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An Automated Cable Assembly Machine

Ahand-built cable purchased from anoutside vendor, and used inlarge
quantities at the Denver Works toassemble AT&T private branch exchange
(PBX) systems, did notmeet quality, shipping, and costexpectations. There­
fore, Denver engineers began in-house automated production ofthis cable,
using robotics and custom-designed automation. This paper describes the
configuration and operation ofanautomated cable assembly machine com­
posed ofsixmajor workstations that, when operating simultaneously and
sequentially, completes one cable assembly every 30 seconds. Restocking
the machine with piece parts is the only manual intervention required.
Introduction

Producing cable assemblies usedfor
high-volume manufacturing traditionally has
beena labor-intensive operation. Whenthese
operations have been moved to outside ven­
dors to savemoney, the engineeroften has
beenfaced with unacceptable quality, high
inventory, anderraticshipping schedules.
AT&Ts Denver Works engineershave been
involved inusingautomated cable manufac­
turingfacilities to solve these problems, and
to reduceproduct cost.

Figure1 shows the product targeted
forautomation. The cableassembly consists
offifty strandsof26American wire gauge
(AWG) solid wire looped througha ferrite core.
The assemblies are used to terminate the tip­
ringwirepairsfrom the carrierbackplane to
the rear cabinet panel onAT&T PBX systems.
The ferrite core is included to reduceelec­
tromagnetic interference (EMI) emissions
from the cabling. Atoneend, the wires ter­
minate at a 5Q.contact insulation-displacement
ribbon connector, i.e., an electrical connector
with a molded plastic "ribbon" that provides
retention and separation for two rows ofleaf
contacts. Atthe other end are two insulation­
displacement grid connectors that matewith
.025 inchsquarepinsspaced .125 inches
apart. The assembly is about8 incheslong.

Development ofthe cable machine
beganin February 1987. Some earlystudies
with model stations supported the feasibility
ofthe project. The machine, shown in Fig-

ure 2,wasconstructed andpartially devel­
opedin an engineering laboratory, andwas
moved to the manufacturing shopinAugust
1988. The machine wasfully developed and
operational in February 1989.

Mecblne DescrIption
Figure 3 is a schematic represen­

tation ofthe automated cable assembly
machine. It is composed ofcustomized sta­
tions andmechanisms designed at the Den­
verWorks, as well as commercially pur­
chasedparts including a robot, aircylinders,
controllers, motors, anddrivers.

The machine's basicoperations are
wire pulling, cable taping, connectorization,
andwire identification. The robotandother
fixtures andhandling devices supplement
these basic operations.

Control System Description
The control system, shown as a block

diagram in Figure 4, includes the controller
purchased to operate the Adept" robot; an
AT&T PC6300 personal computer to control
stepping motors andprovide the operator
interface; a largedigital input/output (I/o)
bus addition to the robotcontroller; several
programmable indexers to control motor
movements; modules to interface sensorsto
the I/Ostructure; airvalves that allow I/Osig­
naling to be converted to a mechanical opera­
tion; andRS-232 interfaces between the
PC6300 andthe cable machine.
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Panel 1. Terms and Acronyms In This Paper

AWG - American wiregauge,a meansto specify wire
diameter

EMI - electromagnetic interference
I/O- computer input/outputbus
indexer - electronic control unitthat provides a

computer interface to activate a stepping motor
mandrel- shaftor bar, the end ofwhich is inserted

intoa workpiece to holdit duringprocessing
PBX - Private Branch Exchange, local telephone

switching system
ribbon connector - electrical connector with a

molded plastic "ribbon" that provides retention
and separation for two rows ofleafcontacts

RS-232 - computer serialinterface
stepping motor- multiphase motorthat rotatesa

fixed numberofdegreesas its phasesare
activated in sequence

vibratory feederbowl- mechanism driven bylow
level vibration that causesparts to ascendan
inclined spiral on the outside ofa bowl-shaped
container

The software driving the processis written in
V+® in the robotcontroller and QuickBASIC® in the
PC6300. (Adept andV+are trademarks ofAdept Tech­
nology, Inc.; QuickBASIC is a trademark ofMicrosoft
Corporation.) The software simultaneously drives each
process and synchronizes allprocesses.

