I C osed Loop One Piece Flow System Field of the

I nvention 5 The present invention relates generally to
an inproved one piece flow systemused in a
processing line. Mre particularly, the inproved one
pi ece flow systemis wused in a dye penetrant

i nspection line to increase throughput out put
quality and to reduce spag J#: Wdo i zation within a
factory floor. Background d? eI fiventi on There are
various technol ogi cal, ?eyfégg QR§SggtLHe fields of
structural crack det €Ction an |nsp t1on 15 incl uding
use of infrared thernmal imging nmethod, use of hybrid
ul trasoni c/thermal imagi ng nethod or radiography
Howevel . & MIE [goampn type. of crack detection nethod
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VISIb|§ |nd|cat|on that becones visible to an ,
use in a dye penetrant inspection line to increase

throughput, output guality and to reduce space

10 utilizaticon within a factory floor.

Background of the Invention

There are various technological developments in the

fields of structural crack detection and inspection

15  including use of infrared thermal imaging method, use of
hybrid ultrasonic/thermal imaging method or radiography.
However, a more common type of crack detection method for
use in non-ferromagnetic materials is basgsed on dye
penetrant methoed. The dye penetrant method involves the

20 applicatiocn of dye to a subject component, typically by
dipping or spraying. After sufficient penetration time,
the excess dye is removed, dried and a developer is
applied. The developer draws the dye from a crack to

form a visible indication that beccmes visible to an

25 inspector.




25 inspector. 2 In order to inprove throughput and to
i ncrease the efficient use of production floor space,
a typical dye penetrant inspection line is set-up
based on batch processing. During inspection stage,
pall ets comprising a 5 pIuraJi}y of conponents are
checked batch by batch by an ‘operator for cracks. As
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20 until all conpo entg.mﬁt in a pal e# are processed.
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tln?hg%e is a tendency for the operator to miss out on some

10 defective components. The search for fine cracks within a
matrix arrangement of confusingly similar components
would increase the miss ratio and is highly undesirable.
This is particularly where components with surface
breaking defects or cracks present major safety and

15 reliability issues especially those used in the aerospace
industry.

The dye penetrant inspection line based on batch
processing is furthermore susceptible to delays.
Egsentially, no pallet may move on to a next station

200 until all components within a pallet are processed. A
larger pallet would regult in longer processing time at
any particular station, thereby increasing the wait time
between stations. This reduces throughput as a result of

delays alcong the processing line. Storage space would be

25 additionally required to provide temporary storing whilst




any particular station, thereby increasing the wait
time between stations. This reduces throughput as a
result of delays along the processing line. Storage
space woul d be 25 additionally required to provide
tenporary storing whilst 3 wajting | ong processing
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10 Summary of Invention

In acccrdance to one aspect of the present
invention, there is provided a method for increasing
throughput of a one piece flow system used in a

15 processing line comprising the steps of dividing a task
time T needed for a gingular task A in the processing
line with a required throughput T, per piece to obtain a
number of sub-tasks n, that is, n is T/ Tp; and
allocating said n sub-tasks to n new stations, each

20 station performs the same task A but at reduced time Tg.

In accordance to another aspect of the present
invention, the method further comprises the step of
arranging the processing line in a cloged loop vertical

formation relative to a production floor.



In accordance to another aspect of the present

i nvention, the nethod further conprises the step of
‘arranging the processing line in a closed | oop
vertical formation relative to a production floor. 4
Preferably, the closed | oop quticaI formation is in
rectangul ar shape. Preferably, the cl osed | oop

VertiCalpfé%&@%%%ﬂakﬁeiglogg g%#ﬁévégegg?%5féfhation is in

accordance to not her e nt o e present

inng&EéﬁFutgyaégg%qu further conprises the step of
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arr angi e proCessing line in a double deck .
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In another aspect of the present invention, there
10 is provided aprocessing line for use in assembly or
inspection line comprising a plurality of tasks with
different task time arranged along the processing line in
a closed lcop vertical formation, wherein each task with
a corresponding task time T in the processing line with a
15 throughput of T, per piece is divided into a number of
sub-tasks n, wherein n is T/ T, such that each sub-task
is executed at T, or less.
Preferably, the closed loop vertical formation is in
rectangular shape.

