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(57) Abréegée/Abstract:

Disclosed herein Is a method of controlling an assembly line, comprising the steps of providing an article assembily line; designating
an upstream processing station and a downstream processing station; delivering a first article to the upstream processing station;
monitoring the function on the article within the upstream processing station; and If, the upstream processing function in the
upstream processing station on the article is not complete; issuing a signal to an operator that the upstream processing function on
the article iIs not complete; extending the length of the upstream processing station to allow the operator more time to complete the
upstream processing function; monitoring the upstream processing function in the extended upstream processing station; and If
the upstream processing function on the article is still not complete; associating a label to it; then advancing a second article to the
upstream processing station for the upstream processing function.
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ABSTRACT

Disclosed berein is a method of controlling an assembly line, comprising the steps of providing an article
assembly line; designating an upstream proééssing station and a dqwnstrea:ﬁ processing station; delivering
a first article to the upstream processing station; monitoring the function on the article within the upstream
processing station; and if, the upstream processing function in the upstream processing station on the article
1S Not compleie; issuing a signal (0 an operator that}_ the upstréam processing function on the article 1S pot
complete; extending the length of the upstream processing station to allow the operator more tume to
complete the upstream processing function; moni'_torir;g the upsiream processiilg function in the extended
upstream processing station; and if the upstream processing function on the article is still not complete;
associating a label to it; phén advancing a second article to the upstream processing station for the upstream

processing {unction.
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ASSEMBLY LINE QUALITY CONTROL
BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

~ The present invention relates to assembly lines and more particularly, but not necessarily exclusively, to

automobile assembly lines.

2. DESCRIPTION OF THE RELATED ART

The manufaciure or assembly of articles requires a number of processing stations along a manufacturing or

assembly line. Each processing station has a number of functions which caﬁ, if not executf:d properly,

~ degrade article quality.

For an article such as a vehicle, quality 1s extremely important. Comhl,only, vehicle assembly lines are now
outfitted with sophisticated systems to monitor the functions at processing stations. One example of a
system such as this is ‘discloséd in U.S. Pat. No. 5,321,619 to Matsuda et al. (and éssigned to HONDA), in

which many different functions are controlled or scheduled along a vehicle assembly line.

- Itis an object of the present invention to provide a novel system and method for executing repatrs on an

assembly .
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line.

SUMMARY OF THE INVENTION

In one of its aspects, the present invention provides a method of controlling an assembly line, comprising the steps

of:

- providing an article assembly line;

- designating, on the assembly line, an upstream processing station and a downstream processing

station;

- delivering a first article to the upstream processing station;

- monitoring an upstream processing function on the first article within the upstream processing

station;

- and if the upstream processing function in the upstream processing station on the first article is not

complete:

- 1ssuing a signal to an operator in the upstream processing station that the upstream

processing function on the first article is not complete;

- extending the length of the upstream processing station to allow the upstream operator

more time to complete the upstream processing function;

- monitoring the upstream processing function in the extended upstream processing

station;
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- and 1f the upstream processing function on the first article is not complete;

- associating a label with the first article for downstream remedial attention;

- advancing the first article downstream from the extended upstream processing

station;

- advancing a second article to the upstream processing station;

- and if the upstream processing function on the first article is complete;

- advancing the first article downstream from the upstream processing station or the

extended upstream processing station;

- advancing a second article to the upstream processing station.

In an embodiment, one or more of the advancing steps may include the step of advancing the first article to the

downstream processing station.

In an embodiment, the extended upstream processing station at least partially overlaps the downstream processing
station. However, the upstream and downstream processing stations may be configured with a sufficient length so

that, if any extension of the upstream processing station is necessary, it can be provided without the overlap. If
desired, the upstream and downstream processing stations may be immediately adjacent one another and the

extending step may thus have the effect of shortening the length of the downstream processing station as a result of

extending the upstream processing station.

In an embodiment, the method further includes the step of issuing one or more signals to an operator in the upstream

processing station and issuing one or more signals to an operator in the downstream processing station, the one or
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more signals indicating that the upstream processing function is not complete. The same signal may, if desired, be

issued to both the upstream and downstream operators. For example, the signal may be visible and/or audible by
both the upstream and downstream operators. Alternatively, the signal may be conveyed or encoded on a carrier

signal conveyed over a wired or wireless data link, for example, with the operator.

In an embodiment, the extended upstream processing station is returned to its original size when the upstream
processing function is complete or when the first article is advanced downstream. In one preferred example, this
may also be timed with the issuing or associating of a label for the vehicle indicative of the upstream processing

function being incomplete.

In an embodiment, the assembly line is a vehicle assembly line.

In an embodiment the upstream processing station is a torque theatre and wherein the monitoring step includes

counting the number of correct torque functions executed in the torque theatre.

In an embodiment, the step of monitoring includes the steps of providing a torque tool and sensing the operation of
the tool to determine when the tool is operating within a first set of predetermined conditions to register a correct
torque function and to determine when the tool is operating within a second set of predetermined conditions to

register an incorrect torque function.

In an embodiment, the step of monitoring includes the step of providing a map of torque targets to be hit during a

predetermined torque sequence.

In an embodiment, the step of monitoring includes the step of recording the location of the torque tool relative to the

map, and storing the location of the tool and a predetermined torque condition of the tool at each location.

In yet another aspect of the present invention there is provided an assembly line, comprising:
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- an upstream processing station and a downstream processing station;

- supply means for delivering a first article to the upstream processing station;

- at least one upstream processing device for processing the article in the upstream processing station;

- monitoring means for monitoring the upstream processing device according to an upstream

processing function;

- the monitoring means being operable to determine if the processing function has been completed;

- and if the monitoring means determines that the processing function has not been completed,

- the monitoring means being operable to issue a signal to an operator in the upstream

processing station;

- the monitoring means being operable to extend the length of the upstream processing

station for the operator to complete the upstream processing function;

- the monitoring means being operable to monitor the upstream processing function in the

extended upstream processing station;

- and if the monitoring means determines that the upstream processing function on the

first article is not complete; the monitoring means being operable to cause a label to be

associated with the first article for downstream remedial attention.

