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IN PROCESS QUALITY CONTROL I’\I APPAREL PRODUCTION
SRR SEWING DEFECTS

I : I?mjei:t Review‘:")vo‘;,'é;n‘b or 1990

1 1 * Introduction -

~ This research and development task is directed to. providing an automatic, in-process quality

- control system for the detection of sewing defects as they occur at the sewing station. Individual

- operators bear responsibility under current schemes of management for the detection and '

- correction of sewing defects. The goal of this project is to assist the operator by gmng
1mmed1ate notice of the occurrence of a defect. | . o N o

V, Raptd detectton ofa sewmg defect 18 1mportant to opttmxzanon of the relatlonshtp between quality

-.and product1v1ty Defects may be corrected while the garment is in a lower added value state, and

~ less subject to oversight. Also, in a future which holds operator-less automated sewing stations,
. -on-line quahty control systems are the key to successful replacement of the operator as a qua l[y
o observer e : »

I 2 " Project Personnel : : -

-Dr. L Howard Olson is the project’s pnncxpal mvesngator Dr. Mathew E Slk()I'Skl is responsxb :
for data collection systems, and Dr. J. Lewis Dorrity is responsible for transducer electromcs and
data analysis. Bernard Gunn, a graduate student, is doing a M.S. thesis on acoustic emission

~ analysis in detection of sewing needle condition. Dana Kelley has completed a senior project on
~the balance of top thread and bottom thread in lockstitch loop formation. Some results of Ms. ,
_ Kelley’s research were published last month, and further conclusions will appear next month when
. the final report on the senior prolect has been received for review. : -
" The research team management is to allow shared efforts in’ all areas and communicate at least
: weekly on progress and objectives. :

B 13 - Travel

‘Dr. Sikorski visited Juki Corp. in Duluth, Ga for discussions concerning various attachments 10"
~existing sewmg machines. Of specific interest were an arrangement to advise the machine '
- operator that the bobbin is about to run out of thread, and a means to detect needle thread break
This trip was beneficial i in that a shaft encoder type of. device for measuring thread motion w as -

seen. The'inertia of rotating parts is quite small. An effort will be made to give. a quick look at
: this as a means Of measuring thread con‘sumption, N ' '

4:»”Dr Olson visited the Johnson & Johnson sewmg facﬂmes in El Paso TX, ‘which supphes nm\htd
- goods to the medical professmn :

.- Also, dlscusswns were had with Wayne Colvin in San Antonio and Gene Croyle in DaI as of
" Levi’s. They are very interested in following up on discussions which we had on our research.

21




2 '4"fi'-Résle;archAA Task 'Reiiierusrv}

' 112 1> . Thread/ Balance Considerations

In the October report, a study was desc‘rrbed whose goal was to mvestrgate umformrty and balance
~ of top thread consumption. This was done in connection with the investigations of the
- performance. of the Eltex sensor. For the sake of review, the Eltex sensor provides a measure of
thread consumption on the needle thread with each machine stitch. The needle thread is referred -
" to as the top thread and the bobbin thread is called the bottom thread in a lockstitch machine. -
The Eltex device combines a prezoelectnc transducer and signal conditioner, which puts out a
~ digital (or semi-digital) pulse during the period that the top thread moves. It is very reliable for
. detecting the fact of thread motion.. Our goal is to have it detect just-as reliably the number ot
fabric ply being sewn and a change in stnch density, both of which are sewing defects of
srgmfrcance . ,

‘In November studies were extended to nommal one and two mm stitch lengths in addmon 10 th

" “three mm length used excluswely in earlier work. The thread balance considerations were' fou: \1 o
to be similar in all cases. . The optimum needle thread tension to obtain top/bottom thread balunce

~ for two plies of fabric resulted in the needle thread being shorter than the bobbin thread for vre
ply and longer for three ply. In all studies above the bobbin tension was kept low at :
~approximately 20g. Hence, only.the top tension was varied.

In normal sewing operations, the top thread tension is kept sufficiently high to prevent loop

formation on the bottor of the fabric and not high enough to cause puckering. Our studies secri

to show that the "ideal" stitch formation which has the interlock point midway between the tw o

fabric surfaces (top and bottom) is not realistic for' denims. Instead, at reasonable top threud

_ tension the distance from bottom to top from the mterlock point is closer to 25%-75% rdthu thi
-50%- 50% The top thread Ioops the bobbin thread near the bottom of the fabric ply.

Provided that the stitch to stitch difference-s are small, it should be p0531ble to drstmguish‘ b

" the number of ply by companng the width of. Eltex pulses for the different conditions. -

~In order to minimize the: experrmental errors, .the Eltex sensor was fastened directly to the NSt

machine and the sensing element was located close.to the two in-line thread tensioners.
Additional experimental results are needed to fully evaluate the applicability of the Eltex \u‘wr

approach to the detectron of the number of ply being sewn. This work will continue in tht. | "

of December

22

L L INEARE



1122 : Ftberoptzc Tachometer System

A flberoptlc tachometer system (Spectral Dynamlcs Corp Model SD43 GPT l) was acqutred to "

do a study of frequency modulation of rotating sewing machine shaft position in order to detect

~ shaft torque loads resulting from stitch formation. ' The anticipation was that the number of ply,
: for example wxll change the output of the FM demodulator to lead to rehable ply detectton '

«'.The sensor in the fiber optic tachometer detects reﬂectecl ltght Fiber llght guldes are used to

transmit the light from its source to the target. In our case a tape was wrapped around the
handwheel of the sewing machine ‘containing, for example, sixty black and white stnpes Several

“densities of light-dark banding are being ptoduced for this work. - The light is reflected back from

the tape to the detection circuit. . This approach eliminates alignment problems since both the

transmitting and receiving fibers are randomly mixed in the same head assembly. The head hasa

built-in focusing lens and the electronics assembly inc ludes a sensitivity control for greater

, flextblltty

: The output from the mstrument is +3V 10 +5V (fixed with a given load) in presence of a moving
reflective tape target. The speed range is from below .02 pps ( 1.2RPM) to above 6000 ppSs.

. The initial experiments using the system showed that the train of pulses obtamed can be easily -
- identified with the. specxfxc events in the machine cycle, i.e., the moment of needle ptercmg the
* fabric or the start and finish of drawing the needle yarn. The tachometer pulses were also

simultaneously displayed thh those of the Eltex sensor whtch dxrectly dtsplayed the period of

| 1draw1ng of the yarn.

In a recent modtﬁcanon of the experimental setup, the ﬁberopttc head was attached to the sewiny
machine body rather than the table, to reduce vibrations. This work will continue in December
with the aim of checkmg ply detection capability of the system. Results of this work are being

‘held until a fair picture of what is happening can be ptesented in  the monthly report.
 HI. Plans for Next Month

_ The December plans are to continue the ply detection investigations using the Eltex sensor

approach The new effort; involving the fiberoptic system, will also be-directed toward the se: trth
for a reliable. ply detection method. However, in this approach the output of the FM demodulator

will be related to p0551b1y different shaft loads as a function of the number of ply. Sales persons -

who have visited us repeat that shaft speed variation is being used more and more to monitor

~ machine performance. To thlS end, Dr. Dorrity is searching for a better fiber optic detector
system. This includes narrower beam and higher fxequency response, both of which are needed 1o -
. mcrease angular resolutton :

,Work also will be started on a lockstitch detector. The error signal is expected to originate trom
~ the detector during a smgle defecttve stitch. The so»lutlon of this problem seems to be of major
. interest to industry. :
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IN-PROCESS QUAL][TY CONTROL IN APPAREL PRODUCTIOV
- SEWING DEFECTS | :

A " Project Review: December 1990
I.1 ~ Introduction

This research and development task is directed. to providing an automatic, in-process quality
~control system for the detection of sewing defects as they occur at the sewing station. Individual
operators bear responsibility under current schemes of management for the detection .and
correction of sewing defects. The- goal of this prolect is to assist the operator by giving
' 1mmed1ate notice of the occurrence of a defect

‘Rapid detection of a sewing defect is important to optimization of the relationship between .
- quality and productivity. Defects may be corrected while the garment is in a lower added value - =
~ state, and less subject to oversight. Also, in a future which holds operator-less automated sewing
- stations, on-line quality control systems are the key to successful replacement of the operator as
a quahty observer

1.2 Project Personnel

Dr. L. Howard Olson is the project’s principal investigator. Dr. Mathew E. Sikorski is
responsible for data collection systems, and Dr. J. Lewis Dorrity is responsible for transducer
electronics and data analysis. Bernard Gunn, a graduate student, is doing a M.S. thesis on
acoustic emission -analysis in detection of sewing needle condition. The research team
‘management is 0 allow shared efforts in all areas and communicate at least weekly on progresq :
and objecnves

13 -

- Dr Domty traw*led t Norcmss, GA to v151t with a company representmg a hne of mfra red and
~ visible spectrum detectors .The purpose was to find a means to detect bobbm thread motion and,
. therefore, bottom thread stitch mxsformanon : R L
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| II.I‘kv i ' Thread Balance Cons:deraaons

)fM&<wu

It 'was reported in the November 1990 report that for a denim fabric and a reasonable needle

" thread tension, the distance from bottom to top from the interlock point was closer to 25%-75%
- than 50%-50%. The needle thread.looped the bobbin thread near the bottom of the fabric ply.
- This condition was attained when the top thread tension was kept sufficiently high to prevent
loop formation on the bottom of the fabric but. not high enough to cause the puckering of the
fabric after sewing.

