r

the term nal
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9.

process. An especially suitable embodiment of such line-
laying means for this purpose is the subject of claim 20.

By providing a pressure member, located in the
vicinity of the mouth of the guide conduit or guide tube of
the line, for the like emerging from the mouth it is
attained that the line in this region can be pressed into
the contacting zone of the terminal in such a manner that it
is aligned and perfectly supported. High wiring safety in
the region of the terminals can thus be assured, while at
thé same time no remachining whatever is needed. The

‘contacting zone of the terminal is as a rule formed by the

aforementioned IDC technique, but the new tool can in
principle be used for other connection techniques as well
where it is crucial for a conductor end or conductor piece
to be introduced and in particular pressed in a
predetermined orientation exactly into a slit or into a
corresponding receptacle of a clamping device



11. The method of claim 1, wherein the relative notion between the
preassenbl ed el ectrical apparatuses or apparatus systemand the |line-laying
neans is, at least intermttently, substantially rectilinear. 12. The

met hod of claim1, wherein the contact elenents in the contacting zones are
I DC (insul ation displacenent connection) neans; and the Jine—s—pressed b
the line-laying neans into these contact el enents; and REPLACEN{JENT SHEET
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present at the particular terminal. _

In &n advantageous embodiment, the pressure member is a ram
guided longitudinally displaceably along the housing or along a
part of the laying tool connected to it; as a rule, the ram is
located parallel to and spaced apart from the so-called laying
prongféf the laying tool, the prong likewise being formed as a
raﬁ;'so that the conductor on being pressed into the contacting
zone is supported at two points spaced apart from one another by
the same distance. The mouth of the guide conduit or tube of the
laying tool is suitably located laterally on the laying prong on
the side toward the pressure member, and the préssure member and
the laying prong may have at least in some regions an essentially
equal, width, measured transversely to the longitudinal width of
the conductor emerging from the mouth of the guide conduit or
guide tube. A very.éimple design of the terminal can thus be.
achieved.

In order to clip the line at a terminal, an IDC contact may
for instance used, which has a clipper edge that becomes-operative
when the déndpctor is pressed into the contacting zone. In that
case it sSuffices to provide the aforementioned pressure member on
the 1ay%gg tool. If this kind of clipper edge at the terminal is
dispensed with, then it is advantageous if controlled clipper
means for the line are provided on the laying tool that have at
least one movable clipper blade in the region between the mouth of
the guide conduit and the pressure member. This clipper blade may
be supported so that it acts directly at the laying finger, with
the edge of the mouth of the guide conduit being formed as a
counterpart knife. Clipping of the conductor can be done either
next to the contacting zone or directly within .the contacting zone
itself.
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Encl uding the step of supporting the line, during the &Etting operation by
[ [ | ayi nmeans. 13. The met hod of claim 12, ef [
said line |aying %&égﬁﬂ {'\_\lfﬁ’HEET

upon being pressed in the contact neans, is subjected to-h [
force on both sides of the IDC contact neans. 14. The npthod of claim1l
wherein the line is firmy clanped on at | east one side o hel 7 QB Lc@f/ac

neans.

The nmethod of claim1l, including the step of

P,
|
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Finally, the laying prong of the laying tool is as a
rule fixedly located on the housing thereof, or on a part
connected to it; however, it may also be supported movably
and coupled to its own adjusting means.

As already explained, the new method for direct wiring

can be carried out especially simply using terminals whose
contacting zones are designed in accordance with the so-
called IDC technique. This technique is explained, for
instance in the journal entitled "Messen + Prﬁfen/Automatik"
[Measurement + Testing/Automatic Systems], July/August 1982,
pp. 491; 492; the design of corresponding IDCs or IDC-
contacts may be learned for instance from German Utility
Model DE-GM 88 04 388, published French Patent Application 2
330 159 and U.S. Patent 2,501,187. Based on this prior art,
the preferred object is to create a terminal for use in the
method referred to above, using the aforementioned line-
laying means, that is designed such that in a simple,
effective way it assures bperationally safe contacting and
fixation of the connected line and at the same time does not
hinder carrying out the @ethod automatically.

The terminal is formed according to a feature of the
invention with a slitlike or groovelike indentation provided
on the hbusing_of the clamping terminal means. This assures
on the-eme hand shock-hazard protection of the clipped end
of the line, without requiring additional method steps or
provisions for that purpose. Secondly, if necessary, it can

also provide ‘centering of the laying prong and/or pressure

member of the laying tool upon introduction of the line ‘into
the contacting zone. The IDC contact itself that is used
then upon introduction of the line brings about a certain
automatic height compensation, because the
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gutting the line directly at the line-laying neans. 16. The met hod of
claim12, including the step of cutting the line at the IDC contact neans.
17. The nmethod of claim 12, including the step of cutting the Iine
between spaced I DC contact neans of an apparatus, while the line is in the
contacting zone. 18. The nmethod of claim1, including the step of cutting
the line such that the end thereof is protected in the gWﬁ@AdEﬁ/ﬁt'{\ﬁ”gHEET
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only critical point is that the conductor be received firmly in
the IDC seat with a certain height tolerance range.

The introduction slit in the housing at the termlnal may
have a width that brings about a clamping fixation of a pressed-in
line, so that the line is fixed independently of the actual
coritacting zone. The indentation in the housing may also be
defined on both sides of IDC contacts or located on one or both
sides of an IDC contact.

DRAWINGS

The method of the invention is described below in terms of an exemplary embodiment,
in conjunction with the drawing. Shown in the drawing with respect to an example are:

— e S
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whereby the end will be automatically shock-hazard- proof protected and no
further positional novenent of the |ine-laying neans is required.
REPLACEMENT SHEET 1 7 JUL 1997 -36 -
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Fig. 1 in a perspective schematic view, a preassembled

light box of a fluorescent light fixture to be wired by the method of the invention;

Fig. 2, in a fragmentary perspective view on a different
scale, the terminals, formed in the according with the invention,

of a fluorescent lamp ballast choke for the light box of Fig. 1;
_ ' Fig. 3, a fragmentary plan view on a different scale of a
.terminal of the arrangement of Fig. 2;

Fig. 4, a plan view corresponding to Fig. 3 of a terminal
of the arrangement of Fig. 2, in a modified embodiment;

Figs. 5-7, side views in section taken aiong the 1line V-V
of Fig. 3, and line VI-VI and line VII-VII of Fig. 5,
respectively, of a clamping términal of one of the terminals of
the arrangement of Fig. 2; !