In still another of its aspects, the present invention provides an assembly line, comprising:

- a first processing station and a second processing station;
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- conveyor means for conveying a plurality of articles along the assembly line and through at least

one of the processing stations;

- at least one first processing device for processing an article delivered to the first processing station;

- first process monitoring means for monitoring the first processing device according to a first

processing function;

- at least one second processing device for processing an article delivered to the second processing

station;

- second process monitoring means for monitoring the second processing device according to a second

processing function;

- master monitoring means, communicating with each of the first and second process monitoring

means for monitoring the assembly line;

- each of the first and second process monitoring means being operable to determine if the
corresponding first and second processing functions have been completed; and if the either process
monitoring means determines that the corresponding first or second processing function has not been
completed, the corresponding monitoring means is operable to issue a signal to an operator in the

corresponding processing station that the corresponding processing function is not complete;

- and where either processing function is not complete, the corresponding monitoring means being

operable to extend the length of the corresponding processing station to form an extended processing

station for the operator to complete the corresponding processing function;

- the corresponding monitoring means being operable to monitor the processing function in the
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extended processing station; and if the corresponding monitoring means determines that the
processing function on the article is still not complete; the monitoring means being operable to cause

a label to be associated with the corresponding article for remedial attention.

In still another of its aspects, the present invention provides a method of controlling an assembly line, comprising:

- a step for providing an article assembly line;

- a step for designating, on the assembly line, an upstream processing station and a downstream

processing station;

- a step for delivering a first article to the upstream processing station;

- a step for monitoring an upstream processing function on the first article while the first article is

within the upstream processing station;

- and if the upstream processing function in the upstream processing station on a first article is not

complete:

- a step for issuing a signal to an operator that the upstream processing function on the first

article 1s not complete;

- a step for extending the length of the upstream processing station to allow the upstream

operator more time to complete the upstream processing function;

- a step for monitoring the upstream processing function in the extended upstream processing
station;

- and if the upstream processing function on the first article is still not complete;
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- a step for associating a label with the first article;

- a step for advancing the first article downstream from the extended upstream

processing station;

- a step for advancing a second article to the upstream processing station for the

upstream processing function;

- and 1f the upstream processing function on the first article is complete;

- a step for advancing the first article downstream from the extended upstream

processing station;

- a step for advancing a second article to the upstream processing station for the

upstream processing function.

In yet another of its aspects there is provided a method of monitoring the productivity of an operator in a processing

station in an assembly line, comprising the steps of:

- providing an article assembly line;

- designating, on the assembly line, an upstream processing station and a downstream processing

station;

- delivering a first article to the upstream processing station;
- monitoring an upstream processing function by an operator in the upstream processing station on the

first article;
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- and if, following a predetermined condition, the operator has not completed the upstream processing

function on the first article:

- issuing a signal to an operator in the upstream processing station; and

- extending the length of the upstream processing station to allow the upstream operator

more time to complete the upstream processing function;

- monitoring the upstream processing function in the extended upstream processing

station;

- and if, after another predetermined condition, the operator still has not completed the

upstream processing function on the first article;

- identifying the first article for remedial attention;

- advancing the first article downstream from the extended upstream processing

station;

- advancing a second article to the upstream processing station;

- and if the upstream processing function on the first article is complete;

- advancing the first article downstream from the upstream processing station or the

extended upstream processing station;

- advancing a second article to the upstream processing station; and
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- recording an incomplete upstream processing function event or a complete upstream processing

function event.

- providing an article assembly line;

- designating, on the assembly line, a first processing station and a second processing station;

- delivering a first article to the first processing station;

- monitoring a first processing function on the first article within the first processing station;

- and if the first processing function is not complete:

- issuing a signal to an operator in the first processing station that the first processing

function is not complete;

- extending the length of the first processing station to allow the operator more time to

complete the first processing function;

- monitoring the first processing function in the extended first processing station;

- and if the first processing function is not complete;

- associating a label with the first article for remedial attention;

10
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- advancing the first article from the extended first processing station;

- advancing a second article to the first processing station;

- and if the first processing function is complete;

- advancing the first article from the first processing station or the extended first

processing station; and

- advancing a second article to the first processing station.

In an embodiment, assembly line is operable to travel along a flow path in a predetermined direction. However, the

assembly line may be operable to travel along a flow path in more than one predetermined direction, if desired.

Preferably, the second processing station is downstream from the first processing station, though there may be

examples where the second processing station is located on an assembly line upstream from the first processing

station, such as in an example where the direction of the assembly line is reversed during or after the processing step

in the first processing station.

In yet another of its aspects, the present invention provides an assembly line, comprising:

- a first processing station and a second processing station;

- supply means for delivering a first article to the first processing station;

- at least one first processing device for processing the article in the first processing station;

- monitoring means for monitoring the first processing device according to a first processing function;

11
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- - the monitoring means being operable to determine if the first processing function has been completed,

- and if the monitoring means determines that the processing function has not been completed,

- the momtoring means being operable to issue a signal to an operator in the first

- processing station;
- the monitoring means being operable to extend the first processing station (o allow the
operator more time to complete the first processing function;
- the monitoring means being operable to monitor the first processing function in the
extended first processing station;
- and if the monitoring means determines that the first processing function on the first
| article is still not complete, the monitoring means being operable to cause a label to be

associated with the first article for remedial attention.

In one of its aspects, the present inveﬁtibn'proyides a method of controlling an assembly line,

comprising the steps of:

- providing a2 moving assembly line to move a series of articles along a number of processing

stations;

- designating a first of the processing stations on the assembly line;

- providing the first processing station with a first length,

- providing an entry signal to be representative of an arrival of an article in the first processing
station and/or an exit signal to be representative of a departure of the article from the furst
processing station, o

- delivering a first article to the first processing station;

- providing a designated processing function in the first processing station;

12
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.~ - monitoring the designated processing function on the first article within the first processing

station over a first monitoring period according 10 the entry signal and/or the exit si gnal; |
- ‘being ready to detect in the first processing station, a first condition in which the designated
processing function on the first article is nol complete within the first monitoring period and

responsive to the first condition:

- issuing a signal to an operator in the first processing station that the designated

- processing function on the first article is not complete;
- extending the first processing station along the assembly line to allow the operator
~ an additional length portion of the assembly line to complete the designated

| processmg function;

- and monitoring the designated processing function in the extended ﬁfst processing

station over a second monitoring period;
- being ready to detect in the first processing station as extended, a second condition
in which the designated processing function on the first article is not complete within
the second monitoring period; and

. - responsive to the second condition:

- associating a label wath the first article for remedial attention; and

- advancing the first article along the assembly line from the first processing station

as extended.