In all cases, mcludmg that of perfect balance for two plies of _fab'ric,'i.e., when the needle thread

longer for three plies. In all studies the bobbin thread tension was kept low, at approximately 20
gm‘ . . . N R . . :

- Figure 1.) illustrates both the needle tension effects on' the length balance sewing two plies of

fabric, as well 'as the effects of one and three plies on the length ratio.

TOP - BOTTOM THREAD BALANCE

Effect OF Top Thread Teraion

Langtn Batance (Top / aottom

S
BSD .. 750 850

Top m—m Termion, Q (&:ttnln = 20 a) -
a  Two Ply + One Piy ¢ Three Ply

~Figure 1 Top Thread Tension Effect on Balance

and bobbin thread are equal, the needle thread was shorter than the bobbin thread for one ply and .




'To further emphas1z the ply cffects the needlc tension was set at 250 gm and the length balance
values were obtamed for five samples each of one, two and three plies sewn. The results are
given in Fig. 2).” This figure, which was taken from work done in a special problems
“undergraduate prOjCCt ‘namely Dana Kelley’s project report, illustrates that as the number of
" fabric plies sewn increases, so does the amount of needle thread (.onsumed in the fabric.

No. of Ply vs. Thread Balance

CConotant Needie Tension, 230 0.

Neadiae / Bobbon Tv.fua @aniance Ratlo .~
>
"]
T
L
4
4

-
b

13— L .
) , 4 s

>
N

Rep | 1cation Number
a One Piy + Two Piy © Three Ply

- Figure 2. Thread Balance and Number of Fabric Ply

On the basis of the aboVe"results; a direct measurement of consumed needle thread, such as could
“be accomplished by passing the thread over a pulley attached to a low friction encoder, might
~ be the simplest method to differentiate between sewing one or more plies of fabric. An attempt

will be made to put this idea into practice.
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- As was mentioned: the;October« report room temperature and humtdrty appeared to have a
_significant effect on the:needle tension needed to establish a thread length balance. Danna Kelley
.. reported in her paper that on hot and humid days the thread length balance approached unity
- close to-a-needle thread tension of 450 gm, whereas on cool and dry days the corresponding
~needle tension was as high as 700 gm.- Thread finish; the oily or waxy surface lubricant applied-
~ by. the manufacturer, probably accounts for the humidity sensitivity of thread balance to top
thread tensron ‘ : :

These results suggest that further work is needed in this area in order to establish the factors that
cause such a significant difference in the findings. Possible causes might be associated with
"~ mechanical and frictional properties of the thread used, for example:

2 Aéoustic Measurements of Needle ‘erar."

'A series of expenmental runs. were made by Bernard Gunn a M S. level graduate student
working with' Dr. Sikorski, to check if there are. sxgmﬁcant dtfferences between the. acoustic
spectra for different conditions of wear of sewing needles. The assumpnon was that should there
be a measurable difference in the acoustic energy generated during sewing between a fresh and
a wom sewmg needle, -it should be possible to devise automatic means to alert the machine
: operator as to when a worn needle should be replaccd

The experrments were conducted by placmg a small ptezoelectrrc transducer on the body ot the
sewing machine in the vicinity of the needle shaft and away from the throat plate. This prevented
- possible interference of the transducer with the sewing process. The amplifier gain was sct .
52dB to bring the electrical signal into the workable range of the Nicolet 310 digital oscilloscope.

The experimental procedure was as follows. The acoustic spectral signatures were obtained tor
two needles, one brand new with a sharp tip and the other with a mechanically abraded tip to
radius about five times greater than the new needle. Four traces for each needle were then
- analyzed with the help of DADISP software. The frequency range analyzed was 0-25 kHz. Atter
obtaining four FFT spectra, an average spectrum for each needle was generated and the resul:
-compared. Areas under the average spectra were used to compare the two needle conditions. 11
variability of areas from trace to trace for each needle was also evaluated in addition to obtnnm

e the areas .for each average spectrum The results obtained were an average and range for ¢ tth

Area(sharp needle)~(329 9 + 32 '5) Volt X Hertz and
Area(worn needle)-(422 6 + 140 2) Volt X Hertz
These results show that the acousttc energy generated. by the blunted needle was about 23
greater, than for the new, sharp needle. The variability of areas from experiment to experiiicnt

~ was about 33% for the blunted needle compared to about 10% for the new needle. The above
results were obtained for a fixed sewing speed of 2100 RPM.- ‘
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-The prehrmnarytresuks, reported above ﬁuggest the feasrbrhty of developmg a needle wear

detector. An.RMS. voltagevsrgnal generated by the transducer during a short run of sewing at'a

. constant RPM' could be: compared with the previously recorded value for a new needle. In this
way the operator could be alerted when the needle reaches a pre-determined amount of wear.

o Pta‘}xs for Next Month

’ }The work on the width of Eltex pulses as a funcnon of number of ply will be resumed in
January

The work on the thread length balance required additional attention in December. As soon as we
~ can procure an appropriate encoder, an attermnpt will be made to build a detector for the
determination of the number of ply based on the thread length balance principle. Addxtxonally,
construcnon of and measurements w111 be made on the skipped lockstitch detector.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
SEWING DEFECTS

I. Project Review for January through March, 1991
I.1 Introduction

This research and development task is directed to providing an automatic, in-process quality
control system for the detection of sewing defects as they occur at the sewing station. Individual
operators bear responsibility under current schemes of management for the detection and correction
of sewing defects. The goal of this project is to assist the operator by giving immediate notice of
the occurrence of a defect.

Rapid detection of a sewing defect is important to optimization of the relationship between quality
and productivity. Defects may be corrected while the garment is in a lower added value state, and
less subject to oversight. Also, in a future which holds operator-less automated sewing stations,
on-line quality control systems are the key to successful replacement of the operator as a quality
observer.

I.2 Project Personnel

Dr. L. Howard Olson is the project's principal investigator. Dr. Mathew E. Sikorski is
responsible for data collection systems, and Dr. J. Lewis Dorrity is responsible for transducer
electronics and data analysis. Bernard Gunn, a graduate student, is doing a M.S. thesis on
acoustic emission analysis in detection of sewing needle condition. Melissa McEachern and Jack
Pitchon are doing undergraduate projects to further the understanding of thread balance and means
of detecting imbalance. This work has the previous work of Danna Kelley as its basis. The
research team management is to allow shared efforts in all areas and communicate at least weekly
on progress and objectives.

1.3 Travel

The sewing defects team members participated in the February 11 & 12, 1991 Apparel Research
Conference at Clemson University. A visit to the Clemson Apparel Research Center by Dr.
Sikorski provided some useful information concerning sewing technology and automatic devices.

In order to avoid sewing defects due to defective needles, it is customary to replace the needles in
the NECCHI Series UAN 2500 automatic sewing station after each eight-hour shift. Moreover, in
order to minimize seam puckering in the shirting fabric used, the needle thread tensions are set at
relatively low values by an experienced operator (no automatic tensioners are available), so that a
certain amount of looping of the needle thread is formed on the underside of the finished product.
The loops are sufficiently small so that they are pressed against the fabric by the bobbin thread,
providing a satisfactory appearance to the stitch line.