Fig. 8, a schematic perspective view on a different scale
of the terminals, formed according to the invention,:of the
clamping .block of the light box of Fig. 1;

Fig. 9, in a pefspective view on a different scale, the
terminals formed according to the invention of a lamp socket of
the 1ight-box of Fig. 1;

Fig. 10, a schematic side view of an dpparatus for carrying
out the method of the invention with the aid of an industrial
robot ;

Fig. 11, a plan view of the device of Fig. 10;

Fig. 12, a schematic side view of a device for carrying out
the method of the invention with the aid of a portal manipulator;

Fig. 13, a schematic side view of a further embodiment of a
device for carrying out the method of the invention, using a
manipulator, with a movable transport table;

- Figs. 14-20, a schematic detail view of the laying tool of

the device of Figs. 10 and 11 showing its association with the



19. The nmethod of claim 1, wherein the apparatus system conprises a |ight
fixture. 20. Li ne-l ayi ng neans, for carrying out the nethod of claiml1,
conprising: a line-laying tool having a housing defining a working side; a
guide conduit for the line on the working side of the housing, termnating
in a nouth of a laying prong; controlled feed neans for the_line;

y REPLACEMENT SHEET
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terminal of a fluorescent lamp choke of the light box of Fig. 1,
illustrating various chronologically successive phases in the
course of the method of the invention upon connecting the
endlessly supplied line.to the first terminal;

Figs. 21-29, each in a corresponding view, the arrangement
of Figs. 14-20, showing chronélogically successive steps of the
course of the method after the fixation of the end of the line,
during laying of the line to the next terminal, upon contacting,
and ensuing clipping of the line at that terminal;

Fig. 30, in a schematic plan view and on a different scale,
the light box of Fig. 1 in the wiring state after the conclusion
of the segment of the wiring illustrated by Fig. 14-29;

Figs. 31-33, in views similar to 'Figs. 14-19, the line-

i laying means of the device of Figs. 10 and 11 in association with
a fur;her fluorescent lamp choke of the:light box of Fig. 1,
illustrating'chronolégically successive steps in the course of the
method of the invention in producing the next wiring segment; and

Fig. 34, the light box of Fig. 30, in the state after the
production of the wiring segment produced by the method of Figs.
31-337
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at | east one pressure nenber located in the vicinity of the nmouth of the
gui de conduit for the line enmerging fromthe nouth, said _pressure nenber

bei ng novably supported for novenent substantially trans eﬁﬁﬁhPE@ﬁN“gﬁﬁégn
] ] g

axial direction of the guide conduit in the mouth region oS
on the pressure nenber for positioning the pressure menber{between a re
position of repose distant fromthe mouth and an operatijhg| pdst WiUin1o97n.
whi ch operating position the pressure nenber protrudes on
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The method for direct wiring of electrical apparatus
elements and circuit components of the apparatus systems
will be described below in conjunction with the wiring of a
rectangular light box 1, shown in Fig. 1, for two rod-shaped
gas discharge tubes eg. fluorescent light bulbs not shown in
further detail. For operation the light box is covered with _
a transparent or translucent acrylic glass hood or -
reflector, which is clamped in place in mounts or retainers
2 and not shown in further detail.

The light box has already been pre-assembled to the
extent that the necessary electrical switch elements for
receiving and. operating the gas discharge lamps -have been
secured in the correct positions by a predetermined location
plan'fixedly to the box bottom 3, for instance- being screwed
in place. In detail, four lamp sockets 4 of a known
construction a;e provided in the vicinity of the end walls
of the box, each in pairs facing one another, and two
magnetic fluoréscent lamp thokes 5 are assigned to each pair
and are locked on approximately the centre line of the box
bottom 3, on either side of line introduction openings 6, at
equal intervals from the end walls of the box. An

- insulating material base 7 that carries a capacitor 8 is
secured to the box bottom 3, also located on its centre
line, next to the line introduction openings 6. Terminals
for electric supply lines are provided on each of the lamp
sockéts 4, ballasts 5 and insulating material base 7; these
terminals are identified by reference numeral 9 for the iamp
sockets 4, reference numeral 10 for ballasts or chokes, and
reference numeral 11 for the base 7 of insulating material
of capacitor 8. These terminals 9, 10 11 are all designed
by the same basic principle with a contacting zone in
accordance with the IDC technique. Their form can be seen
in detail from Figs. 2 through 9; it will be described below
in particular in terms of the )
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one side spaced from and past an edge of a nouth of the guide conduit with
a pressure face aligned with the line protruding from the nouth, or .
substantially flush with the top of the edge of the nouth; controlled wire
cutting neans slidably novably | ocated on the housing adjacent the pressure
menber; and a slide surface for said wire cutting neans for
housi ng; and wherein said nouth, term nating the guide condgu
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terminal 10 of a choke 5, with reference to Figs. 2 through 7:

Each terminal 10 has a housing 12, made of insulating =
material and of essentially rectangular cross section, which is
placed on a base part 13, likewise produced from insulating
material; resulting in a unit-type connection clamping“terminal
that is secured at 14 to a stamped, upward-bent tab of a baseplate
15 of the choke 5. The two side walls 16 of the housing 12, which
is open at the top, have on their inside to formed-on ribs 17
opposite one another, which are located approximately in the
middle between the two face ends 18 of the housing 12 and between
them define a slightly wedge-shaped oxr parallel-éided introduction
slit 19 (Fig. 6), which is widened on its top by means of
introduction bevel's 20. In its lower region, the introduction
slit 21 is locally widened somewhat in a region in the shape of
part of a circle.

Two narrow grboves 22 facing one another extend into the
ribs 17 from below to approximately the height of the introduction
bevels 20} they receive the two legs 24, defining an IDC slit 23
open at the edge, of an IDC contact 25 made from spring steel or
spring bronze. The narrow, essentially U-shaped IDC contact 25 in
the form of a small plate is embedded on all sides in the
insulating material of the housing 12 except for the clipping
segments formed at the legs 24 and oriented toward the IDC slit
23; both legs 24 are limitedly movably guided in the grooves 22.
In a manner not shown in further detail, one end of the winding of
the choke 5 is connected to the IDC contact. Togethér with the
IDC slit 23, the IDC contact forms the contacting zone of the
terminal 10.