In another of its aspects, the present invention provides a method of controlling an assembly line,

-comprising the steps of: providing an article assembly line to move a plurality of articles along a

number of processing stations;
- designating a first of the processing stations on the assembly line;

- _prOViding the first proce.ésing station with a first length;

| 123‘
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- i)roviding an entry signal to be representative of an amval of an article in the first processing
station and/or an exit signal to be representative of a departure of an article from the first

processing station;
- delivering a first article to the first processing station;
- pﬁ‘)viding a dcsignated processing function in the first processing station;

- monitoring the designated processing function on the first article within the first processing

station over a monitoring period according to the entry signal and/or the exit signal;

- detecting a condition in which the designated processing function in the first processing

station on the first article is not complete within the monitoring period:

- issuing a signal to an operator in the first processing station that the designated

processing function on the first article 1s not complete;

- extending the first processing station along the assembly line to form an cxtepded
o first processing station to cause the extended first processing station to at least
- partially overlap a second processing station along thé assembly line, to allow the
6i)erator an a.dditional lengtﬁ portion of the assembly fine o complete the def.,;ignated

processing function;

- monitoring the designated processing function in the extended first processing

station; and

- advancing the first article along the assembly linc from the extended first

processing station.

In yet another of its aspects, the present invention provides a method of controling an assembly line,

comprising the steps of*

- providing an article assembly line to move a plurality of articles along a number of

processing stations;

- designatiﬁg a first of the processing stations on the assembly line;

12b
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~ wherein the first processing station is immediately adjacent a second of the processing

sltations;
- providing the first processing station with a first length;

- providing an entry signal to be representative of an arrival of an article in the first processing
station and/or an exit signal to be rep;resentative of a departure of the article from the first
- processing station;

- delivening a first article to the first [irocessing station;
- providing a designated processing function in the first processing station;

- monitoning the designated processing function on the first article within the first processing

station over a monitoring period accord to the entry signal and/or the exit signal;

- detecting a condition in which the designated processing function in the first processing

station on the first article is not complete within the monitoring period'; and
- responsive to the condition:

- 1ssuing a signal to an operator in the first processing station that the designated

processing function on the first article is not complete;

- extending the first processing station along the assembly line and shortening the
length of the second proéessihg station as a result of extending the first processinﬁ
station to form an extended first processing station to allow the operator an
additional length of the assembly line to cbmplete the designated processing
function; monitoring the dcsignated processing function in the extended first |

processing station; and

= advancing the first article along the assembly line from the extended first processing

station.
- In one of its aspects, the present invention provides an assembly lirie, comprising:

- a first processing station and a second processing station;

12¢
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'Y

- conveyor micans for conveying a plurality of articles along the assembly line anid through the

processing stations;

\

. - at least one first processing means for processing an article delivered to the first processing

station;

- a first entry signal generating means to issue a first entry signal to be representative of an

arrival of an article in the first prdcessing station:

- a first exit signal generating means to issue a first exit signal to be reprcscnlatlve of

a depatture of the article from the first processmg station;

- first process monitoring means for monitoring a first processmg function over a

first monttoring period according to the first entry SJgnal and/or the first exit signal,

- at least one second processing means for processing an article delivered to the

second processing station; "

- a second entry signal generating means to issug a second entry signal 10 be

-representative of an arrival of an article in the second processing stations;

- a second exit signal oeneratlng means {o issue a ‘second exit signal to be

representative of a departure of the article from the second processing statnon,
- second process monitoring means for monitoring a second processing function over
a second monitoring period according to the second entry signal and/or the second

exit signal;

- master monitoring means, communicating with each of the first and second process

- monitoring means for monitoring the assembly line;

- each of the first and second process mionitoring means being operable 10 detect a

first condition in which the corresponding processing function is not complete;

- each of the first and second process monitoring means being responsive to the first

condition to issue a signal to an operator in the corresponding processing station that

" 12d
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the corresponding processing function is not complete, and to.extend the length of
the travel of the conveyor means along the assembly line for the corresponding
processing station 10 form an extended processing station for the operator to

complete the corresponding processing function;

- the corresponding process monitoring means being operable to monitor the - -

processing function in the exteénded processing station according to the.

corresponding entry signal and/or the corresponding exit signal;

10 | -'the process monitoring means being operable detect a second condition in which
the processing function on the article in the extended processing station is still not -

complcté;

- - the process monitoring means being responsive to the second condition to cause a

15 | ‘ label to be associated with the corresponding article for remedial attention.

In another one of its aspects, the present tnvention provides a2 method of controlling an assembly line,

-compn'sing:
20 . | - a step for providing a moving assémblj line;
- é.step for designating a. first pfocessing station on the assembly line;
- & step for proiﬁdjng an entry signal to be represeiltative ;af an ammival of an article in the first
25 processing station and/or an exit signal o be rgpresentativg of a departure of the article from

the first processing station;

- - a step for delivering a first article to the {irst processing station;

30 : - a step for providing a designated processing function in the first processing station;

- a step for monitoring the designated processing function on the first article within the first
processing s’taﬁon over a monitoring period according to the entry signal and/or the exit
signal; | |

35 o
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- a step for being ready to detect a first condition in which the designated processing function
in the first processing station on the first article is not complete within the monitoring period,

and responsive to the first conditian:

- a step for issuing a signal to an operator in the first processing station that the

| designated processing function on the first article is not complete;

- a step for extending the first processing station along the assembly line to allow the
operator an additional length portion of the assembly line to complete the designated

processing function;

v

%

. - & step for monitoring the designated processing function in the e;tended first

processing station;

- a-step for being ready to detect a second condition in which the designated
. processing function on the first article is not complete in the extended first

processing station; and

. - responsive to the second condition:

- a step for associating a label with the first article for remedial attention;

‘%

.~ a step for advancing the [irst article along the assembly line from the extended first

processing station. | | | . ’

In yet another of its aspects; the present invention provides a processing system, comprising:
- a first processing station positioned on a moving processing line;

- a conveyor to convey a plurality of articles élong the processing line and through the first

. processing station;

- at least one first processor to process an article delivered to the first processing station

according to a first processing function;

12§
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- a first entry signal generator to issue a first entry signal to be representative of an arrival of
~an article in the {irst processing station, a first exit signal generator to issue a first exit signal

to be representative of a departure of the article from the first processing station;

.- 2 process monitor to monitor the first processing function over a first monitoring period

according 1o the entry signal and/or the exit signal;

- the process mdnitor bcitig responsive o a first condition in which the first processing
function is complete, 10 issu¢ a signal to an operator in the first processing station that the
corresponding processing function is not complete, and to extend the length of the processing
line corresponding to the first processing stati;m to form an extended first processing station

for the operator to complete the first pfoccssing function;

- the process monitor being operable to monitor the first processing function in the extended
first processing station over a second ;monitoriug period according to the entry signal and/or
the exit signal;

<

- the process monitor being operable in the second condition in whiich the first processing
~ function in the extended first processing station is still not complete to cause a tabel to be

associated with the corresponding article for remedial attention.