Mr. Elroy Pierce, an engineering associate at the Clemson Apparel Research Center demonstrated
the operation of a thread bobbin monitor which stops the sewing machine (Pfaff, model 3557)
when there are about two inches of thread left on the bobbin. The literature on this device was
subsequently requested from the local representative of the Pfaff-Pegasus of USA, Inc.
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II. Research Task Reviews
I1.1 Thread Balance Considerations

Work has started in this quarter on the effect of thread balance as a function of top thread tension
combined with making of recordings of sets of Eltex transducer pulses at different experimental
conditions. For a brief review, the purpose of this effort is to further evaluate the Eltex approach
for its applicability to differentiate between the number of fabric plies sewn in order to avoid the
occurrence of raw edge sewing defects.

To accomplish the above task, two senior students are working together, one sews the fabrics
under nearly exact temperature and humidity conditions, and the other operates the data acquisition
system to obtain sequences of Eltex transducer pulses. Three sets of runs were made for the
needle thread tension values ranging from 200g to 800g in 100g increments. These type of data
were obtained for one and two plies of fabric. Five sets of seven Eltex pulses were obtained for
each tension condition for subsequent analysis.

The complete evaluation of results will be available later upon receipt of student project reports at
the end of the next quarter.

L2 Acoustic Measurement of Needle Wear
Additional information is presently available on the work of Bernard Gunn, an M.S. level graduate
student, on the acoustic measurements of needle wear. The comparison of acoustic energy

generated by the blunted needles as compared with the new, sharp needle indicates a 28.4%
increase for the less blunted needle and 38.1% for the more blunted one.
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The FFT spectra for the three needles are shown in Fig. 1.

Analysis of Needle Wear

Spectra Comparing Bluntad Need! as

0.08 } <==Blunted Needle

0.07

0.06 p=-
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Avplitude, volts
o
[=}
“u
1

0.04 |- <m== Sharp Needle

0.03 -

Q.02 L

0.01

0.06 L

s Sa447 10894 16348 217689 27237
Frequency, Hz
B8iuntad Neadlse Intermndiate Needle New Need|e
Figure 1. Needle Wear Comparison

It is instructive to note that the 4-7 kHz frequency window does not allow the differentiation
‘between the two blunted needles. However, two other frequency bands, one around 10 kHz and
the other centered around 20 kHz do. Narrow frequency band filters around the latter two center
frequencies could possibly be used for the evaluation of the degree of wear of such needles.

Recently, eight "worn", or rejected Schmetz needles were obtained through the courtesy of the
Tennessee Apparel Corporation. These needles were used in high speed (5000 RPM) Duerkopf
211 sewing machines for sewing GORTEX fabrics. A preliminary observation of these needles
indicated that some have blunted tips and others of different design show mechanical damage in the
vicinity of the needle's eye.
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Another rejected needle was obtained through the courtesy of the Southern Tech Apparel Research
Center. Itis a 134 CL SUK Schmetz medium ball sewing needle which was used for sewing
pockets in utility denim trousers on an Adler 804 sewing machine. A brand new needle of the
same type was also kindly provided by Mr. Howard Pettigrew for comparison purposes. A visual
comparison of these two needles indicated a minor roughening of the tip of the used needle, the
primary difference being a very severe wear of the sides of the needle on both sides of the needle
eye. The reason given for the disposal of this needle was thread breaks.

A scanning electron microscopic (SEM) examination of the used needles will be conducted in
March to thoroughly illustrate the type of damage that can occur to sewing needles that render them
unusable. Undoubtedly, very different FFT spectra would be expected for each type of wear
damage.

III. Plans for Next Quarter

The plans for future research are to complete the fabric ply investigation using the Eltex transducer
approach. This will be supplemented by a brief investigation of the extension properties of the
thread yarn used in our sewing investigations. An attempt will be made to relate the thread
extension for the different tensions used in sewing experiments. A Monsanto stress-strain tester
will be used in this work. Additional effort will also be made in the area of the bobbin thread
motion as it relates to the work on the skipped lockstitch detector.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
SEWING DEFECTS
( Implementation Phase: Industrial Application )

L. PROJECT REVIEW FOR NOVEMBER, 1991 THROUGH MARCH, 1992

I.1 Introduction

A short term technical task has been completed which investigated means of detection of
a variety of sewing defects in real time such that an operator or an automated system may
be informed of sewing defects at the time of their occurrence. In-process quality control is
in contrast to after the fact quality control inspection, where defects are discovered and
returned for rework at a later time. Automated assembly operations in apparel
manufacturing require that visual inspection by operators be replaced by automatic defect
detection systems.

The completed work involved showing feasibility of detection means in a laboratory
environment. The end goal of this current work is to have the detection means
implemented in a sewing factory. This is the subject of the current research. Two important
factors weigh in the formula for industrial success. One is economic, in that the apparel
industry is very driven by costs, and the other is physical, in that the device(s) must fit in size
and be reliable in terms of false readings or missed readings.

-The means used for detection of sewing defects includes accelerometer or piezoelectric
devices for measuring what is termed the acoustic emission or signature of a sewing
machine, both before and after the occurrence of a defect. Measurements in the time
domain are transformed to the frequency domain for analysis. The key to industrial
application of the complex analysis methods is that a single type of defect often affects a
single frequency band or a simple multiple of frequency bands. The transform of data from
time to frequency domains can be affected by relatively simple bandpass filters designed for
high Q in the frequency pass band of interest.

Research has determined that frequencies of interest in sewing defect analysis are 50khz or
less. This range is ideally suited for filtering with circuits designed around inexpensive single
chip quad operational amplifiers. This is important because cost is a driving force in having
industrial acceptance of defect detection. The second consideration for industrial
acceptance is having reliability in an industrial environment. To this end, the sensors used
thus far are ones accepted in industrial applications.

Other defect detection systems involve measurement of top thread motion with a
piezoelectric sensor, generating a pulse whose width is related to yarn consumption rate (at
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constant sewing machine RPM). Fiber optics were used to determine whether a thread
passing over the bobbin case can be reliably identified. This has been found to be sensitive
to whose fiber optics and which light frequency is being used. Student special problems,
directed largely by Dr. Sikorski, have investigated thread tension, top thread to bottom
thread tension balance, and needle wear.

The effective transfer of the technology which has been developed requires that the

~ inexpensive filters and other monitoring devices be tried on a plant floor. Successful

automatic defect detection relies upon doing so in the noisy electrical surroundings of a
plant floor.

1.2 Project Personnel

Co-principal investigators in this project are Dr. J. Iewis Dorrity and Dr. L. Howard Olson.
Dr. Dorrity has in his background an electrical engineering degree and a number of years
in industry developing monitoring and control systems. Dr. Olson is a mechanical engineer
with interests in computers and electronics. Dr. Mathew E. Sikorski is a research team
member with background in sensors, measurements, and textile technology. The team is
given additional support by student senior projects which will be six months in duration, and
by master’s level research which normally is twelve months in duration.

Management responsibilities are that Dr. Sikorski has responsibility for the DLA laboratory
activities and the management of student projects; Dr. Dorrity is responsible for technical
aspects of sensors and electronics; and Dr. Olson is responsible for sensor/electronics
packaging and machine interfacing. Drs. Dorrity and Olson share technical responsibility

“for problem solving and determining the path of technical developments. The team

communicates at least weekly on progress and short term objectives.

1.3 Travel

Dr. Olson traveled to Levi’s R & D Center in Richardson, TX to speak with Messrs. Gene
Croyle and Jon O’Neil about re-establishing a link between this program and Levis. The
talk was successful and given very few provisos, clearance has been given through the efforts
of Mr. Croyle to set up test apparatus in Knoxville, TN in a Levi’s facility at that location.
Mr. Croyle will travel from Texas at that time to assist with initial activities in the plant.