Special interface andcommunications tech­
niques keepthe controllers synchronized to achieve
cycle timesunder30secondsper assembly. Incritical
timing areas,the communication is viahardware I/O
handshakes (i.e., signals transmitted overa communica­
tions network that connect the two parties). In areas
where timing is notcritical, the communications isvia
RS-232 interfaces.

The Adept robotcontrols the machine's major
functions, with software that takesfull advantage ofVe's
capability ofallowing multiple processcontrol programs
to run independently yet synchronized.

The PC6300 controls the stepping motors at the
connectorization and identification stations, coordinating
with the Adept controller that moves assemblies through

Rgure 1. The cable assembly targeted for automation. It
consists of fifty strands of 26 American wire gauge (AWG)
solid wire looped through a ferrite core. It connects leads
from the carrier backplane to the rear cabinet panel on
AT&T PBX systems.

these stations andcontrols the aircylinders that dothe
combing and insert the wires into the ribbon connector.
The stepping motor indexers have internal processors
running software downloaded from the PC6300. Special
techniques allow connectorization within the stepping
motor indexers while the identify-and-eollate process is
controlled by the PC6300. These techniques include
usingthe PC6300's interrupt capabilities, andhardware
handshakes among the controllers, the stepping motor
indexers, andthe Adept controller.

The software foreachstation includes checksto
ensure that incomplete or incorrect assemblies are not
allowed to proceed further. Where possible, automatic
error correction is performed.

The process' complexity requires that the opera­
tor be informed aboutthe causeofanystoppage. Infor­
mation from the Adept controller or PC6300 is displayed
and interpreted onscreenforoperator action. That is,
the operator receives a suggested courseofcorrective
action, including the steps to restartautomatic opera­
tions. All operator responses are via the PC6300's func­
tionkeys. To ensureoperator safety if an error condition
occurs, all processes in bothcontrollers mustbe stopped
before the operator takesaction.

Operator, maintenance personnel, andvisitor
safety is furtherensuredbya lightcurtain around the
machine. If anyone enters the protected area, the light
curtain detectsthem and interrupts the processors to
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Figure 2. The
automated cable
assembly machine
that was developed
for AT&T's Denver
Worksand made
fullyoperational In
February 1989.

halt machine operations. The machine canbe restarted
without losing the product beingmadeat the time.

Machine Opendlon
The wires that makethe assembly come on

spools loaded ontoa rack. This setupallows the wiresto
be pulled from the spools without tangling or twisting.

The machine simultaneously pulls 26wiresfrom
the spools, measuresthemto length, andstraightens
them. The wires from the rackare threadedthrougha
heating chamber, and then througha wire straightener.
The heater softens the insulation to remove the plastic's
tendency to remain coiled. The straightener uses an
arrayofcurved tubes to straighten the wires. After
straightening, the wiresare laced througha clamp
mechanism that holdsthem duringpulling. Awirespac­
ingblock holdsthe wires inalignment with the contacts
ofthe grid connector. The puller mechanism is an air
cylinder that draws the straightener, clamps, andspacing
block forward to meet the grid connector.

The gridconnector vibratory feeder bowl has
forced air blow-off devices to ensure that the connectors
feed flat andone layerdeep. Asensorlooks for the
properconnector orientation. Anair blastreturnsany
improperly oriented connectors to the bottom of the
bowl. The bowl feedsthe gridconnectors into a track
that guidesthemto an escapement andholding mecha­
nism. This mechanism picks oneconnector at a time
and positions it so the wires from the wire pullercanbe
placed into the connector byinsertion blades at the
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gridconnectorization station.
Aservo motormoves a pairofinsertion blades

to eachpairlocation on the connector. The blades,
operated by aircylinders, insertthe wires into the con­
nectors' insulation displacement contacts.

