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[57] I ABSTRACT 

A microcomputer based system which provides a fast, 
error-free method of electrical harness fabrication and 
testing. Each connector into which the harness will be 
wired is mounted on a receptacle containing a multiplex 
transponder, a plurality of which are in turn connected 
in parallel through a common data cable to a control 
ling computer. A video display is provided for interac 
tion between the operator and the computer. As each 
wire is connected between the appropriate connector 
pins, the computer, through the common cable and 
multiplex transponders, measures the connection resis 
tance. Error messages and wiring information are dis 
played. Each multiplex transponder comprises a plural 
ity of analog multiplexer/demultiplexer parts for con 
necting a common transmit data line in the connecting 
ribbon cable to any predetermined connector pin, and 
for connecting any connector pin to the common re 
ceive line of the connecting cable to allow testing the 
resistance between any electrical points. As a system 
initialization step, the computer ‘automatically codes 
each'multiplex transponder with a unique address so 
that a plurality of otherwise identical multiplex tran 
sponders on the formboard may be identi?ed by the 
computer. 

20 Claims, 17 Drawing Figures 
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MTCROCOMPUTER ASSISTED ELECTRICAL 
HARNESS FABRICATION AND TESTING SYSTEM 

TECHNICAL FIELD ' 
The invention relates to the ?eld of fabrication and 

testing of electrical wire harnesses and, in particular, to 
the fabrication and testing of wire harnesses, using a 
microcomputer. - 

BACKGROUND OF PRIOR ART 

The requirement in the electronics industry for large 
numbers of complex wiring harnesses for use in elec 
tronic systems has led manufacturers to create many 
means of electrical harness fabrication in an effort to 
achieve the most cost-effective methodology. How 
ever, today’s spectrum of solutions, .including auto 
mated mass wiring techniques for industries that require 
large numbers of identical harnesses, i.e., the automobile 
industry, are very costly in the majority of cases where 
limited quantities of harnesses are required. Lacking a 
better solution, the electronics industry has for the most 
part maintained a system of fabrication based on unas 
sisted manual wiring. This manual production method 
has been to assemble electrical wire harnesses on shop 
aides called “formboards”. - 
One harness assembly method is known as the “cut to 

length” method. The actual length and type of wire to 
be cut is established during the initial development of 
the harness. Next the appropriate designation charac 
ters are hot stamped onto the wire at customer speci?ed 
intervals and other wire identi?cation such as tabs, 
sleevings and identifying nomenclature are attached. 
Identi?ed wires are then sorted by placing them on a 
rack according to the ?rst end plug to which they will 
later be terminated. Once the racking is completed the 
grouped wires are lugged or soldered into the respec 
tive connectors, called “?rst end” plugs, according to 
information provided by a wiring document; Preassem 
bled ?rst end plugs are then consolidated to form a 
harness complement and are shipped to the formboard 
upon schedule demand. 
The harness to be assembled requires preprinted wire 

cards, or equivalent, to supply information on the form 
board wire routing and second end termination. The 
formboard sequence starts by placing the ?rst end plug 
on the board and manually sorting through the wire 
bundle to select a particular wire, routing the selected 
wire according to the information on the wire cards, 
trimming the wire to an exact length, and then terminat 
ing that wire with a lug or pin at the second end loca 
tion. These events are repeated until all harness wires 
have been installed and then the completedassembly is 
inspected. This process is time-consuming when left up 
to the discretion of the operator, ‘since a signi?cant 
amount of time is spent in looking for the appropriate 
wires. A more structured method of harness manufac 
ture is not currently available and present methods are 
limited to the necessity of the operator getting informa 
tion from wiring documents called “wire cards”; 

Prior to wrapping and tie-up, the entire harnessis 
lifted from the formboard and. continuity tested by 
means of automatic circuit test equipment, commonly 
manufactured by DITMCO and others. When errors 
are detected the test machine reaction is to print out a 
series of symbolic codes representing the error location. 
These error codes must be deciphered, andthe results 
along with the harness are returned to the formboard 
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2 
for correction. Recycling of the harness through auto 

_ matic circuit test and ‘repair occurs until the harness is 

error-free. . “ 

Once the wire harness has been certi?ed as correct, it 
_ is remounted on the formboard for ?nal assembly. Each 
plug receives packing to insure a certain amount of wire 
strain relief at the point of pin insertion. The cables are 
also .tied with lacing to secure the loose collection of 
wires into tight bundles. Labels are then af?xed identi~ 
fying the various branches of the cable to identify wire 
card callouts. Final inspection follows checking for 
correct nomenclature, recessed pins, and general cus 
tomer acceptance speci?cations. Thereafter the harness 
is shipped as a sold item ready for installation. 

SUMMARY OF THE INVENTION 

vA microcomputer based system constructed in accor 
dance with the present invention provides an alterna 
tive and effective aid in identi?cation, routing, termina 
tion and test evaluation during the fabrication process. 
Furthermore, on-line real-time error detection elimi~ 
nates costly recycling of defective harnesses between 
‘the formboard and test stations. 

Industry requires a microcomputer based system to 
reduce the high cost of harness fabrication to provide a 
fast error-free method of electrical harness fabrication. 
Speci?cally, the program inherent-in the present inven 
tion eliminates paper searches, includes a forced se 
quencing scheme, tests each wire as it is connected to its 
associated plug, reduces the number of required inspec 
tion points, and eliminates the need to remove the har 
ness from a fabrication to a test station. . 