Dr. Olson also traveled to Russell Corporation in Alexander City, AL to meet with Mike
Mann, Research Engineer , Merrill Caldwell, Director of Mechanical R & D, and Fletcher
Adamson, Vice President of R & D, to discuss the sewing defect project and to gather data
on an overedge stitch sewing machine. Two days were spent in the High Tech Sewing
Center collecting data. Assistance in plant was given by the plant manager, Mr. Plant, and
the managers of the specialty sewing area within the plant. A sewing mechanic was assigned
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full time to assist in data collection. Both thread consumption and acoustic energy output
were measured and written to disk for analysis back at Georgia Tech in the analysis package
maintained by Dr. Dorrity. Approximately seven megabytes of data are to be analyzed.
This will take several weeks to wade through, but gives the research team the first data on
the overedge stitch. This and the chain stitch, which we may pick up at Levis, will give the
research team access to defect analysis on the majority of common stitches, including
combined stitch types such as the safety stitch.
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IL RESEARCH STATUS

II.1 Current Activity

The president of AMF/Reece, an American sewing machine manufacturer, requested that
the team investigate sewing defect pick up in short run sewing operations. This means
sewing steps in which the machine is operating only for a short while. To the extent that
it can be done through the senior project level and master’s thesis or project level of effort,
it will be done. This is not to detract from the research objective of this project, but rather
to enhance the breadth and appeal of the work that has been done.

AMF /Reece has donated a S3-10 button hole sewing machine for our research purposes.
Michael Allen, a master’s student doing a master’s research project, has responsibility for
setting up the machine, mounting sensors on it, and doing the first collection and analysis
of data from it. First problems are that a sewing table / motor and operator’s manual were
not included with the machine.

Dr. Dorrity will begin analysis of data from the plant trip to Russell Corporation in another
week, but anticipates that it will take four weeks to complete data conversion and
preliminary analysis functions.

Dr. Sikorski has spent some time getting back on board after being away from this project
for about a year.

‘112 Timing

Unfortunately, the notice of initiation of this project was not returned to the contracting
officer at Georgia Tech. The notice was lost in the Ga. Tech system as a result, since the
paper system assumes that contracting officer deals with contracting officer. As a result this
work is approximately three months behind. At an appropriate time, about six months
before project conclusion, a request for no cost extension will be made to cover the time
deficiency. This should not affect any rates charged in this project.

II1. PLANS FOR NEXT QUARTER

Work will progress on three fronts. These are: a.) collection of data at plant sites, -
involving contacting the site, determining machine type to be used, and visiting the site; b.)
continuing to refine methods of detecting sewing defects; and c.) designing filters and digital
circuitry to achieve the goals of this project. Immediate contact plans for the next period
include making initial contact with "The Factory" at DSPC in Philadelphia and with
Tennessee Apparel, a government contractor who expressed interest in cooperating with this
project.
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The breadboard version of the quad operational amplifier high Q filter should be
ready at the next period. The design is drawn with the assistance of one of the references
on active filter design. No problems are anticipated as a result. Testing will include having
a student sweep the filter over a broad spectrum and calculating bandwidth and Q of the
filter. A table of input RC values (there are six) versus center frequency and Q as output
values will be constructed for reference in further design of components of the defect
detection system. ‘
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
" SEWING DEFECTS
( Implementation Phase: Industrial Application )

I. MONTHLY PROJECT REVIEW FOR APRIL, 1992
1.1 Introduction

A short term technical task has been completed which investigated means of detection of
a variety of sewing defects in real time such that an operator or an automated system may
be informed of sewing defects at the time of their occurrence. In-process quality control is
in contrast to after the fact quality control inspection, where defects are discovered and
returned for rework at a later time. Automated assembly operations in apparel
manufacturing require that visual inspection by operators be replaced by automatic defect
detection systems.

The completed work involved showing feasibility of detection means in a laboratory
environment. The end goal of this current work is to have the detection means
implemented in a sewing factory. This is the subject of the current research. Two important
factors weigh in the formula for industrial success. One is economic, in that the apparel
industry is very driven by costs, and the other is physical, in that the device(s) must fit in size
and be reliable in terms of false readings or missed readings.

The means used for detection of sewing defects includes accelerometer or piezoelectric
devices for measuring what is termed the acoustic emission or signature of a sewing
machine, both before and after the occurrence of a defect. Measurements in the time
domain are transformed to the frequency domain fer analysis. The key to industrial
application of the complex analysis methods is that a single type of defect often affects a
single frequency band or a simple multiple of frequency bands. The transform of data from
time to frequency domains can be affected by relatively simple bandpass filters designed for
high Q in the frequency pass band of interest.

Research has determined that frequencies of interest in sewing defect analysis are SO0khz or
less. This range is ideally suited for filtering with circuits designed around inexpensive single
chip quad operational amplifiers. This is important because cost is a driving force in'having
industrial acceptance of defect detection. The second consideration for industrial
acceptance is having reliability in an industrial environment. To this end, the sensors used
thus far are ones accepted in industrial applications.

Other defect detection systems involve measurement of top thread motion with a
piezoelectric sensor, generating a pulse whose width is related to yarn consumption rate (at
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constant sewing machine RPM). Fiber optics were used to determine whether a thread
passing over the bobbin case can be reliably identified. This has been found to be sensitive
to whose fiber optics and which light frequency is being used. Student special problems,
directed largely by Dr. Sikorski, have investigated thread tension, top thread to bottom
thread tension balance, and needle wear.

The effective transfer of the technology which has been developed requires that the
inexpensive filters and other monitoring devices be tried on a plant floor. Successful
automatic defect detection relies upon doing so in the noisy electrical surroundings of a
plant floor.

1.2 Project Personnel

Co-principal investigators in this project are Dr. J. Lewis Dorrity and Dr. L. Howard Olson.
Dr. Dorrity has in his background an electrical engineering degree and a number of years.
in industry developing monitoring and control systems. Dr. Olson is a mechanical engineer
with interests in computers and electronics. Dr. Mathew E. Sikorski is a research team
member with background in sensors, measurernents, and textile technology. The team is
given additional support by student senior projects which will be six months in duration, and
by master’s level research which normally is twelve months in duration.

Management responsibilities are that Dr. Sikorski has responsibility for the DLA laboratory
activities and the management of student projects; Dr. Dorrity is responsible for technical
aspects of sensors and electronics; and Dr. Olson is responsible for sensor/electronics
packaging and machine interfacing. Drs. Dorrity and Olson share technical responsibility
for problem solving and determining the path of technical developments. The team
communicates at least weekly on progress and short term objectives.

1.3 Travel

Drs. Olson and Sikorski attended the research conference at Southern Tech in Marietta,
GA. A poster exhibit was prepared by John Adam’s staff and attended after the meeting
for questions that might arise about the project. '

Dr. Olson also met with Mike Mann of Russell Corporation in Alexander City, AL at

Georgia Tech as part of a National Textile Center meeting. The nature of preliminary
results obtained from the visit to Russell was discussed.
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IL. RESEARCH STATUS

IL.1 Current Activity

AMF /Reece has donated a S3-10 button hole sewing machine for our research purposes.
Michael Allen, a master’s student doing a master’s research project, has responsibility for
setting up the machine, mounting sensors on it, and doing the first collection and analysis
of data from it. First problems are that a sewing table / motor and operator’s manual were
not included with the machine. This was reported last month. This has been handled by
the purchase of a table and motor from Lewis Sales in Chamblee, GA.

Gene Croyle called from Dallas and has volunteered to personally accompany the research
team to the Levis sewing facility in Knoxville to assure proper introduction to the plant
manager and access to necessary assistance internally.

Dr. Dorrity has been able to secure a circuit simulation software package for the lab Mac

- computer. It allows data sampling through a control scheme designed in schematic form on

screen. The Mac processes the signal through whatever filters, timing gates and other
processing circuitry which may be deemed necessary. External signals such as a pulse train
can be generated as well. Right now work is proceeding on the detection of pulse width of
Eltex recorded thread motion. The means used is to have the Eltex pulse gate a fixed 1.0
Mhz pulse train to a counter for the period of one sewing machine cycle and repeat this.
Variability can be analyzed for stitch to stitch changes which are potentially misleading to
a "dumb" machine monitor.

Rather than build a circuit through iterations of design, wire a prototype and then redesign,
the Lab View program allows rapid changed and analysis of response in a short time frame.
Dr. Dorrity anticipates that all circuit design should be handled in this fashion.

With respect to goals of this research, the purpose of the first efforts is to identify variations
that are normal to the process in a real world environment. This is being done now.
Additionally, expansion of previous work to other machine families, i.e. overedge and
buttonhole, is being done.