The final assembly requires25pairs ofwires,
allocating these pairson the two gridconnectors places:
13wire pairson the first, and 12wire pairson the second
connector. This is accomplished bynot terminating the
top pairofwires on the second connector. After the
wires foroneconnector have been inserted, andthe wire
puller has returnedto its homeposition, the wires are
cut to a predetermined length.

The gridassemblies are moved from the grid
connectorization station bya pick-and-place mechanism
equipped with two stoppoints that allow two gridsto be
placed inadjacent holding slotsat the taping station.
After bothconnectors are present, the wires are gath­
ered bya mechanism that moves away from the connec­
tors toward the freeends ofthe wires, forming a small
compact bundle near the wire ends.The taping mechan­
ismpulls a presetlengthoftapefrom a roll, cuts it,and
transfers it to the wire bundle viaa vacuum holding plate.
Aspinning cavity is opened andplaced overthe tapeand
the end ofthe wire bundle. The cavity is closed andspun,
wrapping the tapeonto the wire bundle. Taping allows
the wire bundle to be threadedthroughthe holeinthe
ferrite core.

The samepick-and-place mechanism that moved
the grid assemblies from connectorization to taping also
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moves themfrom taping to a pallet loading position. The
assemblies will move throughthe remainder ofthe
machine on small pallets.

Apallet containing one partially processed
assembly is transferred to the robotstation. The robot
gets oneferrite core at a timefrom the end ofa feeder
trackfilled by a vibratory feederbowl. Afree end clamp
locates the end ofthe wire bundle so the robotcanfeed
the core overthe bundleto a holding position on the pal­
let.Mechanisms underthe pallet closethe coreclamp
holding it in place. The freeend clamp reestablishes the
wire bundle end location. The robotpicksup the free
endofthe wire bundle, insertsit intothe core,and
pushesthe wire bundle a small distance intothe core.
Mechanisms on the pallet, activated from beneath, keep
the bundle from backing outofthe corewhenthe robot
moves backto get a newgrip. After several pushes, the
wire end protrudes throughthe core. The robotgrasps
this end, pulls the wires, andforms the correctsizeloop
throughthe ferrite core.The tapedend is no longer
needed, and is removed at a cable cutting station.

The pallet with the partial assembly is now
transferred to the combing position, wherethe combing
action arrangesthe bundleofwiresin a single-file queue.
Mechanisms press the bundleand rub the wires with a

Figure 3. Schematic representation of the automated cable
assembly machine. It Is composed of customized stations
and mechanisms designed at the Denver Works, as well as
commercially available parts such as a robot, air cylinders,
controllers, motors, and drivers.

smooth metal bar.After queuing, the wires are pushed
bya spring-loaded rod into a longslotthatendsina
notchonewire diameter deepon the periphery ofa step­
pingmotor-driven disk, known as the wire pick disk.
Turning this diskwith the stepping motor removes one
wire at a timefrom the queue. Eachwire is moved to a
position wherea sharpened blade pierces the insulation.
This sharpened blade is partofa continuity test circuit
that allows the wire incontact with the blade to be identi­
fied throughtest probesthat contact the gridconnectors.

After a wire has been identified, oneoftwo racks
containing notches foreachwire is moved so the notch for
its location is aligned with an exitslotfrom the wire pick
disk. Whenthe diskmoves to the exitslotlocation, a
spring-loaded ejector pushesthe wire outofthe pick disk
intothe notch inthe rack. These racknotches are filled
with wiresin the correctsequence fortermination inthe
ribbon connector.