The system described herein comprises a plurality of 
multiplex transponders mounted on a formboard, a sin 
gle transponder unit being able to service one or more 
harness connectors at each location. The multiplex tran 
sponders are connected to the formboard by any con 
ventionalm'eans and comprise a receptacle into which 
the individual harness connectors may be plugged. 
Since the multiplex transponders and their associated 
receptacles are located at appropriate positions on the 
formboard, and since ‘the wire paths are also clearly 
delineated on the formboard as well as by display, the 
operator may proceed to wire together the connectors 
using wire and methods standard to the industry. 
The computer is connected to every multiplex tran 

sponder by a single ribbon cable containing common 
data and address lines. The multiplex transponders are 
clipped into this ribbon cable in parallel. One multiplex 
transponder for one or more harness connectors is pro 
vided on the formboard. To the extent that a plurality of 
connectors may be identical, the corresponding multi 
plex transponders units are identical. In order for the 
computer to differentiate between identical transpon 
dyers, a preliminary auto-coding step is involved. Auto 
coding is a procedure whereby the computer assigns 
unique addresses - or identi?cation numbers to every 
transponder so that, for subsequent wiring operations, 
all wires and transponders are uniquely identi?ed. 
The computer also is connected to a video display 

which may be a cathode ray tube (CRT) monitor or 
equivalent which issues wire preparation, wiring, error 
and‘ set up instructions to the operator. Further, the 
display providesv a graphicdisplay of the wire termina 
tion points and pattern. The system is interactive in that 
the display is supplied with a light pen so that the opera 
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tor may chose between various options during the 
progress of fabricating the harness. 

After the system has been initialized the computer 
will direct the display to indicate the operator the ?rst 
wire to be connected, by connector and pin numbers, 
for the ?rst and second end. After the wire has been 
terminated at both ends, the computer, by means of the 
multiplex transponders, will‘ determine which points 
have been connected, and either direct the operator to 
the next wire to be added to the harness in case the ?rst 
wire was affixed correctly, or display an error message 
if the ?rst wire was af?xed incorrectly. Thereafter, the 
operator continues to af?x wires until the harness is 
completed. At ,this point the harness has also been fully 
tested and therefore no separate test process or test 
apparatus need be provided. 
During the initial set up of the formboard, a drawing 

showing the locations of the connectors, multiplex tran 
sponders, and wire paths is af?xed to the top of the 

. formboard and the multiplex transponders and devices 
for de?ning the wire paths are af?xed through the 
drawing to the formboard. After a ?rst harness is assem 
bled, the formboard may be converted to fabricate a 
second and different harness by removing all of the 
hardware from the formboard, removing the harness 
drawing from the formboard, af?xing to the formboard 
a second harness drawing, affixing onto the formboard 
the appropriate multiplex transponders corresponding 
to the harness connectors, affixing the appropriate wire 
path de?ning stanchions, and loading the computer 
with the data pertaining to the second harness. At this 
point the operator may obtain a wire bundle and con~ 
nectors appropriate to the second harness and begin 
fabrication. Because the same formboard, multiplex 
transponders, ribbon cable, computer, and display are 
used for a diversity of harnesses, a requirement for the 
provision of a separate formboard for each different 
‘type of harness is eliminated. 

The system comprising a computer, display, ribbon 
cable and multiplex transponders is also useful for test 
ing harnesses that have already been built and installed 
in electronic systems or vehicles such as aircraft. In this 
case, a typical harness test procedure would be to re 
move the equipment from the electronic racks or bays, 
thereby exposing the harness connectors, connecting 
the multiplex transponders to the connectors, connect 
ing all transponders with a common ribbon cable, and 
testing the harness with the same program and appara 

‘ tus that was used to fabricate it initially. This is an im 
provement over present methods of testing cables 
where, as is common in the industry through the use of 
machines known as “DITMCO” machines, dedicated 
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on a wire-by-wire basis as each wire is connected into 
the vharness. 

It is a further object of this invention to provide elec 
trical means in the form of multiplex transponders for 
communicating between a plurality of connectors of the 
harness and a single ribbon cable connecting the plural 
ity of multiplex transponders to the computer. 

It is a further object of the invention to provide a 
novel and improved portable, simple system for the 
testing of harnesses in place in electronic equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overall perspective view of a microcom 
puter harness fabrication and testing system embodying 
the present invention. 
FIG. 2 is a simpli?ed side elevation view of a multi 

plex transponder.~ 
FIG. 3 is a schematic diagram of the multiplex tran 

sponder circuit.‘ 
FIG. 4 is a schematic diagram of the interface cir 

cuits. 
FIGS. 5A through 5M comprise a flow chart of the 

computer program used in the described embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a perspective view of a typical embodiment 
of the system, showing a ribbon cable 10 connecting a 
computer 11 to a plurality of multiplex transponders 12. 
The ribbon cable 10 in the described embodiment con 
tains twenty-?ve conductors. Each transponder 12 has a 
mechanical apparatus for allowing the transponder 12 
to clip onto and make contact with the electical conduc 
tors of the ribbon cable 10 which allows for rapid as 
sembly of the system. The transponders 12 are posi 
tioned on the formboard 19 according to a blueprint 21 
which is placed over the formboard 19 and which indi 
cates not only the positions of vthe transponders 12 but 
also the positions of the stanchions 20 which hold the 
wires of the harness 9 in their appropriate paths. These 
stanchions 20 are shown as posts in this ?gure but any 
alternative wire restraining device could be used. The 
positions of the tranponders 12 and the wires of the 
harness 9 are shown on the blueprint or drawing 21. 
The assembly procedure, therefore, is to attach a blue 
print 21 onto the top surface of the formboard 19, to 
af?x the transponders 12 at their appropriate points on 
the blueprint 21, to connect the ribbon cable 10 between 
all of the transponders 12, and to affix the stanchions 20 
in their appropriate places. 
Each multiplex transponder 12 is housed within a 

' housing 23 as shown in FIG. 2 containing on its under 

wire-for-wire interconnect cables are required to be \ 
built for each harness connector, the sum of these cables 
being brought back to a central test site for analysis. 
One major difference between prior art systems and the 
system described in this speci?cation is that in the pres- ' 
ent system the multiplex transponders are connected 
with a single ribbon cable to the central computing 
apparatus, whereas in prior art systems a separate cable 
must be supplied from each connector to the central 
computer. 