As can be seen particularly from Figs. 3 through 7, the

housing 12 has one groove-like indentation 26 of rectangular cross
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kocated in said slide surface, whereby an end portion of said line
projecting fromsaid nouth will be cut cleanly and a bottom side of the
edge of the nouth of said guide conduit will forma counterel ement of the

cutting force of said cutting neans. whereby said pressure—menber—can inser
the line into a contact element and the cutting means can BERLACBMENT reME&Y

position within a constricted, protected guide region of {artermrma—w-thpu
further novenent of said |line- |aying Tégpi. 17 JUL 1997

section each on either side of the ribs 17 and hence ad301n1ng the
introduction slit 19, each indentation be1ng open toward the top
of the housing 12 next to the introduction slit 19. The two
groove-like indentations 26 are located in alignment with one
another and with the introduction slit 19. They are likewise
defined toward the top by an introduction bevel 27. Figs. 5, 7
show that the depth of. the groove-like indentations 26 is greater
than the depth of the introduction slit 19, and that its width 28
is also substantially greater than the width of the introduction
slit 19.

The dimensions of the individual parts are selectéd such
that for an insulated conductor pressed in through the
introduction slit 19, the insulation is cut open in the IDC slit
23 by the legs 24 of the IDC contact 25, and at the same time a
gas-tight contacting takes blace between the IDC contact 25 and
the conductor that is deformed at the clamping point. The
pressed-in conductor is simﬁltaneously firmly clamped by its
insulation in the introduction slit 19 between the two ribs 17,
and the widening at 21 serves to assure that the line will lock
into-place in detent fashion at its insulation upon being.pressed
into the introduction'slit 19. The thus-fixed, connected line
extends through one of the groovelike indentations 26, (Fig. 2) while its
clipped end is located in the other groovelike indentation 26, as
will be described in further detail hereinafter. The width and
deﬁth of the groovelike indentations 26 and their axial length are
dimensioned such that contact protection is automatically produced
for the clipped end of the line. This means that a standardized
sensing prong, in the test for shock-hazard protection, cannot
penetrate as far as the bared, clipped end at the depth of the
associated groovelike indentation 26.
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#37 - 21. The line-laying neans of claim20, wherein the pressure member
is a ramlongitudinally displaceably guided on the housing. 22. The
l'ine-1aying means of claim 21, wherein the |ine-laying neans includes a

| ayi ng prong; and

REPLAGEMENT SHEET
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In the embodiment of the housing 12 described, two
groovelike indentations 26 aligned with one another are provided,
one on either side of the introduction slit 19, and their widtﬂ
"and depth are substantially larger than the diameter of the line

- to be received. It is also conceivable to leave out one of the
groovelike indentations 26, which is particularly worth
considering if the line is merely being laid continuously through
the terminal, as will also be described in further detail below.
In individual instances, both groovelike indentations 26 may even
be omitted. ' ' '

Fig. 4 shows a modified embodiment of the housing 12 in
plan view: In this embodiment, only one groovelike indentation 26
is present, which is defined in the housing 12a on both sides by
one pair 17 of ribs each with an intervening introduction slit 19
and by a contact element 25 protruding into, ;the slit with its legs.
24. The pairs of ribs are each formed on flush at the ends with
the side walls 16a in the housing 12a and are aligned by their
introduction slits 17 with the longitudinal axis of the groovelike
indentation 26.

' - While in the embodiment of Figs. 2 and 3 a clipped end of a
line I8 Tocated next to the contacting zone formed by the IDC
element 25 (see Figs. 27-29, for instance), in the embodiment of
Fig. 4 it is assured that the clipped end will be located in the
contacting zone defined by the two IDC contacts 25, or in other
words inside the housing 12a that is closed on all sides except
for the introduction slit.

The terminals 11 located on the insulating mater1a1 base 7
are fundamentally formed identically to the terminals 10, as can
be learned from Fig. 8. Reference is therefore made to Figs. 2-7

in terms of their description. Identical elements are identified
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the ramis |located parallel to and spaced apart fromthe |aying prong. 23.
The line-laying neans of claim 22, wherein the nouth of the guide conduit
is located laterally on the laying prong and on the side toward the
pressure nenber. 24. The line-laying means of claim 22, wherein the
pressure nenber and the | aying prong have, at least in part '
the same wi dth, nmeasured transversely to the |ongitudinal di
| ine emerging fromthe nouth

- 19 -

by the same reference numerals.

A total of three terminals 11 are located on the insulating
material base 7; two of them are combined into a connection clamp
unit marked 28, which has a unitlike housing 12b. Clamps are
indicated at 29 for internal connection to the terminals of the
capacitor 8.

. The terminals 9 of the lamp sockets 4 ére also
fundamentally equivalent to the terminals 10 of Figs. 2 and 3 in
design. 1In Fig. 9, identical elements are therefore again
provided with the same reference numerals and reference is made to
the description of Figs. 2 and 3. -

While for the terminals 10, 11 (Figs. 2, 8) the housings
12, 12b are however located with their introduction slits 19 and
the' groovelike indentations 26 pointing longitudinally of the
choke 5 or starter 6 and hence longitudinally of the light box
bottom 3 (Fig. 1), the arrangement for the lamp socketg 4 is made
such that the housings 12 are secured on a fastening base 30 of
the respeétive lamp socket 4, with introduction slits 19 and
groovelike indentations 26 extending transversely to the
longitudinal direction of the gas discharge lamps to be used and
hence of the lamp box bottom 3. In the lamp sockets 4, lines to
be connected must therefore be pressed into the introduction slit
19 in such a way that they extend at right angles .to the
longitudinal direction of the lamp box 3.