In another of its aspects, the present invention provides a method of monitoring the productivity of an

operator in a processing station in an assembly line, comprising:
- providing a movihg'élsscmbly line;
- designating a first processing station on the assembly line;
- providing an entry signal to be representative of an arrival of an article in the first processing
station and/or an exit signal to be representative.of a departure of the article from the first
processing station; |

- delivering a first article to the first processing station;

- providing a designated processing function in the first processing station;
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- monitoring the designated processing function on the first articic within the first processing

station over a monitoning period according ta the entry signal and/or the exit signal;

- detecting a first condition in which the designated processing function 1n the first processing

station on the first article 15 not complete within the momtoring penod; and

- responsive thereto issuing a signal t¢ an operatd; in the first processing station that the

designated processing function on the first article 1s not complete;

~ extending the first .processingstat@n along the assembly line to allow the operator an

additional length portion of the assembly line to complete the designated processing function;
. - momtoring the designated processing function in the extended first processing stafion;-

- detecting a second condition in which the designated processing function on the first article

is not complete, and
- responsive thereto;
- associating a label with the first article for remedial attention;

- advancing the first article along the assembly line from the extended first

processing station;

- recording an incomplete first processing function event.

BRIEF DESCRIPTION OF THE DRAWINGS

Several preferred embodiments of the present invention will now be described, by way of example only,

with reference to the appended drawings in which:
Figure 1 1s a schematic view of a portion of an assembly line;

Figure la and 1b are comparative schematic views of assembly lines;

Figure 1c is a schematic flow diagram of an assembly line process;

12h
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Figures 1d and le are schematic representations of maps for steps carried out on the assembly line of figure 1;

Figure 2 is a schematic view of another portion of the assembly line of figure 1; and

Figures 3 through 7 inclusive are schematic circuit views of portions of an assembly line controller as part of the

assembly line of figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to figure 1, there is provided an assembly line shown generally at 10 having a first “upstream” processing
station 12 and a second “downstream” processing station 14. It will be understood that one or more of the features
of the first processing station 12 may also apply to the second processing station 14, The assembly line 10 is
provided with a conveyor system, represented schematically by the chain-dotted path 16 to deliver a first article 18
to the first upstream processing station 12. In this particular example, the article 18 is a vehicle, though it could be
one or more other articles, such as those involved in the manufacture of vehicles, or other articles which involve a
number of processing steps along an assembly line and where a processing function or protocol as described herein
below would be beneficial. In this case, the assembly line is operable to travel along a flow path in a predetermined
direction, that is left to right as shown in figure 1. However, the assembly line travel may also, if desired, be

operable to travel along a flow path in more than one predetermined direction, as represented by the dashed double

arrow in figure 1.

The assembly line 10 is provided with a monitoring means in the form of a monitoring system, shown generally at
20, for monitoring an upstream processing device according to an upstream processing function, such as a torque
function on a number of fasteners present in or for the vehicle 18 in the upstream processing station 12. The
monitoring system 20 has a controller 22 which controls and/or monitors the torque functiocn which is provided by a
processing tool such as torque tool shown schematically at 24 and which communicates with the controller 22 by

way of a communication link shown, for example, by the conductive path 26.
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The monitoring system includes a vehicle entry limit switch 30 and a vehicle exit limit switch 32, each of which is
operable to register the corresponding entry and exit of a vehicle to or from the upstream processing station 12. The
entry and exat limit switches 30, 32 communicate with the controller 22 by way of conductive paths 34, 36

respectively. The controller 22 communicates with a master controller 38 over communication channel 40.

Both the controller 22 and the master controller 38 are computer implemented and may be provided in a number of
forms. Both may be embodied in a software program configured to run on one or more general purpose computers,
such as a personal computer, or on a more substantial computer mainframe. The general purpose computer may
work within a network involving several general purpose computers, for example those sold under the trade names
APPLE or IBM, or clones thereof, which are programmed with operating systems known by the trade names
WINDOWS, LINUX or other well known or lesser known equivalents of these. The system may involve pre-
programmed software using a number of possible languages or a custom designed version of a programming
software sold under the trade name ACCESS or similar programming software. The computer network may be a
wired local area network, or a wide area network such as the Internet, or a combination of the two, with or without
added security, authentication protocols, or under “peer-to-peer” or “client-server” or other networking
architectures. The network may also be a wireless network or a combination of wired and wireless networks. The

wireless network may operate under frequencies such as those dubbed ‘radio frequency’ or “RF” using protocols

such as the 8§02.11, TCP/IP, BLUE TOOTH and the like, or other well known Internet, wireless, satellite or cell
packet protocols. The system may, alternatively, be executed on a single custom built computer which is dedicated

to the function of the system alone.

The controller 22 is operable to determine if the processing function has been completed by the processing tool 24,
In this case a torque function by the torque tool 24. If the controller 22 determines that the processing function has
not been completed, the monitoring system 20 is operable to issue a signal to an operator in the upstream processing
station 12 that the upstream processing function on the first article is not complete. In this case, the monitoring
system 20 1s operable to lengthen the upstream processing station 12 to encompass the region identified at 17,

thereby forming an extended upstream processing station 12,17.
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In this example, the extended upstream processing station 12,17 at least partially overlaps the downstream
processing station 14. However, the upstream and downstream processing stations 12, 14 may be a sufficient
distance apart that the extended upstream processing station 12,17 may instead not overlap the downstream
processing station 14. If desired, the upstream and downstream stations 12, 14 may be immediately adjacent one

another, and the extending step may include the step of shortening the length of the downstream processing station.

The monitoring system 20 is operable to issue a signal, such as an alarm signal, to an operator in the upstream
processing station 12 and, if need be, to an operator in the downstream processing station 14, that the upstream
processing function is not complete. The same signal may, if desired, be issued to personnel or operators in both
upstream and downstream stations 12, 14. For example, the signal may be visible and/or audible by both the
upstream and downstream operators. The signal may be an audible signal such as a buzzer, a ringer, a tone
generator, a voice synthesizer, or a visible signal such as a blinking light, a flag, or a signal having both an audible
component and a visible component. In this case, the operator may be a human being or be a robotic device. The

signal may also be emitted over a wired or wireless data link with the operator.

The monitoring system 20 is also operable to monitor the upstream processing function in the extended upstream
processing station 12,17. If the monitoring system 20 determines that the upstream processing function on the first
article is still not complete, the monitoring system 20 is operable to cause a label to be associated with the first
article for downstream remedial attention. In this case, the label may be associated with the vehicle either while the

vehicle is in the extended upstream processing station 12,17 or at some location downstream thereof.