It is thus an object of this invention to provide novel 
and improved apparatus for the fabrication and‘ testing 
of a harness at a single location. I 

It is a further object of this invention to provide appa 
ratus for enabling testing of the harness to .be performed 
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‘side two nails 22 so that the transponders 12 are in 
stalled on the formboard 19 simply by pushing the nails 
22 through the blueprint 21 and into the surface of the 
formboard 19. FIG. 2 is a simpli?ed view of one multi 
plex transponder 12. The nails 22 are mounted on the 
tranponder housing 23. The electronic circuits are 
housed within the housing 23 and are connected to a 
receptacle 24 which mates with one of the harness con 
nectors 25, the wire harness 9 containing a plurality of 
connectors 25. To the extent that a plurality of different 
kinds of connectors 25 are used, there must be an equiv 
alent number of multiplex transponders 12 containing 
the matching receptacles 24. Likewise, to the extent 
that there is a plurality of identical connectors 25 in the 
harness, a plurality of identical multiplex transponders 
12 can be used. A push button 27 is also supplied on 
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each transponder 12_to allow operation of the auto-cod 
ing process, which occurs as ‘follows. 
When power to the system is initially turned on, a 

reset pulse will be generated resetting all of the multi 
plex transponder internal circuits to their reset condi 
tion and a coding address of zero. Thereafter, each 
transponder 12 is auto-coded by the operator pushing 
the push button 27 of each multiplex transponder 12 in 
turn. The push button 27 connects to an internal switch 
which operates through the transponder circuits and 
through the ribbon cable 10 to allow the computer 11 to 
load an address, from 1 to 225, into the transponder 12 
having the depressed switch. In the described embodi 
ment, when the address loading process for a particular 
transponder 12 has been completed, a tone will be emit 
ted by the computer 11 signifying to the operator that 
the push button 27 on the next multiplex transponder 12 
may be depressed. Ultimately, the operator will have 
depressed the push button 27 on'each of the transpon 
ders 12 and the computer 11 will have assigned and 
loaded into each transponder 12 its unique address. 
Thereafter, as the wires of the harness 9 are connected 
‘by connectors 25 to receptacles 24, the transponders 12, 
in combination with the computer 11, will be able to 
determine the status of the harness fabrication process 
on a wire-by-wire basis. 
A visual indication is provided to the operator for 

interactively controlling this system. The visual display 
26 used in the described embodiment is a CRT monitor 
which displays to the operator a variety of information 
including the wire number of the next wire to be con 
nected, its ?rst end, its second end, and, after installa 
tion, whether the wire had been installed properly. This 
display 26 is also interactive in that, through the use of 
a light pen, not shown, the operator can select between 
program options that are displayed on the CRT moni 
tor. The most common option to be displayed is the 
simple sequential display of the wires as they are to be 
wired into the harness 9. Once the ?rst wire is correctly 
installed, the display 26 will show the ‘number and the 
end terminations of the next wire to be installed. 

Should an error be made, the display 26 will indicate 
to the operator the beginning and end points of the wire 
as actually wired, the beginning and end points of the 
wire as it should have been wired, the wire number, and 
any other information of interest to the operator. In 
addition, a further visual error indication occurs at the 
actual errored termination point as indicated by a light 
emitting diode 28 affixed to the appropriate multiplex 
transponder 12. 
Another option the operator can select is the “old” 

option. In the case where an operator has left the har 
ness fabrication station before the harness 9 is com 
pleted, provision is made for the computer 11, upon the 
operator’s return, to test the wires of the harness 9 in the 
sequence in which they should have been installed and 
to automatically stop at an indication of the next wire to 
be wired into the harness 9 if the previous connections 
are all proper. 
FIG. 3 is a schematic diagram of a multiplex tran 

sponder. The purpose of this circuit is to allow com 
puter access to electrical connections within the harness 
connectors and to obtain a measurement from those 
interconnections as to their electrical resistance. This is 
accomplished by transmitting digital pulses through a 
first set of multiplexing units, receiving those pulses 
through a second set of multiplexing units, and compar 
ing the transmitted and received pulses to determine the 
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6 
electrical characteristics of the circuit comprising the 
harness connectors and the intervening wiring. This 
transponder is a part of a larger system which obtains 
the resistance value of each harness connection. An 
additional characteristic of this system is that the indi 
vidual multiplex transponders are auto-coded. That is, a 
plurality of identical multiplex transponders may be 
used in a system, wherein the computer assigns individ 
ual addresses to the transponders prior to actual wiring 
and testing of the harness. In this way, a set containing 
several identical transponders can be used to transmit, 
receive, or transceive electrical signals as required by 
the system. 
The input connector 54 which connects the ribbon 