) The wiring of the light box 1, described thus far in terms
of its circuit elements 4, 5, 7 and their terminals 9, 10, 11, is
done with the aid of an industrial robot as shown in Figs. 10, 11
or a manipulator as shown in Figs. 12, 13 that moves the line-
laying means, as will be described below in conjunction with Figs.
13 ff: )



of the guide conduit. 25. The Iine-1laying nmeans of claim 20, wherein the
controlled cutting neans for cutting the line conprises at |east one cutter
bl ade novably | ocated in the regi on between the nouth of the guide conduit
and the pressure nenber. 26. The Iine-1aying means of claim 23, wherein

the cutting nmeans conprises a cutter blade which is operativ

y _supported

I mredi ately on the laying prong, and an edge portion of the Py
l i ne gui de” conduit AS%MLW?SHEET
- 20 -
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The line-laying means, identified overall by reference
numeral 31, are seated in the apparatus of Figs. 10, 11 on theé’
two-piece arm 32 of an industrial robot 33, which has a column 36
rotatable about a first stationary vertical axis 34, for instance
by a stepping motor drive 35, and the column carries a first arm
piece 37, which in the region of its free end is connected, via a
swivel bearing 39 that forms a vertical second pivot axis 38

parallel to the first pivot axis 34 and is provided with an

incremental rotational drive, to a second arm piece 40,

which

carries the line-laying means 31 on its outer end. The two drives
35, 39 can move the second pivot axis 38 along a ¢ircle 41 about -
the first pivot axis 34 and in the extended state of the arm 32

can move the line-laying means 31 along an essentially circular i

path curve 42; a reciprocating drive 43 associated with the drive

column 36 enables a controlled vertical raising and lowering
motion of the arm 32 and thus of the line-laying means 31. the

industrial robot 33 is assigned a stationary work table 44, with a

transport mechanism integrated in it as suggested by an arrow 45
(Fig. 10), which mechanism makes it possible, on the horizontal

work.-surface of the work table 44, to move successively

preassembled light boxes 1 of Fig. 1 from a remote readiness
position at 46 (Fig. 10) to the operating range of the line-laying
means outlined by the essentially circular path curve 42, as is
indicated at 47 by the working position of the light box 1 shown
in-Figs. 10, 11. In this working position 47, the light box 1 is
firmly clamped to the work table 44 in the correct position. The

associated clamping means are of a known type; they are not

further shown in Figs. 10, 11. Within its operating range, the

line-laying means 31 can be moved by the programmable industrial

robot 33 to any arbitrary location inside the light box 1 and can
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ks fornmed as a knife counterel ement. 27. The Iine-1aying means of one of
claims 19-26, wherein the laying prong is novably supported on the housing
and is coupled with its own adjusting neans. 28. Termnal, for use in the
met hod of one of clains 1-19, using the |ine-laying neans of one of clains
20-27, with clanping term nals containing the contacting z nﬁ

tern1na|s have a housing of insulating material wth at |egs Ed#@EMENT SHEET
introduction slit, open at the edge, for_ Qlllne
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be moved along any preprogrammed, defined course inside the llght
box 1.

The situation is fundamentally the same if the portal
manipulator 48 shown in Fig. 12 is used, in which the preassembled
light box 1 is firmly fastened in the correct position.on a light
box receptacle 50 on a stationary work table 49, and the line-
laying means 31 are located on a carriage 51 that is supported on
a portal 52 in such a way that it can be freely pProgrammably moved
both in an X direction represented by a double arrow in the
longitudinal direction of the light box and in a Y direction,
again represented by a double arrow, extending tfansversely to it.
Moreover, the line-laying means 31 are rotatably'supported on the
carriage 51 about a vertical pivot axis 53 (¢ axis). Each of the
axes of motion X, Y, ¢, like the reciprocation axis (z), are
assigned their own incremental stepping drives, which being
triggered by a freely programmable control unit can move the line-
laying means 31 to any arbitrary point along a particular
preprogrammed course within the fixedly clamped, preassembled
light box 31.

_______ E;nally, the relative motion between the line-laying means
31 and the preassembled light box 1 required for line laying, or
in other words for laying the terminals 9, 10, 11 of the
preassembled light box 1, can also be attained with the apparatus
of Fig. 13. Here the preassembled light box 1 is clamped to an XY
table 54 by means of the light box receptacle 50; the axes of
motion X, Y of this table are each represented by double arrows.
The line-laying wmeans 31 are carried by a positioning device 56,
located above the XY table 54 on a stationary carrier 55; this
device is capable of imparting a reciprocating motion in the Z
direction (represented by a double arrow) and a rotational motion



+38 - and at |east one IDC contact |ocated in the housing with an IDC slit
open at the edge toward the introduction side and aligned with the

introduction slit, wherein the preassenbled el ectrical apparatus or
apparatus system the housing of each termnal is provided with an

i ntroduction slit REPLACEMENT'S
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about the vertical axis 53 (¢ axis) to the line-laying means 31.
In this case as well, incremental drives for motion in the XY axis
or the zc axis are assigned to the XY table 54 and the positioning
device 56 and are triggered by a freely programmable control unit,
in such a manner that the line-laying means can be moved to any
arbitrafy site within the light box 1 along the particular
programmed course.

The line-laying means 31 in turn have preferably a so-
called line laying tool 57 with an optionally multiple-part
housing 58, which is secured to the arm 32 of the industrial robot
33 (Fig. 10) or to the carriage 51 (Fig. 12) or to the positioning
device 56 (Fig. 13). A vertical laying prong 59 of substantially
rectangular cross section is located on the underside of the

. housing 58 and includes an L-shaped curved line guide conduit 62,
which opens out in the region of a side wall at 60, a short
didtance from the flat bottom face 61 of the laying prong 59. The
line guide conduit 62 (Fig. 14) contained in the laying prong 59
is extended in the housing 57 in the form of a guide tube 65, to
which a belt drive for a line suggested at 68 and comprising two
pairs—-66—of belt rollers (Figs. 12, 13) and endless drive belts 67
wrapped around them, is assigned. ' '

The belts 67, each guided by one side parallel to one
another and a slight distance from one another are coupled via the
belt rollers 66 to an incremental drive that imparts a controlled
drive motion to them that is synchronized with the relative path
motion between the preassembled light box 1 and the line-laying
means 31; this motion can be generated when the wiring is done by
the devices of Figs. 10-13.
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accessible to the line-laying neans; that the housing on at |east one side
adjoining the introduction slit has a slitlike or groovelike indentation
that receives the line and whose width is greater, than the width of the

introduction slit; and that the dimensions of the slitlike or groovelike
indentation are such that a free end, located in the vicinity of the IDC
contact, of a line contacted in the IDC contact is received INREPL ACEME

shock- hazard- proof fashion in the slitlike or groovelike ind n-aLLéhLiﬁﬁ
that the - 23 -