I1L PLANS FOR NEXT MONTH

First priority for next work is to schedule the trip to Knoxville for the data collection at
Levis. Student special problems are underway and to be completed during the first three
weeks of May. This leaves the last week of May to accomplish this goal. If any conflict
prevents doing this in May, it will be a priority item for the first part of June.

Additionally, a trip to Philadelphia to the DSPC "factory" will be scheduled for June.
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Assistance with scheduling has been offered through the DLA office and will be taken prior
to making arrangements for this trip.

Work with Lab View should allow preliminary design of on-board data collection/analysis
circuit such that results may be presented in the next 30-60 days. This is the logical step
before putting the circuit to test in a working sewing plant.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
| SEWING DEFECTS
( IMPLEMENTATION PHASE: INDUSTRIAL APPLICATION )

I MONTHLY PROJECT REVIEW FOR MAY, 1992
1.1 Introduction

A short term technical task has been completed which investigated means of detection of
a variety of sewing defects in real time such that an operator or an automated system may
be informed of sewing defects at the time of their occurrence. In-process quality control is
in contrast to after the fact quality control inspection, where defects are discovered and
returned for rework at a later time. Automated assembly operations in apparel
manufacturing require that visual inspection by operators be replaced by automatic defect
detection systems.

The completed work involved showing feasibility of detection means in a laboratory
environment. The end goal of this current work is to have the detection means
implemented in a sewing factory. This is the subject of the current research. Two important
factors weigh in the formula for industrial success. One is economic, in that the apparel
industry is very driven by costs, and the other is physical, in that the device(s) must fit in size
and be reliable in terms of false readings or missed readings.

The means used for detection of sewing defects includes accelerometer or piezoelectric
devices for measuring what is termed the acoustic emission or signature of a sewing
machine, both before and after the occurrence of a defect. Measurements in the time
domain are transformed to the frequency domain for analysis. The key to industrial
application of the complex analysis methods is that a single type of defect often affects a
single frequency band or a simple multiple of frequency bands. The transform of data from
time to frequency domains can be affected by relatively simple bandpass filters designed for
high Q in the frequency pass band of interest.

Research has determined that frequencies of interest in sewing defect analysis are S0khz or
less. This range is ideally suited for filtering with circuits designed around inexpensive single
chip quad operational amplifiers. This is important because cost is a driving force in having
industrial acceptance of defect detection. The second consideration for industrial
acceptance is having reliability in an industrial environment. To this end, the sensors used
thus far are ones accepted in industrial applications.

Other defect detection systems involve measurement of top thread motion with a
piezoelectric sensor, generating a pulse whose width is related to yarn consumption rate (at
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constant sewing machine RPM). Fiber optics were used to determine whether a thread
passing over the bobbin case can be reliably identified. This has been found to be sensitive
to whose fiber optics and which light frequency is being used. Student special problems,
directed largely by Dr. Sikorski, have investigated thread tension, top thread to bottom
thread tension balance, and needle wear.

The effective transfer of the technology which has been developed requires that the
inexpensive filters and other monitoring devices be tried on a plant floor. Successful
automatic defect detection relies upon doing so in the noisy electrical surroundings of a
plant floor.

1.2 Project Personnel

Co-principal investigators in this project are Dr. J. Lewis Dorrity and Dr. L. Howard Olson.
Dr. Dorrity has in his background an electrical engineering degree and a number of years
in industry developing monitoring and control systems. Dr. Olson is a mechanical engineer
with interests in computers and electronics. Dr. Mathew E. Sikorski is a research team
member with background in sensors, measurements, and textile technology. The team is
given additional support by student senior projects which will be six months in duration, and
by master’s level research which normally is twelve months in duration.

Management responsibilities are that Dr. Sikorski has responsibility for the DLA laboratory
activities and the management of student projects; Dr. Dorrity is responsible for technical
aspects of sensors and electronics; and Dr. Olson is responsible for sensor/electronics
packaging and machine interfacing. Drs. Dorrity and Olson share technical responsibility
for problem solving and determining the path of technical developments. The team
communicates at least weekly on progress and short term objectives.

1.3 ‘Travel

There was no project related travel during May.
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IL. RESEARCH STATUS
I1.1 Current Monthly Activity

Research efforts with the LabView software package were successful in allowing the
simulation of a circuit and receiving signals that showed coincidence of a timing pulse and
a thread motion pulse. The circuit is the first iteration of the design process and needs
refinement to be cost acceptable.

Additionally, the work with AMF Reece on their sewing machine is currently underway.
This effort will include doing analysis of the signals from their machine and incorporation
of these signals into our overall design plans. For example, the circuit for thread motion
analysis will be adaptable to this machine, as it should be. This effort allow us to
demonstrate versatility in thread motion fault detection.

II1. PLANS FOR NEXT MONTH

A trip to Philadelphia to the DPSC "factory" will be scheduled for June. Assistance with
scheduling has been offered through the DLA office and will be taken prior to making
arrangements for this trip.

Continued work with LabView should allow preliminary design of on-board data

collection/analysis circuit such that results may be presented in the next 30-60 days. This
is the logical step before putting the circuit to test in a working sewing plant.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
SEWING DEFECTS
( IMPLEMENTATION PHASE: INDUSTRIAL APPLICATION )

L ' MONTHLY PROJECT REVIEW FOR JUNE, 1992

I.1 Introduction

A short term technical task has been completed which investigated means of detection of
a variety of sewing defects in real time such that an operator or an automated system may
be informed of sewing defects at the time of their occurrence. In-process quality control is
in contrast to after the fact quality control inspection, where defects are discovered and
returned for rework at a later time. Automated assembly operations in apparel
manufacturing require that visual inspection by operators be replaced by automatic defect .
detection systems.

The completed work involved showing feasibility of detection means in a laboratory
environment. The end goal of this current work is to have the detection means
implemented in a sewing factory. This is the subject of the current research. Two important
factors weigh in the formula for industrial success. One is economic, in that the apparel
industry is very driven by costs, and the other is physical, in that the device(s) must fit in size
and be reliable in terms of false readings or missed readings.

The means used for detection of sewing defects includes accelerometer or piezoelectric
devices for measuring what is termed the acoustic emission or signature of a sewing
machine, both before and after the occurrence of a defect. Measurements in the time
domain are transformed to the frequency domain for analysis. The key to industrial
application of the complex analysis methods is that a single type of defect often affects a
single frequency band or a simple multiple of frequency bands. The transform of data from
time to frequency domains can be affected by relatively simple bandpass filters designed for
high Q in the frequency pass band of interest.

Research has determined that frequencies of interest in sewing defect analysis are S0khz or
less. This range is ideally suited for filtering with circuits designed around inexpensive single
chip quad operational amplifiers. This is important because cost is a driving force in having
industrial acceptance of defect detection. The second consideration for industrial
acceptance is having reliability in an industrial environment. To this end, the sensors used
thus far are ones accepted in industrial applications.

Other defect detection systems involve measurement of top thread motion with a
piezoelectric sensor, generating a pulse whose width is related to yarn consumption rate (at
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constant sewing machine RPM). Fiber optics were used to determine whether a thread
passing over the bobbin case can be reliably identified. This has been found to be sensitive
to whose fiber optics and which light frequency is being used. Student special problems,
directed largely by Dr. Sikorski, have investigated thread tension, top thread to bottom
thread tension balance, and needle wear.

The effective transfer of the technology which has been developed requires that the
inexpensive filters and other monitoring devices be tried on a plant floor. Successful
automatic defect detection relies upon doing so in the noisy electrical surroundings of a
plant floor.

1.2 Project Personnel

Co-principal investigators in this project are Dr. J. Lewis Dorrity and Dr. L. Howard Olson.
Dr. Dorrity has in his background an electrical engineering degree and a number of years
in industry developing monitoring and control systems. Dr. Olson is a mechanical engineer
with interests in computers and electronics. Dr. Mathew E. Sikorski is a research team
member with background in sensors, measurements, and textile technology. The team is
given additional support by student senior projects which will be six months in duration, and
by master’s level research which normally is twelve months in duration. Current student
project assistance is being given by Michael Talbot, analyzing data collected at Russell Corp.
on an overedge machine, Jennifer Taylor, analyzing frequency spectra, and a senior student
Lydia Henderson, working on needle thread pick-up via optical means. Michael Allen will
undertake a project dealing with fault detection on an AMF Reece buttonhole machine.