cable to the multiplex transponder is shown at the bot 
tom of FIG. 3 and de?nes, by functional title as well as 
pin number, the twenty-?ve connections between the 
multiplex transponder and the common system data bus. 
The electrical signals from the computer are received at 
the multiplex transponder shift register U11 from pins 9 
and 13 of input connector 54 to accomplish the auto 
coding as follows. When power is ?rst applied, an 8 
volt DC level will be coupled through capacitor 51 to 
eight-bit shift register U11. This shift register U11 may 
comprise a 4015 type shift register made by RCA, Mo 
torola, and others. Capacitor 51 and resistor 52, all 
resistors in FIGS. 3 and 4 being represented by open 
rectangles, generate a positive pulse at pins 6 and 14 of 
shift register U11, resetting all individual ?ip-?ops. This 
circuit is thus reset at the time that power is ?rst applied 
and corresponds to an address of zero. 
To auto-code the particular multiplex transponder 

after the power is turned on, pulses are applied at input 
connector 54, pins 13 and 9. The input at pin 13 is a 
series of data pulses representing the address of this 
particular multiplex transponder and the inputs at pin 9 
are clock pulses to clock this data into the shift register 
U11. The data pulses input to the shaft register at pin 7 
and the clock pulses simultaneously applied at pins 1 
and 9 result in the outputs Q0 through Q7 being set to a 
particular multiplex transponder address code number 
which is used to differentiate among the plurality of 
multiplex transponders being used simultaneously by 
the system. 
Push button switch 55, which is mounted separately 

from the remainder of this circuit on the multiplex tran 
sponder housing, when depressed, couples the clock 
pulses to the clock inputs 1 and 9 of shift register U11. 
While this switch is depressed, the address pulses can be 
clocked into device U11 on pin 7. Using this system, a 
particular multiplex transponder in a group of multiplex 
transponders can therefore be coded to a particular 
address. This is to say, the input connector at all times is 
connected in parallel with every multiplex transponder 
and delivers address and clock decode pulses to every 
multiplex transponder, but only the multiplex transpon 
der with the closed switch 55 will actually receive and 
store the address. 
The outputs at Q0 and Q7 of shift register U11 are 

coupled to the B0 and B3 inputs of U10 and U12 type 
4063 four bit magnitude comparators. Simultaneously, 
the address gated serially into device U11 at pin 7 will 
be applied in parallel to input pins A0 through A3 of 
devices U10 and U12. Address bits 1 through 7 are 
supplied at input connector 54 pins 13, 14, 15, 16, 8, 7, 6 
and 5. In this way the eight-bit address in shift register 
U11 may be compared against the eight address bits 
received from the computer. 
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If, in fact, the shift register U11 is programmed prop 
erly there will be a bit-by-bit equality at the inputs of 
comparators U10 and U12 resulting in an “A=B” signal 
output at pin 6 of device U10. This signal will be sensed 
through diode 56 to pin 25 of the input connector 54 
which is coupled to the computer as an acknowledge 
signal, signifying to the computer that shift register U11 
was loaded properly with the‘intended address. 

Because the capacity of this comparator U10, U12 is 
limited to eight bits, the system is limited to 255 multi 
plex transponders but can be expanded with additional 
comparators. When the acknowledge signal has been 
received by the computer, the computer will automati 
cally discontinue attempts to load the address into shift 
register U11 and an audio and visual indication will be 
given to the operator to proceed to the next multiplex 
transponder on the form‘ooard. In the described em 
bodiment this notice to the operator is given in the form 
of an audio tone. Using this system, contact bounce at 
the switch 55 is not important since the computer will 
continue to attempt to load device U11 until it is loaded 
properly, at which point no further loading attempts 
will be made. Therefore, a switch bounce suppression 
means, either hardware or software, is not necessary. 
The computer, with the aid of the operator, will 

continue to number the multiplex transponders in se 
quential order until all multiplex transponders have 
been identi?ed with a unique address. 

After the auto-coding operation is completed, the 
system may be used to test individual connections 
through the harness being built from one connector to 
another, each connector being mounted on a multiplex 
transponder receptacle which has a one-to-one wiring 
corresponding to the receptacle connector 24. To spec 
ify a particular connector pin, the computer ?rst speci 
ties the particular multiplex transponder on which the 
connector is mounted. This is done by issuing, through 
the ribbon cable to all input connectors 54, the address 
of one particular multiplex transponder. As in the ac 
knowledge step, the output address of device U11 is 
compared to this issued address at devices U10 and U12 
and if there is equality, the output at pin 6 of U10 is 
generated and coupled to the input pins 3 and 13 of 
device U13 which is a type 4027 dual flip-flop device. 
These inputs at U13, pins 3 and 13 are the clock inputs 
and allow the contents of either pins 10 and 12 or pins 4 
and 6 to be clocked onto the output lines, pins 2 and 14. 
The inputs to the flip-flops U13 are coupled from the 
computer through input connector pins 19 and 20 or 17 
and 18 driving the U13 output pin 14- if this multiplex 
transponder is to be used as a receiver, or U13 pin 2 if 
this transponder is to be used as a transmitter. More 
speci?cally, and by way of example, if the receiver set 
line 19 is high and, simultaneously, the address of a 
particular multiplex transponder is supplied to devices 
U10 and U12, a high output at pin 14 of ?ip-?op U13 
will be produced. 