A measurement system preceding the belt drive for the line
68 and comprising a measuring wheel 70 and a drive roller 71
elastically prestressed in the engagement position makes it
possible_to measure the exact feed motion of the line .68,
regardless of the slip that occurs between the endless belts 67 of
the belt drive, so that perfect synchronization of the line
feeding with the displacement motion of the -robot 33, the
manipulator 48, or the XY table 54. '

The laying prong 59 is as a rule rigidly secured to the
housing 57; it may, however, also be supported so as to be
raisable and lowerable in the vertical Z axis and providéd with a
suitably triggerable adjusting device inside thé housing 58. This
is suggested by a double arrow 72 in Fig. 12. !

As can be seen for instance from Fig. 14, a pressure member
movable vertically in the Z axis of a displaceable ram 76, which
is raisable and lowerable via an associated control drive in the
"interior of the housing 58, is-located laterally spaced apart from
the vertical, flat side face 60 of the laying proﬁg 59 that
contains the mouth 74 of the line guide conduit 62 - or on the
housing-58 itself as in Figs. 12, 13. The motion of the ram 76 is
controlled by program by the control unit as a function of the

_ displacement motion of the line-laying means 31. A sensor 77
(Fig. 14) coupled to the ram 76 outputs a check-back signal
indicating the position attained by the bottom face, acting as a
Pressure face 78, of the ram 76 to the control unit, so that an
exact adjustment of the height of the bottom face 78 of the ram 76
relative to the mouth 74 of the line guide conduit 62 is possible.

Finally, a clipper knife 79 is supported such that it can
be raised and lowered on the vertical side face 60 of the laying
prong 59; its associated drive mechanism, accommoaated in the



.slitlike or groovelike indentation formng a constricted gui de regi on and
‘the housing are adapted to the di nensions of the |aying prong and of the
pressure nenber of the laying tool of the |ine-laying nmeans. 29. The
term nal of claim28, wherein the introduction slit has L dth that brings
about a clanping fixation of a line pressed into it. 30. F@PL ' f
claim28 or 29, wherein the slitlike or groovelike indeft
housing is | ocated "

housing 58, is not shown in further detail. It can be advanced,
by the knife edge 80 (Fig. iG) located on its lower end, out of
the position of repose shown in Figs. 14, 16, 17 into a working
position shown in Fig. 27, in which it has smoothly clipped the
end of the line 68 protruding from the mouth 74 of the-line guide
conduii-sz. To that end, the knife edge 80 has overtaken the
opening of the mouth 74, with the underside 81 of the edge of the
mouth of the line guide conduit 62 acting as a counterpart knife,
as can readily be seen from Fig. 27, for example.

In principle, embodiments in which the knife 79 is given
its own counterpart knife, separate from the lafing prong 59, are
also possible. ;

With the aid of the line-laying means 31 described, which
is moved by the industrial robot 33 (Fig. 10, 11), qu example, by
a program along predetermined paths of movement, a preassembled
light box 1, which is provided at predetermined points of the
light box bottom 3 with the terminal 9, 10, 11 formed as
described, is automatically wired in the féllowing wéy, the
descriptiéﬁ"being made in conjunction with Figs. 14-34:

. An. insulated line 68, for instance drawn in endless fashion
from a supply coil 82 (Fig. 10), is threaded into the laying tool of the
line-laying means 31. This line runs between the measuring wheel
70 and the contact roller 71 and between the two endless belts 67
of the belt drive and is fed by the belt drive through the guide
tube 65 into the L-shaped line guide conduit 62. The belt drive
ﬁaS'moved the .forward end of the line 68 so far forward, in the
manner that can be seen from Figs. 12-17, that a segment 84 of it
(Fig. 17) protrudes from the mouth 74 of the line laying conduit
62, this segment extending to beneath the pressure face 78 of the

ram 76.



s6 as to be defined on both side by IDC contacts. 31. The term nal of one
of clains 28-30, wherein the slitlike or groovelike indentation is deeper
than the introduction slit.
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A preassembled light box 1 has been moved into the working
position 47 of Fig. 10 into the operating range of the industrial
robot 33 énd firmly clamped there in the correct position on the
work table 44 (Fig. 1i).' The ram 76 is. in its raised pesition of
repose_shown in Fig. 16; the knife 79 is also in its position of
repose above the mouth 74. The belt drive 66, 67 is not moving.

The industrial robot 33, controlled by program accordingly,
takes the line-laying means 31 with the laying prong 59 from a
remote position of repose into the vicinity of the first terminal,
which in this case is a terminal 10 of the left-hand choke 5 of
Fig. 1. In the process the laying prong 59 arriVes approximately
at the position of Fig. 14, in which it is locétéd above and
laterally offset from the terminal 10. .

In this pogition of the laying pfong 59, position sensing
means located on the housing 58 and taking the form of an image
processing system. 85 are located with the pircture taking device 86
of this system above the terminal 10. The image processing system
85 includes means for image evaluation, with the aid of which it
calculates the positional deviation of the laying prong 59 from |
the texrminal 10 and generates a suitable compensating control
signal. This signal is processed in the control unit in such a
way that the industrial rcbot 33 - or a positioning system located
between it and the line-laying means 31, similar to the
positioning device 56 of Fig. 13 - performs the requisite
positional tolerance compensation and positions the laying prong

.59 precisely in the correct position relative to the terminal 10.
Once this has been achieved, the laying prong 59 assumes the
position of Fig. 16, in which it is aligned'accurately above the
housing 12 and the groovelike indentations 26 therecf.