The identification racksmove the sortedwires to
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Figure 4. Block
diagram of the control
system, which
Includes the con­
troller that operates
the Adept® robot; an
ATaT PC6300 per­
sonal computer to
control stepping
motors and provide
the operator Inter­
face; a large digital
Input/output (I/O)
bus addition on tlie
robot controller;
several programmable
Indexers to control
motor movements;
modules to Interface
sensors to the I/O
structure; air valves
that allow I/O signal­
Ing to be converted to
a mechanical oper.
tlon; and R5-232
Interfaces.

Stepping motor I/O Pamux I/O

a transfer station wheretheycan be unloaded. Theythen
return to the identification station to beginwork on the
nextassembly while the connectorization racksretrieve
wires from the transferstation to complete the assembly.

Ribbon connectors are provided to a feed chuteby
a vibratory feederthat removes allbut two alignments of
the connectors beingfed. Adetectorin the feed chute
determines if the connector is in the correctorientation.
Astepping motor-driven turntable inverts connectors fed
with the incorrect orientation. Correctly oriented connec­
tors pass throughthe turntable without inversion. The
connector is now located in a nest that,whenactivated by

an aircylinder, positions it infront ofa mandrel that cap­
tures andaccurately locates the connector. (A mandrel is
a shaftor bar, the end ofwhich is inserted into a work­
piece to holdit during processing.) The mandrel contain­
ingthe connector is moved intothe wire insertion area.
Eachcontact location on the connector is aligned with a
wire guideslotbya stepping motor driving the mandrel.

The connectorization racksadvance to the con­
nectorization station, wheretheybringeachwire pairto
the unload slotsin sequence. Aspring loaded ejector
pusheseachwire outofits rackandintoa notch ina
wire pickwheel. The wheels are then turnedbya
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stepping motorthat pulls the wiresintothe guideslots
aligned with contact pairson the connector. The inser­
tionbladesare activated byaircylinders that force them
throughthese slots. Cutters, working with the insertion
blades, trim the wiresto the correctlengthjustbefore
the bladesinsertthe wiresinto the connector. The dis­
cardedwirepieces include the damaged sections ofwire
pierced duringthe wireidentification process.

The gridconnectors are electrically probeddur­
ingconnectorization to verify the insertion process. This
combined verification and identification processprovides
a fully tested product.

After connectorization, the completed assembly
moves to an unloading position, wherea small pick-and­
place device places- it on an accumulation conveyor.

The pallets that holdthe assemblies are moved
from one station to anotheron power-and-free conveyors.
These conveyors are chains with extended rollers on
which the pallets ride. The pallets are halted at eachsta­
tionbyan extended pin-stop, andare allowed to move to
the next station whenthe pin-stop is retracted. Eachsta­
tionhas a sensorto determine ifa pallet is present.

Elevators at both ends ofthe conveyor raiseor
lower a pallet from the workconveyor to the return con­
veyor under the stations.

R....1ts
The original, manually produced version ofthe

cable assembly wasunacceptable. The new, automated
assembly method provides a uniform, high-quality pro­
ductat halfthe costofthe manually builtversion.
Because production takes place in the Denver Works,
inventory andits associated costsare reduced.

The low costofthis cable madeit attractive for
use in newAT&T PBX systems. This increased usage
drove production volumes beyond the design capability
ofone machine. Additional production capability waspro­
vided bya second machine that wasinstalled in May
1990. The cables' continued use suggeststhat both
machines are satisfying their users' needs. Eachmachine
currently produces 3,500 assemblies per week, with a

proven weekly capability of5,000 assemblies. The assem­
bliesare also exported forsystems builtinAustralia, Ire­
land, andItaly.

Conclusion
In future designs ofcomplex automation, the

increased costassociated with usingmotion controls with
feedback versusnofeedback should be evaluated. Those
with feedback provide potential savings from improved
process yields. Machine controllers needinformation
aboutcritical processes obtained throughdifferent types
ofsensors. Carefully defining critical processes andwhat
could causefailures in these processes leadsto proper ini­
tialdesign ofcontrol system information needs. Using
automation forother highvolume cable assemblies is
feasible andeconomically attractive.
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