In this case, the extended upstream processing station 12,17 is temporary, that is it is extended only when needed,
namely when the upstream processing function is incomplete. In this case, the upstream processing station 12 is
returned to its normal length or size when the upstream processing function is either complete or when the label is
associated or issued, or a label file updated for the vehicle. The size of the extended upstream processing station

12,17 may depend on the speed of the assembly line 10 and the time necessary for the operator to finish the
upstream processing function, as well as the assembly line “pitch”, in other words the spacing between the articles

thereon. For instance, on a vehicle assembly line, the normal pitch may be in the order of about 10°6” which
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corresponds approximately to 1.5 times the width of the vehicle, that is the spacing between the leading edges of
adjacent vehicles on their vehicle carriers on the conveyor 16. The span of the upstream processing station 12 is, in
this example, defined by the entry and exit limit switches 30, 32. If they are spaced a distance greater than the

normal pitch, then more than one vehicle may appear in the upstream processing station 12 at one time, which may

be undesirable in some cases.

Thus, the controller 22 is operable to determine if the upstream processing function has been completed when a
predetermined condition exists. The predetermined condition may be an elapsed time, for example, foliowing the
tripping of the entry limit switch 30, indicating the presence of the vehicle in the upstream processing station. In

this case, the allowed elapsed time may be calculated by the length of the upstream processing station 12 and the

travel speed of the conveyor 16.

Alternatively, the predetermined condition may be detected by the triggering of an intermediate limit switch, located

relative to the travel path between the entry and exit limit switches 30, 32. In this case, the intermediate limit switch
may indicate the need to determine if the upstream processing station 12 needs to be extended, thus giving due

notice to the operator in the downstream processing station 14.

In this particular example, the upstream processing station 12 is a torque theatre but could include other processes
such as an installation step, a coating step, a removing step, an applying step or the like. The monitoring step 1n this
example may include counting the number of correct torque functions executed in the torque theatre. The monitoring
system 20 is operable, in this case, to monitor each torque function by the torque tool 24 by sensing the operation of
the torque tool 24 to determine when it is operating within a first set of predetermined conditions to register a correct
torque function and to determine when the torque tool 24 is operating within a second set of predetermined
conditions to register an incorrect torque function. This can be achieved in a range of techniques, all being aimed at
recording either each correct torque function, each incorrect torque function or both correct and incorrect torque
functions. This might be achieved, for example, by the use of a torque tool of the type having a strain gauge
transducer which proportionally flexes according to the torque being delivered by the tool, in which case the

monitoring means may be operable to record either a relatively low signal or an exceedingly high signal as an
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“incorrect” or incomplete torque function, and a nominal or “OK” signal as a “correct” or complete torque function,
again dependent on the first and second sets of predetermined conditions. An example of such a tool are those

available under the trade name ATLAS COPCO.

In another case, the tool may use an angle encoder, and/or a current (or voltage, or power) flow meter which
determines proportional torque value according to the magnitude of current (or voltage, or power). In still another
case, an RF preset wrench, may be used of the type having a limit switch on the back of the wrench which, when the
correct torque is achieved, closes to send a signal by way of a radio frequency carrier wave to the controller. In still
another case, the tool may be a pneumatic tool having a pressure transducer operable to emit a signal when a

predetermined pressure condition occurs on the inlet side of the tool or a pressure differential over the tool.

Referring to figure 2, the monitoring system 20 is shown for the assembly line having a number of processing
stations, each having one of the controllers shown at 22 and 22a to 22f. Though not shown for each controller 22a
to 22f, each communicates with one or more limit switches or other means of recording the presence of the vehicles
in the corresponding processing stations, such as by the use of mechanical, optical or magnetic sensors or the like
such as reflectors whose beams are interrupted by the vehicle, or a video camera recording an image of a vehicle or
a part thereof entering the processing station. In this case, the controllers 22 and 22a to 22f communicate with the
master controller 38 over communication network 40. The master controller 38 includes a torque controller 38a
which in tum communicates with one or more assembly line monitoring or controlling functions as shown at 38b to
38d. Figure 2 illustrates different exemplified stations for the vehicle assembly line 10 and, in this case, the
controller 22 monitors the processing station 12 in the form of a steering gear box processing station, that is a station
wherein the steering gear box is installed in a vehicle. The master controller 38 is operative to sense any irregular

events on the assembly line 10, including an incomplete torque event at any of the processing stations.

The controller 22 and the torque tool 24 are shown in more detail in figures 1a and figures 3 to 7. The controller 22
has a programmed logic controller (PLC) 50 (see figure 3) having an input interface 52 (see figure 5) with inputs
1305 to 1309 which are coupled to a keypad 54 and inputs 1296 to 1298 which are coupled to the torque tool via the

eight pin connector 56, as shown in figures 4 and 5. The inputs 1299 and 1300 are coupled to the entry and exit limit
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switches 30 and 32 respectively. Input 1301 is coupled to a key bypass unit 57 which provides a manual override.
Input 1302 is coupled to the torque master controller 38 to receive an error acknowledgement signal at switch 60.
Input 1303 is coupled with a model bypass unit switch 58 which permits the operator to bypass a vehicle through the
upstream processing station 12, for example when the torque tool 24 is not functioning properly. Input 1304 is
coupled to a green (or other suitable colour as desired) send button 22a on the exterior face of the controller 22
which has the function of sending the keypad entered vehicle reference number to the master controlier 38 to
release a vehicle and, if need be, restart the assembly line 10. If the line has not already been stopped, this would
prevent stoppage by releasing the vehicle. The PLC 50 is also operable to count the number of successful torque
events and to display a count therefor on numerical or graphical display 62 (see figure 7). The controller 22 also has
number of display beacons, such as beacon 64 to indicate a current status of the processing station, such as when a

vehicle leaves the extended upstream procession labelled or otherwise identified for remedial work.

The monitoring system 20 may also, if desired, be capable of monitoring, more precisely, the functions of the torque
tool, such as by monitoring the specific locations where the tool is operating. Referring to figures 1d and le, the
monitoring system may establish a data structure containing sufficient data to map a predetermined region of the
article and the location of fasteners at predetermined locations therein, such as shown at 66. In this case, the
monitoring system may be operable to monitor one or more targets, such as at 68, to be hit during a predetermined
torque sequence. In other words, the controller 22 may be capable of doing more than merely recording or
distinguishing between correct and incorrect torque events on a batch basis. Rather, each torque event may be
associated with a particular location or target on the map 66 wherein each target is given a predetermined identify

code or address on the vehicle and a value indicative of one or more parameters relating to the torque event at that

particular location.