The ram 76 now moves to its lower operatiné position of
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Fig. 17, in which it rests with its pressure face 78, located on
the bottom of a longitudinal groove, on the end segment 84 of.-the
line, suiﬁably far advanced out of the mouth 74 of the line guide
conduit 92 and positions this segment precisely horizontally. The
end segmént 84 of the line can then be advanced farther if needed,
as far as the end of the pressure face 78. '

The laying tool of the line-laying means 31 and in
particular their laying prong 59 and the raﬁ 76 are siﬁultaneously
moved downward along the vertical Z axis. In the process,- the
horizontal end segment 84 of the line is pressed through the
introduction slit 19 of the: housing 12 at the ;érmihal 10 into the
IDC slit 23 of the IDC contact 25, until the line segment 84 locks
into place in the widened portion 21 of the slit (Fig. 6). 1In
this pressing-in motion, an equally great, uniform pressing-in
force is exerted from tHe top of the line guide channel 62 and the
pregssure face 78 on both sides of the introduction slit 19 upon
the horizontally retained end segment 84 of the line, so that this
segment is unable to escape, and satisfactory insertion into the
contacting zone of the terminal 10 is assured.

.. In this introduction and pressing-in motion, the insulation
is cut open by the clipper edges on the legs 24 of the. IDC
element, and satisfactory contacting is produced. At the same
time, the end segment 84 of the line is positionally firmly fixed
by the two ribs 17 on both sides of the IDC contéct 25, with

8light deformation of its insulation occurring in_ the process.

The ram 76 and the laying prong 59 have preferably - the
same width on their front end at right angles to the plane of the
drawing (Fig. 19), which is equivalent to the width of the
groovelike indentations 26, so that a satisfactory mutual spatial
association between the housing 12 and the laying.prong 59 and the
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ram 76 when the line segment 84 is pressed in is assured. The
elements now assume the position shown in Fig. 18. _

The ram 76 now moves upward into its final position or
position of repose and releases the end of the line segment This
31tuat10n is shown in Fig. 19. .

Since the end of the line segment 84 is recelved in the
groovelike indentation 26 in the immediate vicinity of the guide
groove 19, and this indentation has a length, Width and height
such that the free end of the conductor cannot be accidentally
touched from outside, and since the IDC contact.25 is embedded in
the insulating material of the housing 12 and is. likewise enclosed
all-insulated, i.e. protected against accidental contact from
outside, satisfactory shock-hazard protection is already attained
at the terminal 10.

The control unit now controls the motion of the industrial
robot 33 by program such that the layimng prong 59 moves frxrom the
contacted terminal 10 to the next terminal - termihal 11 - on the
insulating material base 7 over the rectilinear laying course that
can be .seen in Fig. 30, in the process laying the line 8. This is
illugtrated in Figs. 20, 21.

In the process, the belt drive 66, 67, controlled by the
control unit, is actuated in synchronism with this displacement
motion of the lafing preng 59 such that tension-free laying of the
line ensues. Optionally, in this displacement motion a vertical

motion in the Z axis may also be imparted to the laying prong 59,

for instance in order to place the laid line on the box bottom 3
(Fig. 1) or to compensate for a difference in height between the
terminals 10, 11, as suggested in Fig. 22. -

In the course of this displacement motion, the laying prong
59 is first merely brought to the vicinity of the terminal 11, to
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the position shown in Fig. 21 and Fig. 22, in which the image.
processing system 85 is located above the términal 11 and can
detect the spatial position of the terminal, which may certainly
also be influenced by unavoidable tolerances in the assembly of
the apparatus systems. '

The image processing system 85 now, similarly to the
process described above for the terminal 10, ascertains the
positional deviation of the laying prong 59 from the terminal 11
and via the control unit of the industrial robot 33 b:fings about
the positional tolerance compensation required for exact
positioning of the laying prong 59 relative to t_ﬂe terminal 11.
Once this operation has been concluded, the elements assume the
position shown in Figs. 23 and 24.

The ram 76 is now lowered from its final position or
position of repose into the working position, in which it rests
with its pressure face 78 on the part of the line 68, guided
horizontally here, that is emerging from the mouth 74 of the line
guide conduit 62; see Fig. 25. )

Néxt, the laying prong 59 and the ram 76 are lowered
simultaneously and in a fixed association both to one another and
to the housing 12 of the terminal 11; the line segment 84a
extending between the pressure face 78 and the top of the edge of
the mouth 74 is pressed, supported at two points on both sides of
the contacting zone, into the introduction slit 19 and the IDC
glit 23, until it reaches the detent position already described in
conjunction with Figs. 18 and 19. The line 68 is thus perfectly
contacted at its line segment 84a and ig firmly clamped and fixed
next to the contact point on both sides of its insulation in the
guide slit 19.

In the present wiring process, the line laid in the manner
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described is clipped at the terminal 11. This is done with the
knife 79, which moves downward and severs the line 68 directly at
the mouth 74 of the line guide conduit 62, with the edge of this
mouth acting as a counterpart knife. The elements now assume the
situatioh shown in Fig. 27. .

When the line 68 is clipped in this way, the end of the
laid segment of line, retained in the guide slit 19 of the
terminal 11, is bent downward, as Fig. 27 shows, from the oblique
face 86 adjoining the cutting edge 80 of the knife 79. This means
that the bare end face of the conductor, at thg cut face, is .
aimed toward the bottom of the surrounding grooﬁélike indentation
26, and consequently the shock-hazard protectioﬁ is substantially
increased. At the same time because of this bend a further.
mechanical fixation of the end of the line at the termipal 11 is
obtained. '

This concludes the procesg of wiring between the two
terminals 10 and 11. The knife 79 returns to its final position
or position of repose, as shown in Fig. 28.

Next, the ram 76 is returned to its f1na1 p081t10n or
position of repose, and the laying prong 59 is moved upward by the
industrial robot 33, whereupon the outset position for the next b
wiring step in the llght box 1 is already reached. This starting E
position is shown in Fig. 29. '

Depending on the wiring to be done, the line 68 may also be
;hrough-wired at the terminal 11, as an example. In that case
élipping of the line as in Figs. 27 and 28 is not done; instead,
following the situation shown in Fig. 26, the ram 76 is returned
to its final position or position of repose (see Figs. 19, 20),
whereupon the control unit as programmed causes the industrial
robot 33, the line-laying means 31 and thus the léying prong 59 to
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move along a preprogrammed defined path to the next terminal. -
This will be briefly described now in conjunction with Figs. 31-
33:

. The next following terminal is again a terminal. 10, but now
that of the right-hand choke 5 in Fig. 1. The line must be moved
past the choke 5. The choke 5, as can be seen particularly from
Fig. 2, is equipped in the region of both ends, at the top, with
two retaining elements 870 for lines 68. Each of the comblike
retaining elements 870 is provided with a row of parallel,
continuous detent grooves 88 of semicircular cross section, into
each of which one line 68 can be pressed via an-introdudtion slit
89.