Simultaneously with this operation, the acknowl 
edgement pulse generated at pin 6 of device U10 is also 
coupled to the computer on pin 25 of the input connec 
tor 54 to acknowledge to the computer that the appro 
priate multiplex transponder has received the com 
mand. 
The remainder of this circuit is divided into left and 

right halves. The left half, comprising portions of U13, 
U14, and U9 and devices U0, U7, U6 and U5 represent 
the receiver portion of the multiplex transponder while 
the remainder of the circuit represents the transmitter 
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portion. As shown, these two halves 
identical. 
The operation of the receiver half is as follows. Si 

multaneously with the receipt from ?ip-flop'U13 of a 
receiver enabling pulse at pin 1 of dual binary one-out 
of-four decoder multiplexer U14, two bits of addressing 
information are receivedat U14 pins 2 and 3 from the 
input connector 54 pins 14 and 15 which represent a 
two~bit address word. Assuming that the address is 
zero, the output at pin 4 will go high enabling device U9 
and the remainder of the receiver circuit. As will be 
explained in more detail below, U9 can be used to select 
one of thirty-two receiver pins of receptacle connector 
24. Three other addressing options at pins 2 and 3 of 
device U14 may be used to select the remaining three 
output pins of U14, pins 5, 6 and 7, which may be used 
to select any one of three additional equivalents of the 
circuit comprising U5, U6, U7, U8 and U9. These cir 
cuits are not shown because of redundancy, and in fact 
will not be used except in cases where the connector 
mounted on the multiplex transponder has more than 32 
pins. In any case, the three additional circuits are identi 
cal to the circuits as shown and described as the left half 
of device U9 and devices U5, U6, U7 and U8. There 
fore, the remaining discussion will use the indicated 
schematic diagram for a description of the multiplex 
transponder. 
The next operation is to select one pin out of the 

thirty-two pins connected to devices US through U8. 
The choice is narrowed down to one of eight pins by 
supplying a two-bit address at pins 2 and 3 of device U9, 
said two-bit address being supplied at pins 8 and 16 of 
input connector 54, resulting in an output at either pin 11, 
5, 6 or 7 of type 4556 decoder U9. 
The ?nal selection is a selection of one of eight pins 

controlled by the particular multiplex device, U5, U6, 
U7 or U8, which had been selected by one of four out 
put lines of U9 pins 4, 5, 6 and 7. This selection is made 
through the signals supplied to the input connector 54 at 
pins 5, 6 and 7 which constitute a three-bit address to 
determine one of eight input pins of the selected type 
4051 multiplexer demultiplexer devices US through U8. 
The three address lines are coupled to multiplexer U5 
through U8 pins 9, 10 and 11 and couple one of the eight 
input/output lines at pins 13, 14, 15, 12, 1, 5, 2 and 4 to 
the common data line at pin 3 of the multiplexer U5 
through U8, and thereafter to pin 7 of input connector 
54. Pin 3 of all devices are commonly coupled to the 
receiver common line on pin 4 of the input connector 
54. 
The overall operation of the receiver portion of the 

multiplex transponder therefore is to select one of eight 
inputs at one of four multiplexer/demultiplexer devices 
US through U8 on one of four multiplexer boards to be 
coupled to the receiver common line input connector 54 
pin 4 which ultimately is coupled to the computer for 
analysis. 
The operation of the transmitter portion of the multi 

plex transponder is similar in that the right half of the 
dual binary one-out-of-four decoder multiplexer U14 
selects one of four multiplexer circuit boards, decoder 
U9 selects one ‘of four multiplexer/demultiplexer de 

are essentially 

vices U1 through U4, and the three address lines at pins , 
10, 11 and 12 of input connector 54 select one of eight 
lines of the selected multiplexer/demultiplexer devices 
U1 through U4 for transmission of data on the transmit 
ter common line pin 3 of input connector 54 through the 
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multiplexer/demultiplexer devices out to the appropri 
ate connector pin. ' 

Multiplexer/demultiplexer units U1 through U8, for 
high impedance sources and loads, operate to within a 
few hundred ohms as electrical switch contacts. There 
fore, these units can be used either to receive or transmit 
test pulses. However, it is true that the internal resis 
tance of the 4051 multiplexer/demultiplexers is in al 
most all circumstances substantially higher than the 
resistance of the wire and connectors to be tested, and 
therefore there is'a need for a process by which the 
connector and wire resistance can be separated from the 
receiver and transmitter multiplexer/demultiplexer re 
sistance. This is done by setting up four equations for 
solution by the computer according to the following 
process. ' ‘ 

By way of example, let us assume that the ?rst wire to 
be connected into the harness must be connected from 
pin 1 of ‘a ?rst connector to pin 1 of a second connector. 
To determine if this wire has been connected into the 
harness correctly, the computer will issue a pulse of 
known amplitude which will be coupled through the 
transmitter common line pin 3 of input connector 54, 
through the ?rst end transmitter multiplexer, through 
pin 1 of the ?rst end plug, through the harness wiring, 
through pin 1 of the second end connector, through the 
second transponder multiplexer and through the re 
ceiver common line pin 4 of input connector 54 to the 
computer where'the voltage will be compared to its 
original amplitude. The difference in voltage may be 
used to compute the total resistance of the loop. How 
ever, the loop contains the resistance of the test equip 
ment as well as the resistance of the harness. To com 
pute the individual resistive components, three more 
measurements are taken. The'?rst is the resistance of the 
loop through the ?rst end transmitter multiplexer back 
into the ?rst end receiver. The second is the resistance 
of the loop comprising the second end transmitter and 
receiver multiplexers. The ?nal measurement is the 
resistance of the loop from the second end transmitter 
to the ?rst end receiver. Using these four simultaneous, 
equations, the individual transmitter, receiver and har 
ness resistances may be computed. 
The actual sequence of operations 'is as follows. At 

the time that the monitor displays to the operator the 
?rst and second end connections of the wire to be in 
stalled in the harness, it also' immediately measures the 
resistance between the transmitters and receivers of the 
?rst and second connector multiplex transponders. 
Thereafter, the system begins to monitor for possible 
connections between all points on all connectors that 
have not yet been connected. In this way, when the next 
wire is ' connected between two connector pins, the 
system is able to compute immediately whether the wire 
installed had been installed on the proper connector 
pins, and whether the resultant resistance value is ap 
propriate. Furthermore, because the two calibration 
steps are taken immediately before the wire is installed, 
the calibration values are necessarily accurate. The 