Management responsibilities are as follows: Dr. Sikorski is responsible for the DLA
laboratory activities and the management of student projects; Dr. Dorrity is responsible for
the technical aspects of sensors and electronics; and Dr. Olson is responsible for the
sensors/electronics packaging and machine interfacing. Drs. Dorrity and Olson share
technical responsibility for problem solving and determining the path of technical
developments. The team communicates at least weekly on progress and short term
objectives.

1.3 Travel
There was no project related travel during June, but the travel to Levi’s in Knoxville is very
important and must be scheduled in very short order. This travel will be undertaken by Dr.

Olson, who will be on vacation the first week of July. He will be available to complete this
travel in the following three weeks.
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IL RESEARCH STATUS

II.1 Current Monthly Activity

An optical approach to detecting failure of the needle thread was completed in a senior
project. The results of this work showed that there was insufficient reliability to make a
sensor thrust in this direction using our current techniques. In discussing this with Mike
Mann at Russell Corporation, he offered advice relative to their experience with optical
sensors. This approach still has the time and merit to be pursued.

A Scientific Atlanta spectrum analyzer has been brought up on new software to assist us in
our measurement efforts. It provides real time spectra in a cascade waterfall type of display,
which is very helpful in finding why a sensed error was missed or falsely recorded. The
variability in stitch length and tension from stitch to stitch that is inherent to the sewing
process certainly requires close attention to the statistical range of the measurement to avoid
false indications. This apparatus was being used with acoustical signals during a series of
dull needle tests. The results were positive and in agreement with our past experience.

IIL .PLANS FOR NEXT MONTH

The project team has as a goal to have a prototype design for a thread motion sensor on
breadboard layout for testing this month. The design and breadboarding for an acoustical
sensor is planned for this month as well.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
- SEWING DEFECTS
( IMPLEMENTATION PHASE: INDUSTRIAL APPLICATION )

I. MONTHLY PROJECT REVIEW FOR JULY, 1992

1.1 Introduction

A short term technical task has been completed which investigated means of detection of
a variety of sewing defects in real time such that an operator or an automated system may
be informed of sewing defects at the time of their occurrence. In-process quality control is
in contrast to after the fact quality control inspection, where defects are discovered and
returned for rework at a later time. Automated assembly operations in apparel
manufacturing require that visual inspection by operators be replaced by automatic defect
detection systems.

The completed work involved showing feasibility of detection means in a laboratory
environment. The end goal of this current work is to have the detection means

implemented in a sewing factory. This is the subject of the current research. Two important

factors weigh in the formula for industrial success. One is economic, in that the apparel

industry is very driven by costs, and the other is physical, in that the device(s) must fit in size

and be reliable in terms of false readings or missed readings.

The means used for detection of sewing defects includes accelerometer or piezoelectric
devices for measuring what is termed the acoustic emission or signature of a sewing
machine, both before and after the occurrence of a defect. Measurements in the time
domain are transformed to the frequency domain for analysis. The key to industrial
application of the complex analysis methods is that a single type of defect often affects a
single frequency band or a simple multiple of frequency bands. The transform of data from
time to frequency domains can be affected by relatively simple bandpass filters designed for
high Q in the frequency pass band of interest.

" Research has determined that frequencies of interest in sewing defect analysis are SOkhz or

less. This range is ideally suited for filtering with circuits designed around inexpensive single
chip quad operational amplifiers. This is important because cost is a driving force in having
industrial acceptance of defect detection. The second consideration for industrial
acceptance is having reliability in an industrial environment. To this end, the sensors used
thus far are ones accepted in industrial applications.

Other defect detection systems involve measurement of top thread motion with a
piezoelectric sensor, generating a pulse whose width is related to yarn consumption rate (at
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constant sewing machine RPM). Fiber optics were used to determine whether a thread
passing over the bobbin case can be reliably identified. This has been found to be sensitive
to whose fiber optics and which light frequency is being used. Student special problems,
directed largely by Dr. Sikorski, have investigated thread tension, top thread to bottom
thread tension balance, and needle wear.

The effective transfer of the technology which has been developed requires that the
inexpensive filters and other monitoring devices be tried on a plant floor. Successful
automatic defect detection relies upon doing so in the noisy electrical surroundings of a
plant floor.

1.2 Project Personnel

Co-principal investigators in this project are Dr. J. Lewis Dorrity and Dr. L. Howard Olson.
Dr. Dorrity has in his background an electrical engineering degree and a number of years
in industry developing monitoring and control systems. Dr. Olson is a mechanical engineer
with interests in computers and electronics. Dr. Mathew E. Sikorski is a research team
member with background in sensors, measurements, and textile technology. The team is
given additional support by student senior projects which will be six months in duration, and
by master’s level research which normally is twelve months in duration.

Management responsibilities are that Dr. Sikorski has responsibility for the DLA laboratory
activities and the management of student projects; Dr. Dorrity is responsible for technical
aspects of sensors and electronics; and Dr. Olson is responsible for sensor/electronics
packaging and machine interfacing. Drs. Dorrity and Olson share technical responsibility
for problem solving and determining the path .of technical developments. The team
communicates at least weekly on progress and short term objectives.

1.3 Travel

There was no travel in July. The importance of establishing contact at DPSC for
demonstration in the "factory” has travel to Philadelphia high on the priority list, and travel
to Knoxville to Levi’s plant there should be scheduled as soon as possible. The delay has
been caused by a self-imposed requirement that first the data collection / analysis
demonstrate success with equipment and procedures used on the Russell Corp. trip. Finally,
the programming being completed this month to correct errors, data is now being analyzed
from Russell and is being done so successfully. The same data collection and analysis
techniques will be used on the trips to Philadelphia and Knoxville as has been proven in the
trip to Russell.
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IL RESEARCH STATUS

IL.1 Current Monthly Activity

A detector is being developed and assembled for detection of needle thread passage over
the bobbin case. The approach being taken is via a small IR sender-receiver pair. This
offers an inexpensive way to detect a sewing thread problem in a lockstitch machine. The
variation in apparent thread diameter, as seen by the IR pickup leaves some question as to
whether this should be pursued. Dr. Sikorski is to spend four days determining whether a
successful unit can be designed for demonstration purposes or not. If not we will proceed
with work on the Eltex unit as a primary thread defect sensor. The main purpose in
pursuing the IR approach is to find the least cost approach.

A Reece S-3 buttonhole machine is in place. Graduate student Michael Allen will work on
needle wear detection in this short run time process. His thrust is to use acoustic energy
sensing and to determine that on short cycles there is a way to identify the acoustic signature
of a defect. The entire buttonhole cycle is not two seconds in duration. This presents the
unique problem of sensing after a delay for start-up and before the terminating bar tacks
are placed in the fabric. The cutting knife adds to acoustic energy that is not of interest,
i.e. noise.

A literature search was performed by Michael johnson, a senior, looking for any technology

useful to this work. He also performed experiments on thread size versus detector
reliability. -

II1. PLANS FOR NEXT MONTH

Beyond travel plans mentioned, Dr. Sikorski is to make final assessment of IR sensing of
sewing thread motion over the bobbin case. There are clearly problems with this approach
and therefore a decision is to be made whether this will be continued. Work on the Reece
S-3 buttonhole machine will proceed at full pace to determine whether needle wear can be
effectively measured.

To resolve problems which have persisted over two years, a design and fabrication task is
to be undertaken next month which will provide a "clean" timing signal for each cycle of a
machine. Whether using Hall effect or IR detector, the design will be aimed to low cost
and reliability.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
SEWING DEFECTS
( IMPLEMENTATION PHASE: INDUSTRIAL APPLICATION )

I. MONTHLY PROJECT REVIEW FOR AUGUST, 1992

1.1 Introduction

A short term technical task has been completed which investigated means of detection of
a variety of sewing defects in real time such that an operator or an automated system may
be informed of sewing defects at the time of their occurrence. In-process quality control is
in contrast to after the fact quality control inspection, where defects are discovered and
returned for rework at a later time. Automated assembly operations in apparel
manufacturing require that visual inspection by operators be replaced by automatic defect
detection systems.