For example, the monitoring system may be capable of recording the location or part name of the torque tool relative
to the map, and storing the location of the tool and a predetermined torque condition of the tool in a database in
master controller 38. In this manner, the data may be analyzed more carefully to determine if there is a consistent
error, not only at a particular processing station, but at a particular bolt (or other particular target) in the processing

station. The map 66 may be graphically presented to one or more operators on the assembly line or to an operator at
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a control station.

The master controller 38 may also equipped with a data base which records the incidence of error signals at the

various processing stations 22 and 22a to 22f, allowing the productivity of the assembly line 10 to be analyzed

relative to each processing station.

The system may be used as follows, with reference to figures 1, 1a, 1b and 1c. First, the assembly line 10 is
activated to deliver a first vehicle 18 to the upstream processing station 12 to a waiting operator therein, who may
be either a human being or a robot, or some other automated processing device. The operator then initiates, and the
monitoring system 20 monitors, a predetermined torque protocol on the vehicle 18. The protocol may govern or
involve, for one example, the torque down of several bolts on a steering gear box as installed on a vehicle 18. In this
case, the monitoring system counts the number of torque events executed by the torque tool 24. These torque events
are usually required, for instance, to be within a predetermined torque range depending on the specifications of the
fastener and the substrate into which the fastener is being fastened. In this case, then, the monitoring system 20 is
operable to count the number of successful torque events within the predetermined range and to count the number of
unsuccessful torque events, namely those which fall outside the predetermined range and to display the count on
the numerical display 62. Thus, the system is beneficial, in part, because it provides the operator of each processing

station the ¢opportunity to confirm that he has completed each of the designated torque functions for that particular

processing station.

The vehicle enters the upstream processing station 12 and trips the entry limit switch 30 which conveys an entry
signal to the controller 22 to initiate a batch count of the torque functions. As the vehicle passes through the
upstream processing station 12 the operator works through the torque functions and each torque function causes a
signal to be conveyed from the torque tool 24 to the controller 22 via inputs 1296 to 1298 on the PLC 52. When
leaving the upstream processing station 12, the vehicle trips the exit limit switch 32, sending an exit signal to the
controller 22 via input 1300. The controller 22 then compares a batch count with a predetermined count for that
particular process. If the batch count is below the predetermined count the controller 22 issues an alarm signal to

the operator. The controiler 22 then extends the length of the upstream processing station 12 to form the extended
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upstream processing station 12,17 to permit the operator sufficient extra time to complete the required number of
torque functions. If the operator completes the torque task(s) successfully, the controller 22 records a complete
torque function while another vehicle enters the upstream processing station, in which case an entry signal from the

limit switch 30 is received by the controller 22 via input 1299, causing the batch counting function to be reset.

As shown in figure la, the alarm signal may, in one example, be issued before the vehicle triggers the exit limit
switch 32, for example after a preset time period has passed, for example in the order of ten seconds. The alarm
signal thus may function as a warning signal, to give the operator the opportunity to complete the upstream
processing function. The assembly line 10 may be configured to stop temporarily, if the vehicle reaches the exit
limit switch 32, with the upstream processing function still not complete, at which time the upstream processing
station may be extended and the conveyor restarted. As the vehicle reaches the exit limit switch 32, the controller
22 detects that the upstream processing function is still not complete and the controller 22 may issue a periodic or
constant alarm signal while the vehicle is in the extended zone 17 of the extended upstream processing stations

12,17 until the upstream processing function is completed.

[f the controller detects that the vehicle reaches the boundary of the extended upstream processing station 12, 17 or a
designated location near that boundary, the controller 22 may stop the conveyor temporarily, with or without the
same or different alarm signal, allowing the operator in the upstream processing station 12 still more time to
complete the processing function, at which time the operator enters the vehicle registration number in the keypad 54
and presses the green send button 22a to allow the vehicle to pass. In this case, the controller 22 arranges for a
label to be printed for, or associated with, the vehicle, or a pre-existing label file to be updated, to indicate that
remedial work 1s needed relative to the upstream processing function. Thus, the operator records the incomplete
function either manually or electronically on a label on the vehicle, that is on the final inspection card or memory

chip travelling with the vehicle, or a file stored electronically elsewhere, such as in the monitoring system 20.
The torque tool may be, for instance an impact gun, or another tool such as a paint sprayer, a power ratchet tool, an

power drill, a power sander, or any other tool in which the process function carried out by that tool may be

monitored by a controller under predetermined conditions to indicate either a correct or incorrect process function.
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Thus, when the vehicle is in the upstream processing station 12, the controller 22 notifies the operator with a chirp
or some other audible or visual signal and then indicates to the operator that the torque tool is ready for use. During
the operation of the tool, the controlier maintains a record of''OK’signals received from the torque tool. As the
controller receives an OK signal, the controller 22 updates a batch counter or display on the controller 22 and shows

the operator the number of good torque functions. When the correct number of torque functions is complete, the

controller 22 notifies that the master controller 38 that everything 1s normal and continues running online.

In an abnormal situation, where the correct number of torque functions has not been met and the vehicle trips the
exit limit switch 32, another vehicle may be entering the processing station from the upstream side and the alarm
continues to issue the alarm signal until the torque function protocol for that processing station 1s finished or until
the operator enters the vehicle registration in the key pad and overrides the alarm, and a potential stoppage of the

assembly line 10.

While the present invention has been described for what are presently considered the preferred embodiments, the
invention is not so limited. To the contrary, the invention is intended to cover various modifications and equivalent
arrangemerits included within the spirit and scope of the appended claims. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent structures and

functions.
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1. A method of controlling an assembly line, comprising the steps of;

g

" - providing a moving assembly line to move a series of articles along a number of processing

stations;
- designating a first of the processing stations on the assembly line;
- providing the first processing station with a first length:

- providing an entry signal 10 be representative of an arrival of an article in the first processing

station and/or an-exit signal to be representative of a departure of the article from the first -

- processing station;

- delivering a first article to the first processing station;
- providing a designated processing function in the first processing station;

- monitoring 'thf: designated processing function on the first article within-the first processing

station over a first monitoring period according to the entry signal and/or the exit signal;

- being ready to detect in the first processing station, a first condition in which the designated
processing function on the first article is not complete within the first monitoring period and

responsive to the first condition:

- issuing a signal to an operator in the first processing station that the designated

processing function on the first article is not complete;
- extending the first processing station along the assembly line to allow the operator
an additional length portion of the assembly line to complete the designated .

processing function;

- and monitoring the designated processing function in the extended first processing

station over a second monitoring period;
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. - being ready to detect in the first processing station as extended, a second condition
in which the designated processing function on the first article is not complete within

the second monitoring penod; and
- responsive to the second condition:
- - associating a label with the first article for remedial atiention; and -

- advancing the first article along the assembly line from the ﬁrs§ processing station
as extended.