‘Y monitoring of all connectors, as described above, is not 
particularly time-consuming since every identically ' 
numbered pin on all transponders may be monitored 
simultaneously in an open collector mode, thereby in 
creasing the search speed by a factor of 8 over what it 
would have been if every harness connector pin were‘ 
monitored individually. It‘ is because of this capability of 
scanning every pin of every connector that this system, 
in comparison to prior art systems, can be used to deter 
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mine ‘immediately after the wire is connected into the 
harness not only whether the wire has been improperly 
connected, but also, if improper, to which connector 
pin it has been connected. 

In addition to being used as an aid in the fabrication of 
harnesses, and being'used as an aid to test harnesses that 
have already been af?xed into electronic systems, there 
is a third use for the described system and that is in a 
fabrication situation where all ?rst end plugs have been 
assembled prior to being brought to the formboard 
location. This method would allow the operator, in 
stead of proceeding along a forced sequence wiring list, 
to pick a wire from the ?rst end plug at random and 
identify it to the computer by grounding it, either by 
touching it to a ground stud or simply by touching it 
with a ?nger. The, computer could then make a search 
of all pins on the ?rst end plug to determine the particu 
lar wire that the operator was holding by transmitting a 
pulse sequentially from each pin of the transmitter mul 
tiplexers to each corresponding pin of the receiver mul 
tiplexers. The grounded wire would be the only one to 
show a decreased amplitude and the monitor could then 
indicate to the operator .the wire number and its appro~ 
priate destination or second end pin number. In this 
way, the time required for the operator to use a wire list 
to determine the next wire to be fastened into the har 
ness can be minimized. 
Another use of this system is to take resistance mea 

surements of electronic equipment to determine its op 
eration readiness. It is common in the testing of elec 
tronic components to make resistance measurements 
from various input and output pins or test points. This 
system could be used to automate this process by testing 
the resistance within the installed equipment from any 
pin to any other pin and comparing the value against a 
table of values resident within the computer. In fact, 
stated in its most general form, this system enables the 
automatic measurement and comparison to a nominal 

_ value of the resistance of ‘any set of accessible points. 
40 
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The use of a computer for the comparison and logging 
steps would indicate that resistance measurements be 
tween large numbers of points could be taken and ana 
lyzed, and‘ the reduced data displayed to the operator 
while using little real time. 
Coupled with this system’s inherent small size and 

ease of installation, this system can be used as a system 
for testing installed electronic harnesses and compo 
nents in the ?eld as well as aiding in the fabrication of 
harnesses at the factory. 
FIG. 4 is a schematic diagram of the remainder of the 

circuits required to interface between the computer, the 
display unit, and the multiplex transponders. 
As explained above, the test pulse, after it has been 

transmitted through the transponders, is coupled from 
' the receiver common line pin 4 of the circuit of FIG. 3 
to the receiver common line pin 3 of the circuit of FIG. 
4. At this computer input/output circuit board the ?rst 
element to receive this pulse is a type CD4016 transmis 
sion gate 60, also referred to as a bilateral switch, which 
is a resistive device implemented to have a low resis 
tance value across its gates, pin 1 and 2 when pin 13 has 
been gated on. Therefore, when a received pulse on 
receiver common line pin 3 must be sampled, a sample 
gate pulse from the computer will be coupled to pin 11 
of buffer 61 to turn on the transmission gate 60. The 
transmission of the leading edge of the positive test 
pulse through the transmission gate 60 will allow sam 
pling capacitor 62 to begin to charge. This sampling 
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capacitor, in the described embodiment, has a value of 
10 picofarads, and therefore will charge rapidly. After a 
speci?c time interval the transmission gate v60 opens, 
and since the remaining resistances in the circuit are 
high, the capacitor 62 operates as a sample-and-hold 
‘circuit. This hold mode resistance is high partly because 
of the input impedance to FET operational ampli?er 64 
type CA3130 which is in the terraohm region. The high 
input impedance of the operational ampli?er 64 not only 
allows capacitor 62 to operate in a sample-and-hold 
mode but also contributes very little error to the ulti 
mate resistance determination because of its own inter 
nal input impedance. The internal resistance of the 
transmission gate 60 in its “off” condition is also in the 
area of 10 megohms. Therefore, the analog voltage 
being held on the common line is distorted very little 
because of the impedances of the circuit devices, and 
therefore re?ects the resistance of the multiplex tran~ 
sponder circuit, the harness and the connectors. 