In the line laying between the terminals 11, 10 (Figs. 26
and 31), the industrial robot 33 therefore, along a preprogrammed
path, takes the laying prong 59 first to the vicinity of the
respective retaining element 870. Once positioning of the laying
prong 59 has been done in the manner already described, by means
of the image processing system 85, the ram 76 moves downward and

either alone or jointly with the laying prong 59 presses the line
" irito one of the detent grooves 88. Néx;, the ram 76 is returned
to its final position or position of repose; the laying prong 59
moves upward and is moved to the next subsequent retaining element.
870, where the same process is repeated.

Following this, the laying prong 59 is moved to the
vicinity of the terminal 10 and positioned above it in the manner
already described, whereupon the ram 76 is again moved forward
until its pressure face 78 rests on the line segment 84a emerging
from the mouth 74. The elements assume the situation shown in
Fig. 32.

In the now-ensuing lowering motion of the iaying prong 49
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of the ram 76, not only is the line segment 84a fixed in the
introductidn slit 19, horizontzlly aligned and perfectly
supported, in the manner already described and contacted in the
IDC slit 23, but at the same time the line 68 is also bent _
downward to the level of the IDC contact 25. Once the :éontacting
is concluded, the elements assume the position of Fig. 33.

As the next step, the line 68 can either be clipped (as in
Fig. 27), or alternmatively it is through-wired to the next
following terminal, for instance a terminal 9 of a 1ati1p base 4.

Since for the lamp base 4 the introduction slits 19 are
aligned with the terminals 9 transversely to the longitudinal
'direction of the light box, the industrial robot 33 must rotate
the line-laying means 31 and here in particular the housing .58 of
the laying tool 57 having the laying prong 59 and the xam 76,
about the vertical axis (¢ axis) by 90°, before the then-bent li;1e
portion is introduced into ithe introduction slit 19 in the manner
already described. ' Lo

" The direct wiring, éarried_out By the method steps
. described, of the preassembled light box 1 is shown in Figs. 33,
34 for the f.ollowing two cases: First, the lire 68 is clipped
once it reaches the terminal 11 (Fig. 27), and second, it is
through-wired beyond this terminal (Fig. 31).

!
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The claims defining the invention are as follows:

1. A method for wiring terminals of electrical
apparatuses or apparatus systems with the aid of a
controlled mechanical line-laying means,

comprising the steps of:

providing a preassembled electric apparatus system
which includes the electric apparatuses, said apparatuses
having terminals fixedly located thereon;

said terminals comprising a contacting zone inciuding
a contact element and a constricted guide region of
insulating tﬁaterial,-

. relatively moving a first one of said terminals and
the line-laying means into operating range and correctly
relatively positioning the preassembled apparatuses and the
line-layir;g means by means of relatively motion_.'
therebetween; .

supplying the end of a line from a line supply means
to the line-laying means, and introducing said end into t%he
contacting zone of the first terminal to affix said end at’
that terminal and produce an electrical contact with the

contact element; .

relatively moving, along a predetermined path, the
preassémbled electrical apparatuses and the line-laying
means, and bringing every other terminal successively into
operating range of the line-laying means, thereby laying the
line, and positioning the line directly relative to the
Preassembled apparatuses,

' positively supplying, during each of these relative
.movements, from the line-laying means at least a length of
the line that corresponds to the distance between said first
terminal and a second successive terminal along a line-
laying course;

introducing, by means of the line-laying means, the
line at each terminai into the zontacting zone of the
respective terminal, affixing th2 line to the respective
terminal, and producing an elec:irical contact; and

then, without Zurther positioning movement of the
lineZlaying mzans, cutting off the thus-laid line at the end
©f the line-laying ccurse by szid line-laying means, in the

*- c L M s *
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region of the last terminal tc be contacted at a poStttom

within said guide region and inwardly of one end surface
thereof.

L 2. The method of claim 1, including the step of:

 bringing, a support or retention element into the
operating range of the line-laying means;

positioning the line correctly relative to said
support or element, and

introducing, by means of the line-laying means, line

into a line mount at the support or retention element and
securing the line to said support or retention element.

3. The method of claim 1, wherein said moving step
comprises: .

moving the line-laying means by a multiaxially
moveable manipulator or industrial robot, whose movement is
iprogrammable in at least one axis; and

. wherein the preassembled electric apparatuses dre

‘located in a étatior;ary position prior to moving the line-
laying means..

4 The method of claim 1, wherein:

“the lirie-lé\ying méans are located at a predetermined
location, optionally at a positioning device imparting a
positioning motion to them; and

wherein the preassembled electrical apparatuses are
moved by means of a transport means that is movable relative
to the line-laying means.

5. The method of claim 1, comprising the step of:

synchronising the line length supplied during line-
laying between two terminals by the line-laying means with
the relative motion between the preassembled apparatuses and
the line laying means, .

whereby since the beginning of the line is fixed at
the first terminal at the onset of laying a line, tension
relief required in direct laying of the line is attained
automatically.

* [ L M N *
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6. The method of claim 5, wherein the length of the
line length supplied by the line-laying means is dimensioned
of such length that the line laid between the terminals is
completely free of tensile strain.

7. ‘The method of claim 1, wherein said moving step
comprises:

controlling the relative motion between the
preassembled electrical apparatuses and the line-laying
means, such that the line-laying means approaches the
vicinity of the respective terminal; and '

then positioning the line-laying means precisely in a
line inserting position relative to the terminal.

8. The method of claim 7, including the step of
ascertajining the positional deviation of the line-laying
means from the position of the terminal with the aid of
position sensing means after the line-laying means have been
brought into the vicinity of the term:‘i.nal; and

automatically compensating for any positional
deviation. '

9 The method of claim 8, wherein the step of
ascertaining.the positional deviation includes:

providing an image processing system, assigned to the
line-laying means; and

moving said image processing system for taking an
image close to the terminal; and '

further including the step of calculating compensation
for the positional deviation and providing a corresponding
outptit control signal.