The method as defined in claim 1, wherein the extended first processing station is‘rgtumeq to is

- original length when the designated processing function’on the first article is either complete or

‘when the first article is advanced beyond the first pro_cessing station afong the assémbly hige..

The method as defined in claim |, wherein the assembly line is a vehicle assembly line.
The method as defined in claim 3, wherein the first processing station is a torque theatre.

The method as defined in claim 4, wherein the monitoring step includes counting the number of

correct torque functions executed in the torque theatre.

The method as defined in claim 4, wherein the step of monitoring includes the steps of providing a
torque tool and sensing the operation of the torque tool to determine when the torque tool is
operating withia a first set of predetenﬁined conditions to register a correct torque function and to
determine when the torque tool is operating within a second set of predetermined conditions to |

register an incorrect torque function.

The method as defined in claim 6, wherein the monitoring step includes the step of providing a

map of torque targets to be hit during a predetermined torque sequence.

The method as defined in claim 7, wherein the step of monitoring includes the step of recording

the location of the torque tool relative to the map, and storing the location of the torque tool and a

predetermined torque condition of the torque too] at each location.

A method of controlling an assembly line, comprising the steps of: providing an article assembly

line to move a plurality of articles along a number of processing stations;
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- designating a first of the processing stations on the assembly line;
- providing the first processing station with a first length;

- providing an entry signal to be representative of an arrival of an article in the first processing
- station and/or an exit signal to be representative of a departure of an article from the first
processing statiom; |

-

- delivering a first article to the first processing station; -
- providing a designated processing function in the first processing station;

- monitonng the designated processing function on the first article within the first processing

station over a monitoring period according to the entry signal and/or the exit signal;

- detecting a condition in which ihe designated processing function in the first processing

station on the {irst article is not complete within the monitoring period:

~ issﬁing a signal to an operator in the first processing station that the designated

processing function on the first article is not complete;

.- e}tt‘énding the first processing station along the assembly line to form an extended
first processing station to cause the extended first prOccssing station to at least

| pa’r_tiall.y overlap a second processing station along the assembly line, to allow the .

. operator an additional length portion of the éssembly line to complete the designated

processing function,;

- monitoring the designated processing function in the extended first processing

station: and

- - advancing the first article along the assembly line from the extended'ﬁmt

processing station.

10. A method of controlliﬁg an assembly line, comprising the steps of:
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- - providing an article assembly line to move a plurality of articles along a number of

' - processing stations;

-

- designating a first of the processing stations on the assembly line;

- wherein the first processing station is immediately adjacent a second of the processing

stations;
- providing the first processing station with a first length;

!

- providing' an entry signal to be representative of an arrival of an article in the firs( processing
station and/or an exit signal to be representative of a departure of the article from the first
processing station;

- delivering a first article to the first processing station;

- providing a designated processing function in the first processing station;

- monitoring the designated processing function on the first article within the first processing -

station over a monitoring period accord to the entry signal and/or the exit signal;

- detecting a condition in which the designated processing function in the first processing

~station on the first artcle 1s not complete within the monitonng period; and

- responsive to the condition:

- 1ssuing a signal to an operator in the first processing station that the designated

processing function on the first article 1s not complete;

- extending the first processing station along the assembly line and shortening the
length of the second processing station as a result of extending the first processing
station to form an extended first processing station to allow the operator an
additional length of the assembly line to complete the designated processing
function; monitoring the designated processing function in the extended first

processing station; and

- advancing the first article along the assenibly line from the extended first processing station.
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The method as defined in claim 10, further including the step of issuing one or more signals 1o an

operator in the first processing station and issuing ore or more signals to an operator in the second

processing station, the one or more signals indicating that the designated processing fu.nct'ion'is not

complete.

The method as defined in claim } 1, wherein the fsame signal 1s 1ssued to both the first and second

Operators.

The method as defined in claim 11, wherein the signal is visible and/or audible by both the first

and second 6pcfators.

The method as defined in claim 11, wherein the signal is com}eyéd, or encoded on a carrier signal

which is conveyed, over a wired and/or wireless data link. -
An assembly line, comprising:
- a first processing station and a second processing statton;

- conveyor means for conveying a plurality of articles along the assembly line and through the

processing stations:;

- at least one first processing means for processing an article delivered to the first processing

station;

- a first entry signal generating means to issue a first entry signal to be representative of an

arrival of an article n the first processing station:

-a first exit signal generating means to issue a first exit signal to be representative of

a departure of the article from the first processing station;

- first process monitoring means for monitoring a first processing function over a

first monitoring period according to the first entry signal and/or the first exit signal;

- at least one second processing means for processing an article delivered to the

second processing station; .

26



T T S A T . 3 L d -a eu am

e T N T 1o
-

T I SRR P S c——— A v dide Wl AR A ARIEE . “—ae ... R EITE ] -

10

15

20

25

-30

35

CA 02462711 2007-08-13

- a second entry signal generating means to issu¢ a secor@d entry signal to-be

representative of an arrival of an arucle in the second processing stations;

- a second exit signal generating means.to issue a second exit signal to be

‘representative of a departure of the article from the second processing station;.

- second process monitoring means for monitoring a second processing function over

- a second monitoring period according to the second entry signal and/or the second

exit signal;

- masier monitoring means, communicating with each of the first and second process

monitoring means for monitoring the assembly line;

-y

- each of the first and second process monitorihg means being operable to detect a

first condition in which the corresponding process;ing function is not complete;

- each of the first and second process monitoring means being responsive to the first
condition to issue a signal 10 an operator in the corresponding prof:essing station that
the corresponding processmg function is not complete, and to extend the iength of

the travel of the cdnvcyor means aiong the assembly line for the corresponding

- processing station to form an extended processing station for the operator to

complete the corresponding processing function;

-

- the corresponding process monitoring means being operable to monitor the

processing function i the extended processing station according to the

corresponding entry signal and/or the corresponding exit signal;

- the process monitoring means being operable detect a sécond condition in which
the processing function on the article in the extended processing station is still not

corﬁpleic;

- the process monitortng means being responsive to the second condition to cause a

label to be associated with the corresponding article for remedial attention. *

16. A method of controlling an éséembly line, comprising:

- a step for providing a moving assémbly line;
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- a step for designating a first processing station on the assembly line;

- a step for providing an entry signal to be representative of an arrival of an article in the first

processing station and/or an exit signal to be representative of a depérlure of the article from -

the first processing station;
- a step for delivering a first article to the first processing station;

~astep for providing a designated processing function in the first processing station;

- a step for monitoring the designated processing function on the first article within the first
processing station over a monitoring period according to the entry signal and/or the exit

signal;

- a step for being ready to delect a first condition in which the designated processing function

in the first processing station on the first article is not complete within the monitoning period,

and responsive to the first condition:

- a step for issuing a signal to an operator in the first pmécssing station that the

“designated processing function on the first article is not complete;.