In fact, the charging of sampling capacitor 62 is not 
allowed to build up to its ?nal value but is interrupted a 
speci?c amount of time into its charge curve by the 
opening of transmission gate 60. Since the charge time 
of capacitor 62 is a function of the resistance on the 
receiver common line 3, the voltage at a calibrated time 
after the presentation of the pulse at receiver common 
line 3 is a function of the harness resistance and there 
fore can be used to measure that resistance. 
The operational ampli?er 64 compares the source 

voltage, the level to which the capacitor 62 has been 
charged, to a reference voltage produced by a digital 
to-analog converter 63. The output of the operational 
ampli?er 64 is either high or low depending upon its 
source voltage and reference voltages. Assuming, as an 
initial condition, that the reference voltage is set at zero 
volts and that the source voltage is positive, the output 
of the operational ampli?er 64 will be a negative volt 
age,'signaling to the computer that the source voltage is 
higher than the reference voltage. At this point the 
computer will transmit to device 65, comprising a type ' 
4508 eight-bit latch, an eight bit parallel binary'word 
which when translated by the digital-to-analog con 
verter 63 will- result in a slightly higher reference volt 
age at the reference input to operational ampli?er 64. If 
the reference is still lower than the source voltage, there 
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will be no change in the output of operational ampli?er ‘ 
64 and the computer will command the latch 65 and 
digital~to-analog converter 63 to generate a slightly 
higher voltage. This process will continue until the 
reference voltage becomes higher than the source volt 
age, at which point the output of operational ampli?er 
64 will go from low to high, signaling to the computer 
that the reference and source voltages are nearly equal. 
In this way, the computer can be used to determine the 
digital representation of an analog voltage by using a 
digital-to-analog converter 63 which is relatively more 
economical than a standard analog-to-digital circuit. 
Having determined the amplitude of the received pulse, 
the computer now issues a hold discharge signal which 
is coupled through gate 66 to a second transmission gate 
67 which discharges the sample-and-hold capacitor 62. 
At this point the system is ready for the next pulse 
measurement. 

Transistor 70 is an ampli?er-buffer which receives 
the acknowledge signal from the active transponder on 
line 25 of the connecting cable and couples it to the 
computer. 

65 
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' The box power circuit monitors the total amount of 
current drawn by all of the transponders. Under over 
load conditions, a voltage will be generated by resistor 
71 at the emitter of transistor 72 sufficient to produce a 
signal at its collector to generate a horn output. This is 
used by the computer to signify to the operator an over 
current condition so that the operator may take correc 
tive action. A typical current value for 32 transponders 
is ?ve milliamps and, in this disclosed embodiment, the 
transistor 72 is set to activate the horn circuit at a cur 
rent level of forty-?ve milliamps. The amount of cur 
rent necessary to activate this circuit is variable by 
changing the value of resistor 71. 
The calibrated pulse that is coupled out on the trans 

mitter common line pin 4 to the transponders is pro 
duced by transistors 73 or 74 which are controlled by 
the computer through type 5406 gates 75 and 76. Each 
of these transistors 73, 74 couples a calibrated ten volts 
DC through precision resistors 77, 78, and therefore 
operates as a current generator where the current is 
limited by the precision resistors 77, 78, the transmitter 
and receiver transponders, and the harness resistance. 
For testing a harness which requires the measurement 

of low resistance values, transistors 73 and ZOO-ohm 
resistor 77 are used. However, in the operational mode 
where a wire is identi?ed by having the operator hold 
the second end and using this system to test for a change 
of resistance at the wire’s ?rst end plug connection, the 
system must distinguish between the relatively high 
resistance of the operator’s hand and an open circuit 
presented by the undetermined wires. In this case, a 
much higher resistance value such as 2.2 megohm is 
employed for resistor 78. In effect, resistors 77 and 78 
enable low and high resistance range measurements. 
The resultant system of measuring resistance in a 

harness wire, using the charge time of capacitor 62 as a 
function of the total loop resistance, is relatively im 
mune to noise and is therefore a superior method of 
measuring this resistance. The alternative is to allow 
sample-and-hold capacitor 62 to charge up to its ?nal 
value before measuring it. It has been found that this 
?nal value ?uctuates due to a variety of noise inputs, 
and also takes more time. By using the preferred tech 
nique, another variable is injected into the system; that 
is, variations in the elapsed time between the beginning 
of the pulse and the time that the transmission gate 60 is 
opened. A variation of this time would result in a varia 
tion of amplitude and therefore an error in the harness 
resistance measurement. However, this error is mini 
mized by using a crystal controlled clock generator in 
the computer. 
The remainder of the circuit is a typical light pen 

arrangement for allowing the operator to communicate 
with the computer. The light pen 80 comprising a 
photo-darlington npn transistor 81 is activated by a 
switch 82. The switch drives operational ampli?er 83 
which indicates to the computer that the light pen is 
switched on. Photo~darlington transistor 81 drives op 
erational ampli?er 84, the output of which is a pulse 
whose timing is compared to the CRT monitor timing 
in the computer. Speci?cally, a pen reset signal is ap 
plied through device 85, a type 5406 gate, to reset de 
vice 86, an 5470 ?ip-?op. The output of operational 
ampli?er 84 sets ?ip-flop 86 resulting in a digital output 
at pin 8. The difference in timing between the pen reset 
and the pen output signals indicates the light pen posi 
tion on the CRT screen, as is typical in the operation of 
a light pen circuit. ‘ 
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The following text is a description of the flow charts, 
FIGS. 5A through 5M,_which. were derived from the 
computer program required by the described embodi 
ment of this invention. . I I 