The completed work involved showing feasibility of detection means in a laboratory
environment. The end goal of this current work is to have the detection means
implemented in a sewing factory. This is the subject of the current research. Two important
factors weigh in the formula for industrial success. One is economic, in that the apparel
industry is very driven by costs, and the other is physical, in that the device(s) must fit in size
and be reliable in terms of false readings or missed readings.

The means used for detection of sewing defects includes accelerometer or piezoelectric
devices for measuring what is termed the acoustic emission or signature of a sewing
machine, both before and after the occurrence of a defect. Measurements in the time
domain are ‘transformed to the frequency domain for analysis. The key to industrial
application of the complex analysis methods is that a single type of defect often affects a
single frequency band or a simple multiple of frequency bands. The transform of data from
time to frequency domains can be affected by relatively simple bandpass filters designed for
high Q in the frequency pass band of interest.

Research has determined that frequencies of interest in sewing defect analysis are S0khz or
less. This range is ideally suited for filtering with circuits designed around inexpensive single
chip quad operational amplifiers. This is important because cost is a driving force in having
industrial acceptance of defect detection. The second consideration for industrial
acceptance is having reliability in an industrial environment. To this end, the sensors used
thus far are ones accepted in industrial applications.

Other defect detection systems involve measurement of top thread motion with a
piezoelectric sensor, generating a pulse whose width is related to yarn consumption rate (at
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constant sewing machine RPM). Fiber optics were used to determine whether a thread
passing over the bobbin case can be reliably identified. This has been found to be sensitive
to whose fiber optics and which light frequency is being used. Student special problems,
directed largely by Dr. Sikorski, have mvesngated thread tension, top thread to bottom
thread tension balance, and needle wear.

The effective transfer of the technology which has been developed requires that the
inexpensive filters and other monitoring devices be tried on a plant floor. Successful
automatic defect detection relies upon doing so in the noisy electrical surroundings of a
plant floor.

1.2 Project Personnel

Co-principal investigators in this project are Dr. J. Lewis Dorrity and Dr. L. Howard Olson.
Dr. Dorrity has in his background an electrical engineering degree and a number of years
in industry developing monitoring and control systems. Dr. Olson is a mechanical engineer
with interests in computers and electronics. Dr. Mathew E. Sikorski is a research team
member with background in sensors, measurements, and textile technology. The team is
given additional support by student senior projects which will be six months in duration, and
by master’s level research which normally is twelve months in duration.

Management responsibilities are that Dr. Sikorski has responsibility for the DLA laboratory
activities and the management of student projects; Dr. Dorrity is responsible for technical
aspects of sensors and electronics; and Dr. Olson is responsible for sensor/electronics
packaging and machine interfacing. Drs. Dorrity and Olson share technical responsibility
for problem solving and determining the path of technical developments. The team
communicates at least weekly on progress and short term objectives.

1.3 ‘ Travel

A trip was taken by Dr. Olson to J. P. King Div. of Spartan Mills in Augusta, GA to discuss

- with them the nature of the sewing defect work in this project. The interest at J. P. King

has to do with flat sewing of fairly long and regular seams in items such as hospital blankets.
The discussion with Frank Rachels and Vernon Washington centered on what just in time
programs meant to a mill and how defects alter the ability to meet JIT objectives.
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IL " RESEARCH STATUS

IL.1 Current Monthly Activity

The monthly activity seemed to center around. resolving a problem with an extra pulse
coming from an infrared emitter-detector pair being used on the Juki sewing machine to
provide a timing pulse. In fact one activity was indeed finalizing a circuit design for use with
the Eltex thread motion sensor. To do this a timing pulse from the sewing machine was
needed to give us a begin of sample signal. Previously, the signal from the electronics of
the Juki machine was used, but this turned out to be a mixture of pulses that were not
consistent in number from cycle to cycle. The previous use was to trigger a data storage
oscilloscope whose sampling period exceeded a machine cycle. Therefore, multiple pulses
were never a problem to the work being done.

A circuit was developed to take multiple, but cleaner, pulses from the infrared emitter-
detector pair and provide a single pulse per cycle. The heart of the circuit was a Schmitt
trigger input to a monostable, fixed period output TTL chip, namely a 74221. There have
been successful collections of the data we need.

The data was collected by use of a simulation program for the Mac called LabView. The
following will aid in understanding what this program does. In words it allows the
simulation of a circuit by means of standard blocks, such as an oscillator output, or a
frequency counter.

Figures 1. and 2. are of typical outputs. One reflects sewing with slowly decreasing tension,
and the other reflects a sharp change in stitch length from 2mm per stitch to 3mm per stitch.

The images seen in Figures 1 and 2 are those seen on the Labview monitor. It had a "green
light" for intolerance sewing and "red light" for stitch length being out of bounds in either
a positive or negative direction. Among the defects which this circuit detects are a top
needle thread break, a bottom thread break (noted as a sudden decrease in yarn
consumption because top yarn is not being help within the fabric, stitch length change to an
unacceptable value and loss of thread tension control.

Large amplitude spikes occur at the end of each seam when the sewing machine is stopped,
the threads clipped, and the fabric repositioned for sewing again. These occur in a semi-
regular fashion. Notable as well are random irregularities. These are of two types. The
lower pulses may very well be the result of some double pulses coming through, making for
an incorrect average stitch length. The stitch length is some value for say twenty stitches,
but the counter says that there have been thirty stitches. This is not troublesome, since
having a clean single pulse is only elusive and not unobtainable.

The upward reaching variations say that more thread length is being measured for a fixed
number of pulses and this is not easy to explain. The Eltex may be latching on for more
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than the -normal time period, but this would be quite unusual, based on our previous
experience.
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Figure 1. Tension Decrease Causing Stitch Length Increase
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Figure 2. Stitch Length Change Demonstrated (2 mm - 3 mm)
Figure 2. had a drop in the number of samples per data point from sixty to thirty. The

average value being plotted did not vary. The variability of data points is typical of what
we have found during all of our work with the sewing process.
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Figure 3. following illustrates the circuit composition used for this data collection test. The
concept of simulatinig a circuit design and testing it as part of the design process is very
exciting to the team, since a great deal of time is saved overall.
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Figure 3. Block Diagram of Stitch Length Evaluation Circuit
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Complementing. this- effort is one in which an expensive acoustic. monitor. is being
considered. The thinking on this is to adapt an electret microphone to data sampling for
needle wear or broken needle occurrence. Thus, the overall defect detection system would
have at least two basic sensors and processing, to handle these inputs.

II1. PLANS FOR NEXT MONTH

| Work on the Reece S-3 buttonhole machine will proceed, having completed initial efforts

to get this machine up and running. The work is to determine whether needle wear can be
effectively measured.
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IN-PROCESS QUALITY CONTROL IN APPAREL PRODUCTION:
SEWING DEFECTS

L0  Project Review . . . March 1989 to July 1990

1.1 Introduction

This research and development task has the goal of providing an automatic, in-process
quality control system for the detection of sewing defects as they occur. Phase I. of research
efforts has as its objective the identification of common types of sewing defects. Phase II.
has the objective of identifying means of detection of faults. Phase III. has the
implementation of the detection means.

Rapid detection of a sewing defect is important to optimization of the relationship between
quality and productivity. Defects found after sewing adversely affect costs. There is distinct
advantage to identifying a defect before other operations hinder seam removal and resewing.
Also, the automated assembly operations of the future require on-line quality control if the
automation is to succeed. This observation is based upon the current system in which the
operator serves as the first line of quality control implementation. Automated sewing
stations have no operator to serve in the first line quality control position, leaving quality
checks to later stages after value adding operations are performed on substandard goods.
The stress on statistical process control is dependent on automated quality determination in
the automated sewing environment.

The research began on March 9, 1989 and is completing its sixteenth month of activities.
The final goal of this research will be demonstration of fault detection in the Marietta
apparel center. Additionally, long range goals of the work include development of a low
cost controller for industrial machine application.

This report follows a series of monthly reports to the DLA which have detailed activities.
Also, at the end of seven months a report was prepared as part of the annual reporting of
other research groups and a presentation was prepared for the Philadelphia conference.

- Therefore, only summary information will be included in this report.