20

Brief Description of the Drawings

Fig. 1 shows a perspective view of a preferred

embodiment of the present invention.



rect angul ar shape. 20 Brief Description of the

Drawi ngs Fig. 1 shows a perspective view of a
preferred enbodi nent of the present invention. 5
Preferred Enbodi nents of the Invention In accordance
to the one piece flow systemof the present
invention, a task with task time T in a processing
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the pr esehe arran
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advantageously reduces the task time T needed for a task
10 by allocating the n sub-tasks to n new stations in the
processing line, each station performs the same task but
at reduced time T, or less in the event n is rounded-up.
For illustraticn purposes, it is assumed that the
throughput T, per piece required for a processing line
13 using a one piece flow system is 10 minutes per piece and
the task time T required for station o is 30 minutes. In
accordance to the one piece flow of the present
invention, station « ig replaced by 3 stations, each
station performs the same task at reduced time T, of 10
20 minutes. The reduced task time from T to T, per station
advantageously remcves bottleneck at any one processing
station to achieve the desired throughput of the
processing line.
The number of staticns in a processing line will

25 inevitably increase as a result of allccation of




invention, station a is replaced by 3 stations, each
station perforns the sane task at reduced tine Tp of
10 20 mi nutes. The reduced task time fromT to Tp per
station advantageously renoves bottl eneck at any one
processing station to achieve the desired throughput
of the processing line. The nunmber of stations in a
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t he shape of rectangular or square. In garticuugr
Fi901TS }otep, formation relative to a production loor. In

a preferred embodiment of the inventicn, the close loop
10 formation of the processing line is formed as a vertical
closed loop formation. More preferably, the vertical
closed locp formation takes the form of a double deck as
shown in Fig. 1 or multiple decks in the shape of
rectangular or square. In particular, Fig. 1 shows a
15 processing line with a series of processing stationg 103
containing parts 108 arranged in the double deck
formation.
In an alternative embodiment of the invention, the
said clesed locop formation also includes a planar closed
20 loop arrangement which may take the shape of for example,
rectangular, square or circular.
The closed loop arrangement of the present invention
is as copposed to a conventional linear and planar
arrangement across a production floor which would

advantageously increases the efficiency of space




15 processing line with a series of processing
stations 103 containing parts 108 arranged in the
doubl e deck formation. In an alternative enbodi nent
of the invention, the said closed |oop formation al so
i ncludes a planar closed 20 |oop arrangenent which
may take the shape of for exanple, rectangul ar,
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Thefgng pi ece flow system of the present invention
may 8°1s I any processing or assenbly line. In

particular, the gne piece flow syst of _the present .
10 1 nvent 1P af 5E°UEA0" (BF Sty E peRePFaREAt tivention
proc ine for the inspection of g{gcfs in

conﬁ%iZ%ggbgﬁét%?pﬁeglProcess ng or assem ine. In

particular, the one piece flow system of the present

10 invention may be used for a dye penetrant processing line
for the inspection of cracks in components. A typical
dye penetrant processing line comprises a penetrant task,
a dwelling task, a washing task, a drying task and a dye
development task. A typical dye penetrant processing line

15 may require, for example, a throughput of 5 minutes per
component .

The dye penetrant task includes a station for
coating the components under test with dyve. The coating
may be achieved by dipping or spréying the components

20 under test with dye serially. Typically the process may
take about 5 minutes per component. For a processing
line with a throughput of 5 minutes per component, the

penetrant task time of 5 minutes would satisfy the

throughput reguirement.




dye penetrant processing |ine conprises a penetrant
task, a dwelling task, a washing task, a drying task
and a dye devel opnent task. A typical dye penetrant
processing line 15 may require, for exanple, a

t hroughput of 5 m nutes per conponent. The dye
penetrant task includes a stati on for coating the
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The dye is subsequently infused into the component
10 through a dwelling process. The dwelling process may
typically take about 10 minutes per component. In
accordance to the present invention, the dwelling process
with a task time of 10 minutes is divided into 2 sub-
tasks for a processing line requiring a throughput of 5
15 minutes per component. Each sub-task may be assigned to
one processing station in the processing line. The
breaking-up of a single task into a series of smaller
tasks advantageously allows each smaller task to meet the.
desired throughput of the processing line and effectively
20 removing bottleneck.

Upon completion of the dwelling process, the
compenents under test are washed to remove excess dye and
dirt. The washing process may take about 15 minutes per
component. In accordance to the present invention, the

25 washing process with a task time of 15 minutes is divided



10 through a dwelling process. The dwelling process
may typically take about 10 m nutes per conponent. In
accordance to the present invention, the dwelling
process wth a task tine of 10 m nutes is divided
into 2 sub- tasks for a processing line requiring a

t hroughput of 5 15 m nutes per” conponent. Each
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time of 15 minutes is divided into 8 sub-tasks (that is,
10  the number of sub-tasks n are being rounded-up such that
each sub-task is 2 minutes or less), each sub-task is
assigned a task time of 2 minutes to satisfy the
throughput requirement.
Upon completion of the washing process, the
15  compenents under test are dried. The drying process may
take about 15 minutes per component. In accordance to
the present invention, the washing process with a task
time of 15 minutes is divided into 3 sub-tasks for a
processing line requiring a throughput of 5 minutes per
20 component. Each sub-task is assigned to one processging
station in the processing line to achieve a required
throughput of 5 minutes per component.
In another alternative embodiment of the invention,
if the throughput required of a processing line is 2

25 minutes per component, the drying process with a task



if the throughput required of a processing lineis 2

m nut es per conponent, the washing process with a task
time of 15 mnutes is divided into 8 sub-tasks (that

is, 10 the nunber of sub-tasks n are bei ng rounded-up
such that each sub-task is 21n1nutes or |less), each
sub-task is assigned a task.tPne of 2 mnutes to
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10 which may be easily detected by a human inspector.