10. The method of claim 1, including after the step
of positioning the line-laying means, the step of

imparting an introduction motion of a defined course
length to the line in the region of the terminal, with which

motion the line is brought into the contacting zone of the

ok c L M S *

terminal.
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11. The method of claim 1, wherein the relative
motion between the preassembled electrical apparatuses or
apparatus system and the line-laying means is, at least
intermittently, substantially rectilinear.

12. The method of claim 1, wherein the contact
elements in the contacting.zones are IDC (insulation
displacement connection) means; and

the line is pressed by the line-laying means into
these contact elements; and

including the step of sﬁpporting the line, during the
cutting operation by said line laying means.

. 13. The method of claim 12, wherein the line, upon
being pressed in the contact means, is subjected to-a
pressing-in force on both sides of the IDC contact means.

14. The method of claim 212, wherein the line is
firmly clamped'on at least one side of the IDC contact
means. : -

15. The method of claim 1, including the step of
cutting™-the line directly at the line-laying means.

16. The method of claim 12, including the step of
. cutting the line at the IDC contact means.

17.  The method of claim 12, including the step of
cutting the line between spaced IDC contact means of an
apparatus, while the line is in the contacting zone.

18. The method of claim 1, including the step of
cutting the line such that the end thereof is protected in
the guide region-,

whereby the end will be automatically shock-hazard-
proof protected and no further positional movement of the

line-laying means is required.

* c L M S * .
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19. The method of claim 1, wherein the apparatus
system comprises a light fixture.
20. Line-~laying means, for carrying out the method

of claim 1, comprising: '
a line-laying tool having a housing defining a working |
side; '

a guide conduit for the line on the working side of
the housing, terminating in a mouth of a laying prong;

controlled feed means for the line;

at least one pressure member located in the vicinity
of the mouth of the guide conduit for the line emerging from
the mouth, said pressure member being movably supported for
movement sﬁbstantially transversely to the axial direction
of the guide conduit in the mouth region; .

positioning means on the pressure member for
positioning the pressure member between a remote position of
repose distant from the mouth and an operating position, in.
which op'érating position the pressure member protrudes on
one side spaced from and past an edge of a mouth of the
guide conduit with a pressure face aligned with the line
protruding from the mouth, or substantially £lush with the
top of the edge of the mouth;

controlled wire cutting means slidably movably located
on the housing adjacent the pressure member; and

a slide surface for said wire cutting means formed on
the housing; and

wherein sgaid mouth, terminating the guide conduit is
located in said slide surface, whereby an end portion of
said line projecting from said mouth will be cut cleanly and
a bottom side of the edge of the mouth of said guide conduit
will form a counterelement of the cutting force of said
cutting means whereby said pressure member can insert the
line into a éontéct element and the cutting means can cut
the line at a position within a constricted, protected guide
region of a terminal without further movement of said line-
laying means.

-_—
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21. The line-laying means of claim 20, wherein the

pressure membexr is a ram longitudinally displaceably guided
on the housing. -

22. The line-laying means of claim 21, wherein the
line-laying means includes a laying prong; and

the ram is located parallel to and spaced apart from
the laying prong. ;

23, The line-laying means of claim 22, wherein the
mouth of the guide conduit is located laterally on the
laying prong and on the side toward the pressure member.

24, The line-laying means of claim 22, wherein the
pressure member and the laying prong have, at least in part,
essentially the same width, measured transversely to the
longitudinal dirdction of the line emerging from the mouth
of the guide conduit. ' '

25. The line-laying means of claim 20, wherein the
controlled- cutting means for cutting the line comprises at
least one cutter blade movably located in the region between
the mouth of the guide conduit and the pressure member.

26. The line-iaying means of claim 23, wherein the
cutting means comprises a cutter blade which is operatively
supported immediately.on the laying prong, and

an edge portion of the mouth of the line guide conduit
is formed as a knife counterelement. '

27. The line-laying means of one of claims 19-26,
wherein the laying prong is movably supported on the housing
and is coupled with its own adjusting means.

28. Terminal, for use in the method of one of claims
1-19, using the line-laying means of one of claims 20-27,
with clamping terminzls containing the contacting zone which
terminals have a housing of insulating material with at

least one introduction slit, open at the edge, for a iine
-
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and at least one IDC contact located in the housing with an
IDC slit open at the edge toward the introduction side and
aligned with the introduction slit, wherein the preassembled
electrical apparatus or apparatus system, the housing of
each terminal is provided with an introduction slit
accessible to the line-laying means; that the housing on at
least one side adjoining the introduction slit has a
slitlike or groovelike indentation that receives the line
and whose width is greater than the width oﬁ'the
introduction slit; and that the dimensions of the slitlike
or groovelike indentation are such that a free end, located
in the vicinity of the IDC contact, of a line contacted in
the IDC contact is received in shock-hazard-proof fashion in
the slitlike or groovelike indentation; and that the
slitlike or groovelike indentation forming a comstricted
guide region and the housing are adapted to the dimensions
of the laying prong and of the pressure member of the laying

tool of the line-laying means.
29. The terminal of claim 28, wherein the

introduction slit has a width that brings about a clamping
fixation of a line pressed into it. :

30. The terminal of claim 28 or 29, wherein the
slitlike or groovelike indentation in the housing 'is located
s0 as to be defined on both side by IDC contacts.:

31. The terminal of one of claims 28-30, wherein the
slitlike or groovelike indentation is deeper than the’
introduction slit.

-
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PROCESS FOR WIRING CONNECTIONS OF ELECTRICAL APPLIANCES OR
COMPONENT ELEMENTS

ABSTRACT:

Wiring of terminals of. electrical apparatus or apparatus
systems (4, 5, 7) is done automatically in the course of the
direct wiring. A preassembled electrical apparatus or apparatus
system is made available with terminals (9, 10, 11) fixedly
located in it, whereupon by means of an automatiéally guided line-
laying tool (59), an endlessly supplied line (68) is moved into,
the contacting zones of the specially formed terminals, fixed
there, and either clipped or through-wired.

(Fig. 14)