- a step for extending the first processing station along the assembiy Jine to allow the
operator an additional length portion of the assembly line to complctc. the designated

processing function;

- a step for monitor'ix_xg the designated processing function in the extended first

processing station;

- a step for being ready to detect second condition in which the designated ~
processing function on the first article is not complete in the extended first

processing station; and

- responsive to the second condition:

- a step for associating a label with the first article for remedial attention;

28
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- a step for advancing the first article along the assembly line from the extended first

processing station.

17. A processing system, comprising:

- a first processing station positioned on a moving processing line;

' - a conveyor to convey a plurality of articles along the processing line and through ﬂ)e first

- processing station;

- at least one first processor to progess an article delivered to the first processing station

according to a first processing function;

- a first enfry signal generator to issue a first entry signal to be representative of an arrival of
an article in the {irst processing station,

- a first exit signal generator to issue-a first exit signal to be representative of a departure of

the article from the first processing station; ) S

- a process rhonitor to monitor the first processing function over a first monitoring period -

according to the entry signal and/or the exit signal;

- the process monitor being responsive to a first condition in which the first processing

function is complete. to issue a signal to an operator in the first processing station that the
corresponding processing function is not complete, and to extend the length of the processing
line corresponding to the first processing station to form an extended first pmcessihg station

for the operator to complete the first processing function;
- the-'process monitor being operable o monitor the first processing function in the extended
first processing station over a second monitoring period according to the entry signal and/or

the exit signal;

- the process monitor being operable in the second condition in which the first processing

function in the extended first processing station is still not complete to cause a label to be

associated with the corresponding article for remedial attention.

29
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18. The system as defined in claim 17, the process monitor being operable to return the extended first
processing station to its original size when the first processing function is either complete or when

the first article is advanced beyond the fust processing station.
5 19. The system line as defined in claim 17, wherein the first processing station 1s a torque theatre:

20. The system line as defined in claim 19, wherein the process monitor is operable to count a number

of correct torque functions executed in the torgue theatre.

10 21. The systeni li;'ne as defined in claim 20, the first processing station including a torque tool, the
_ process monitor being operable to sense the operation of the torque ool to determine when the
torque tool is operating within a first set of predetermined condiﬁ_ons to register a correct torque
function and to determine when the torque lobl is operating within a second sct of predetermined |
conditions 10 register an incorrect torque function. .
15 | o |
- 22. The system line as defined in claim 21, further comprising a display to provide a graphical

representation of a map of torque targets to be hit during a predetermined torque sequence.

23. Thc-system Iine as defined m claim 22, the display being operable to record the location of the
20 torque tool relative to the map, further comprising a data storage unit for storing the-location, of the

torque tool and a predetermined torque condition of the torque tool at each location.

24 The system as defined in claim 17, wherein the processing .iine is operable to @vel along a flow
path in a predetermined difection. | |
25
25. The system as defined in claim 17, wherein the processing line is operable to travel along a ﬂow'

~ path-in more than one predeterniined direction.

26. -A.processing system comprising:
30 ' |

- - a first processing station positioned on a processing line;

- a conveyor for conveying a plurality of articles along the processing hne and through the
first processing station;
35

- at least one first processor for processing an article delivered to the first procéssing station

according to a first processing function;

30
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- a first entry signal generator to issue a first entry signal to be representative of an arrival of

an arficle in the {irst processing station;

- a first exit signal generator to issue a first exit signal to be representative of a departure of

the article from the first processing station;

-.a process monitor operable to monitor the first processing function over a first monitoring

period according to the entry signal and/or the exit signal;

- the process monitor being responsive to a first condition in which the first processing

- function is not compete, o issue a signal to an operator in the first processing station that the

- corresponding processing function is not complete; and

- to extend the length of the processing line corresponding to the first processing station, the

‘extended first processing station at least partially overlapping a second processing station to

form an extended first processing station for the operator to complete the first processing

function;

- - the process monitor being operable to monitor the first processing function in the extended
"~ first processing station over a second monitoring period according to the entry signal and/or

- the exit signal;

.~ the process monitor being operable in a second condition in which the first processing

" Y R AN E T WY 'YEAVIANETEARY

- function in the extended first processing station is still not complete in the second monitonng

period to cause a label to be associated with the corresponding article for remedial attention. .

- 27. The system as defined in claim 26, the process monitor being operable to shorten the length of the ‘

processing line for the second processing station according to the extended first processing station.

28. The system as defined in claim 27, the process monitor being operable to issue one or more
- signals to an operator in the first processing station and/or-one or more signals to an operator in
the second processing station, the one or more signals indicating that the first processing function

1S not complete.

29. The system as defined 1n claim 28, wherein the signal is visible and/or audible by both the first

and second operators.

31
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30. The system as defined in claim 28, wherein the signal is conveyed, or encoded on a carrier signal

which is conveyed, over a wired and/or wireless data link.

31. A method of monitoring the productivity of an operator in a processing station in an assembly line,

comprising:

i0

15

20

25

30

35

- providing a moving assembly hne;
- designating a first processing station on the assembly line;
- pro'v;Iding an' entry signal 1o be representative of an arrival of an article in the first processing

station and/or an exit sighal to be representative of a departure of the article from the first

processmg station; -

- - delivering a first article to the first processing station;

- providing a designated processing function in the first processing station;

- monitoring the designated processing function on the first article within the first processing -

- station over a monitoring period according to the entry signal and/or the exit signal;

{

A

- detecting a first condition in which the designated processing fu_nction in the first processing

- station on the first article is not complete within the monitoring period; and

V4

- - responsive thereto issuing a signal to an operator in the first processing station that the

designated processing function on the first article is not-complete;

- extending the first processing station along the assembly line to allow the operator an

- additional length portion of the assembly line to complete the designated processing function;

--mohitoring the designated processing function n the extended first processing station;

- detecting a second condition in which the designated processing function on the first article

" 1§ not complete, and

- responsive thereto;

32
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~ - associating a label with ihe first article for remedial attention;

- advancing the first article along the assembly line from the extended first

processing station;

,-_recording'an incomplete first processing function event.

33
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