In the development process, the developer may be
applied to the components under test by for example,
spraying. The development time for the chemical reaction
between the developer and the dye may take about 15

15 minutes. In accordance to the present invention, the dye
development process with a task time of 15 minutes is
divided intoc 3 sub-tasks for a prccessing line reguiring
a throughput of 5 minutes per component. Each sub-task is
assigned to one processing station in the processing line

20 to achieve a required throughput of 5 minutes per
compenent .

While the invention has been particularly shown and
described with reference to various embodiments, it will

be recognized by those skilled in the art that

25 modifications and changes may be made to the present




the throughput requirenent. 5 The subsequent process
carried out in the dye penetrant processing line
conprises the dye devel opnent process. A developer is
used to draw the dye out of the crack onto the
surface to forma visible indication that is obvious
to the naked eye with the aid ¥f UV |ight and 10 which
be e S|Iy det ect e a_hupan inspector. lLn.th
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processing station in the processing line 20 to
achieve a required throughput of 5 m nutes per
conmponent. Wiile the invention has been particularly
shown and described with reference to various
enbodi nents, it will be recognized by those skilled
in the art that 25 nodifications and changes nay be
made to the present 11
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i nvention w thout departing fromthe spirit and scope
thereof. The scope of the invention should therefore
be determ ned not with reference to the above
description but with reference to the appended cl ai ns
along with 5 their full scope gf equi valents. 10 15
20 25 12 What is claimed is:'*1. A method for

i ncreasi ng throughput of a one piece 5 fl ow system
used in a processing line conprising the step of:

di vi di ng,a, t ask Wi,tp.a %erespondlng task time T in

the processing Iine wth a throughput Tp per piece
into a nunber of sub-tasks n, wherein nis T/ TP,
such that each 10 sub-task is executed at reduced

time Tp or The _net hod n claim.i
further ‘%orrprl s&esf%r cr?a?)l%cf ar roéilﬁgP ?#1 a one piece
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dividing a task with a corresponding task time T in
the processing line with a throughput T, per piece into a
number of sub-tasks n, wherein n is T/ Ty, such that each

10  sub-task is executed at reduced time T, or less.

2. The method as claimed in claim 1 further comprises
the step cof arranging the processing line in a closed
locp formation.

15
3. The method as claimed in c¢laim 2, wherein said
closed loop formation includes a vertical closed locp

formation.

20 4. The method as claimed in claim 3, wherein said
vertical closed loop formation includes an arrangement cf

double deck or multiple deck formation.




cl osed | oop formation includes a vertical closed |oop
formation. 20 4. The nmethod as clained in claim3,
wherein said vertical closed |oop formation includes
an arrangenment of double deck or nmultiple deck
formation. 13 5. The nethod $ clainmed in claim 2,
wherein said closed |oop formation includes a pl anar
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pleggrﬁégm&pased dye penetrant proceSS|ng 10 line as

| ai e

in claim®6, wherein said processing |line

further conprises: a dye penetrant station for coating
a layer of dye onto the surface of a conponent under
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7. The one piece flow based dye penetrant processing

10

15

20

line as claimed in claim 6, wherein said processing line
further comprises:

a dye penetrant station for coating a layer of dye
onto the surface of a component under test;

a dwelling station to allow infusion of said dye
into cracks or surface breaking defects;

a washing station for removing excesgs dye from
surface of component under test;

a drying station for removing water and moisture
from surface of component under test; and

a develcopment station for applying a developer onto

surface of the component under test and to allow reaction

between said developer and dye penetrant.




20 a devel opnent station for applying a devel oper onto
surface of the conponent under test and to all ow
reaction between said devel oper and dye penetrant. 25
14 S. A processing line for use in assenbly or

i nspection |ine conprising: a plurality of tasks with
different task tine arranged élong t he processing

linginggl Ocse%%&![%%f_éef@a; P WBGERLT e&chn{s%g%&tion

a correspon ask in the processi
Iin@lm%tgb 1 1 hput of Tpper piece is divided into
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is T/ Tp, such that each sub-task is executed at T, or
less.

10
9. The processing line as claimed in claim 8, wherein
gsaid closed loop formation includes a vertical closed

loop formation.

15 10. The processing line as claimed in claim 2, wherein
said closed lcocop formation includes an arrangement of

double deck or multiple deck formation.

11. The processging line as claimed in claim 8, wherein

20 said closed loop formation includes a planar closed loop

formation.
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formation. 25 15 12. The processing |line as clained
inany of clains 8 to 11, wherein said processing

line is a dye penetrant inspection line for marking
surface crack of conponents 5 under test. 10 15 20

25
15

12. The processing line as c¢laimed in any of claims 8 to
11, wherein said processing line is a dye penetrant
inspection line for marking surface crack of components

5 under test.
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