As shown in FIG. 5A, the program ?rst initializes the 
I/O structure, meaning the parallel input and output 
interface devices and including the multiplexer tran 
sponders. In doing so, it also clears the CRT screen and 
then presents formboard information such as the assem 
bly number. After delaying for a period of time, it then 
writes a “menu” on the screen, the menu consisting of 
options which the operator may choose. 
The program then reads the light pen position, indi 

cating the selection of one option, all of which are 
shown in FIG. 5B. In the ?rst instance, the logic branch 
which will be taken if A were equal to l, A being the 
status of the light pen, would be a START branch. The 
other branches, as shown, are GO, OLD, SEQUENCE, 
SEARCH, LOCATE, FINAL TEST, and SELF 
TEST. Each represents a possible branch of the pro 
gram, each to an individual section which will be de 
scribed below. ‘ 

The ?rst program section, which is shown in FIG. 
5C, is the START section, an initializing section for the 
transponders. In every instance where a new formboard 
is constructed it is necessary that the transponders 
(hereinafter called “boxes”) actually located on the 
formboard be located in speci?c positions so that the 
computer can associate the box with an address number. 
Therefore, the computer will issue an instruction to the 
CRT screen telling the operator how to go about plac 
ing the boxes on the forrnboard, will initialize several 
counters labeled B and C, and will access from the data 
base the maximum number of boxes, D, that are on the 
formboard. 

After initialization, D and B are incremented. B, 
which started at 0, now becomes a value of 1, meaning 
the ?rst box to be addressed by the computer. This 
address, B, is then sent out, to all boxes by means of 
parallel I/O lines but only the box which has been se 
lected by pressing the button will respond to thisad 
dress on the acknowledged line with a value of C. Upon 
the receipt of an acknowledge signal, the program will 
then proceed ‘to code the remaining boxes through a 
simple loop system. When B equals D, all boxes have 
been addressed and the program returns to the menu of 
FIGS. 5A and 5B. 
The next program loop, G0, is the major functional 

routine of the program. It will ?nd continuity or mis 
wires, and it will present information of the wiring 
structure to the operator; The G0 routine starts at con 
nector D of FIG. 5D, where it sets, the sequence num 
ber, S, to zero, X to zero, and M equal to the maximum 
sequence number. The sequence number is incremented 
and compared to the last sequence in the ?ow. If the 
program has reached the last sequence, it will go back 
to menu; if not, it will fall through and continue on. If S 
is not equal to M, the program multiplies S by the 
amount of data base addresses necessary to obtain a new 
set of data from the wire card selection. In the standard 
wire card of ‘the described embodiment there are ?fty 
two positions of information, Therefore, the program 
accesses ?fty-two addresses of information and, by 
knowing the sequence number, multiplies to obtain the 
next sequenced informationaddress of the data base to 
be able to make the system display that information to 
the operator. ' . ' , ‘ , ~ 
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There are two types of basic information that reside 

in the computer system. One is wire card information 
and the second is note information which is supplied to 
the operator on the CRT screen as a fabrication aid. 
This is signi?ed by a note flag which is obtained along 
with the normal wires data base information. If the 
value of N signi?es that the information is a note, the 
program will branch to a routine to display the note on 
the screen. If, however, a note is required by the data 
base but anYOLD ?ag is set, meaning that the operator 
is trying to ?nd the ?rst open wire of the harness, it will 
again step by that particular sequence, returning back to 
the original program. 

If, on the other hand, the program is not in an OLD 
sequence, that is, searching for the ?rst open wire, and 
the program received a note, then it will write that 
message on the screen. Once the note is written on the 
screen, the operator will signify by means of the light 
pen that the operation is completed, in which case it will 
again fall through and increment the sequence by one, 
advancing to the next sequence to obtain the wire card 
information. 
At his point, the program will write the data base and 

other information on the screen in a ?xed format. Now, 
the OLD ?ag is interrogated to determine whether the 
program is searching for an open continuity. If not, the 
program will go into a blink routine which will turn on 
the ?rst and second end lamps indicating where the 
to/from connections are on the formboard. Next, the 
program initializes the transponder boxes, sets up the 
I/O interconnections and sets the values of F, G and H 
to O. The program is now ready to measure the resis 
tances of the ?rst and second end multiplexer boxes and 
to determine whether there exists an electrical path 
between the ?rst transmit multiplex box, plug and pin, 
and any other box, plug and pin. 
The next two program routines, on FIG. 5E, are to 

check for mis-wires from the ?rst end and second end 
box to any other box location, except for the ?rst and 
second end box, and to check every pin within the ?rst 
and second end boxes with the exception of those pins 
that are designated tobe normal transmit and receive 
pins. If an error is found during this operation, the pro 
gram will isolate the error, set a horn flag, and write an 
error message on the screen. After the error message 
has been written, several light pen options appear on the 
screen to allow the operator to go back, to bypass or to 
return to the menu. These selections are represented by 
connectors, P, L and A of FIG. 5G. Loop A would go 
back to the menu, L would bypass any further testing 
and advance the sequence number, and P would not 
advance the sequence number, but rather, retest the 
same pin again. 

If there were no mis-wires between the ?rst and sec 
ond end, the program routine, on FIG. 5F, will set up a 
value called T. T is a time value and the program will 
set it to zero, and then test for low ohmic continuity 
between the ?rst and second end. Speci?cally, the pro 
gram will measure the- path between the two boxes and 
subtract the values of F and G, which were the resis 
tances of the ?rst and second multiplexer boxes, to 
obtain a new value of I. If I falls within a speci?c region 
of ohmic value it will be accepted, or if it does not fall 
within that value, there will be a retest. If the ?nal value 
is acceptable (I is equal to l) the program will delay one 
second. This delay is necessary because an operator 
may pull on the wire or otherwise not make a good 
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