L2 Project Personnel

Dr. L. Howard Olson is the project’s principal investigator. Dr. Mathew E. Sikorski is
responsible for data collection systems, and Dr. J. Lewis Dorrity is responsible for transducer
electronics and data analysis. The research team management is to allow shared efforts in
all areas and communicate at least weekly on progress and objectives. It is normal for the
group to meet daily to discuss results, current needs, and to plan for short and long term
objectives. :




A student has been added to the group for the multiple benefits to both the research and to
the student that can be gained. A graduate student is working fifteen hours per week.
Senior level problems are being accepted for three month (quarterly) terms as well.

I.0  Research Review

II.1  Phase I Review

Phase I. research has specific goals of identifying common types of sewing defects. A
literature search and manufacturing plant visitation provide identification of sewing defects.
For example, time was taken to examine six cases of returned goods for defects caused by
sewing to see what caused returned goods.

The literature as a resource gives exhaustive lists of defects for consideration. In-plant
discussion points to those defects which are of most concern on a short term basis. The
most important defect to a manufacturing manager is the problem that is occurring that day.

After filtering a large number of terms, such as the lists obtained by Dr. Wayne Tincher
through his work on the AAMA-ARC research committee, the sewing defects occurring at
the sewing station are largely grouped by cause of defect. These groupings are:

- A.) Thread absent (top or bottom)
B.) Thread tension off (top or bottom) (stitch formation)
C.) Thread take-up (velocity) off (top or bottom)
D.) Number of plies of fabric changes (frequent problem)
E.) Rate of feed of fabric changes (stitch density)
F.) Direction of sewing in error
G.) Wrong thread/fabric/stitch type (miscellaneous)
H.) Needle damage

These and combinations of these result in many terms of description of specific faults.
Three plant managers have reviewed this list without suggestion for further addition. Note
that these -apply firstly to lockstitch, the largest category of stitch type, and secondly to other
classes such as chainstitch to a varying degree. Other stitch types may have unique

* problems, e.g., a four needle stitch.

II.2  Phase Il Review

Phase II. research has the goal of identifying technologies for sensing the defects as they
occur. This fits into the long term goal of detecting the more common defects and doing so
in a cost effective manner. Acceptance of a detection system in the final system analysis
relies heavily upon cost of the system. This means that some optimization must occur
between the three interacting considerations within the research: sewing defects, sensing
method(s), and system cost. That is not to say that Phase II neglected a technology because
of cost either.




Note that regular maintenance and good management procedures are probably the first
choice among defenses for defects G.) (miscellaneous) and H.) Bad needle. Defect F.) is
infrequent and in an automated process handled by the robotics.

Sewing machine manufacturers are a resource of information on commercially available add-
on detectors. Sensor manufacturers are the source of specifications and some history of
applications. Acoustic emission ( AE ) has been the first line of approach in this research.
There is a strong history of success with AE in many industries. A variety of transducers
are available. The transducers currently in use in this research are: (1) Physical Acoustics
piezoelectric unit, model S9223; (2) Realistic electret microphone, model 33-1052 and (3)
Spectral Dynamics M99 accelerometer. The accelerometer is attached to the base of the
sewing machine by a magnetic coupling and by bolt down.

There has been delay in acquiring a thread line sensor which also fits the AE line with a
piezo device. This is from Eltex. Other devices with potential application, such as IR or
laser scan of the fabric, are awaiting a "need to have" based upon AE results. This is
probably the answer to defect E.) Rate of fabric feed, although some AE results show that
an average emission reflects somewhat on stitch density.

Defects A.) through D.) are being investigated currently by means of AE analysis. The
steps involved include taking numerous data points and applying a Fast Fourier Transform.
to the data to have a spectrum of amplitude versus frequency. Both raw data, which has the
appearance of an amplitude modulated wave, and the spectrum yield information about what
is occurring in the sewing area. Dr. Sikorski noted that he could hear a sound change when
the thread broke. Indeed, the average power in the emissions decreases when the thread
breaks. :

The status of AE investigation is that thread breaks are positively identified. This is defect
A\) that is covered. Then over the past two months work on number of plies, defect D.),
showed promise. The status of this effort is that one ply versus two or three plies can be
detected by monitoring 8750 kHz. A filter circuit with a Q factor of 100 may be sufficient to
detect ply faults. Op amp active filtering can achieve the Q so long as parts tolerance in
held at a high level or compensation is used at the time of circuit design.

Defect B.) is thread tension. This affects in a lockstitch whether the junction of top and
bottom threads are pulled securely into the middle of the fabric ply structure. Too much
top tension causes the bobbin thread to be pulled completely to the upper surface of the
fabric. This is a visual defect as well as one which reduces seam abrasion resistance. The
FFT of a series of stitches changes visibly when the tension is off to the top or bottom. The
frequencies and bands which optimally sense this effect have not been resolved yet.
Nevertheless, this approach offers sufficient promise to merit continued effort.

The research team is analyzing several million data points, and has excellent tools with
which to do the analysis. Yet it takes time to find an effect then replicate the effect under
varying conditions to yield confidence in the finding. That is the status of this work at this
moment.

The last defect under consideration is thread take-up velocity. The take-up velocity is
affected by thread tension and number of plies, notably whether or not the same length of



thread is consumed at each stitch, and by the stitches per inch. Therefore, this defect can
result from one or more basic defects, i.e. defects B.), D.) and E.). Thread velocity in
sewing has the chance of being detected by the Eltex piezoelectric sensor, and because it has
been in other textile applications, the device is seen as an important tool to this research.
Eltex is working to resolve some problems they have found in the apparel application of the
device. Discussion is underway to bypass this delay and allow the Ga. Tech group to work
independently on this device in its current state. The offer has been made to share results
with Eltex in exchange for prerelease of the device.

It appears that Phase II has included efforts stated to be part of Phase III, but determination
of effective sensing technology bears confirmation by assembling a system and testing that
system. One technology that appears simple would be the reflection of an infra-red or laser
source on the surface of the fabric and be counting peaks determining fabric speed. This
must be taken relative to machine speed. A reasonable amount of circuitry would be
needed to obtain the stitches per inch, but this is possible. Therefore, parts have been
assembled to begin this approach in Phase IIIL.

Also, motor current peak detection may tell something about needle penetration resistance,
and therefore needle condition, which is defect F.). Data collected thus far indicates that as
the needle strikes, the impact may be in an interstitial space or on a yarn. The sound
energy envelope varies with time in a fashion that indicates this is happening. This affects
motor current and acoustic emission. This work will have to adapt statistical means to
confirm what is being measured as that which is sought.

This variability at each needle penetration also affects how easily or simply a circuit can be
designed to do the measurement. Motor peak current detection to sense events in textile
machinery has a long history and should be a reasonable approach.

IIl.  Plans for Phase IIT

Planning within the research group currently has introduction of the Eltex piezoelectric
thread line sensor and motor current detection as immediate action items. The work on one
versus multiple ply detection is being completed as successful. In intermediate or near
completed stages are the work on thread tension and thread break. Approximately ninety
days are available for introduction to completion of any new item of investigation.

The demonstration at the Apparel Center in Marietta, GA will be planned and carried out
in the following period. Also, designs for the circuits to implement fault detection are to be
generated and if possible built in prototype form. The final report is to be written such that
- independent firms or individuals may duplicate what was done in this project.
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In-Process Quality Control In Apparel Production:
Sewing Defects

1.0 Project Review...Research Results
1.1 Introduction

This research and development task has the goal of providing an
automatic, in-process quality control system for the detection of
sewing defects as they occur. Phase I. of research efforts has as
its objective the identification of common types of sewing defects.
Phase II. has the objective of identifying means of detection of
faults. Phase III. has as its objective the implementation of the
detection means in one or more industrial sites. This report covers
the work done under Phases I and II. A proposal is currently under
consideration to implement the results of this work in an industrial
environment. Implementation is to occur at sites currently
contracting to the government or able to do so. Those sites to be
included in the proposed work include Levi Strauss, Tennessee Apparel
and the Factory at DPSC in Philadelphia.

Rapid detection of a sewing defect is important to optimization
of the relationship between quality and preoductivity. Defects found
after sewing adversely affect costs. There is distinct advantage to
identifying a defect before other operations hinder seam removal and
resewing. Also, the automated assembly operations, which are being
developed and used in part now and that of the future, require on-
line quality control if the automation is to succeed. This
observation is based upon the current system in which the operator
serves as the first line of quality control implementation.
Automated sewing stations have no operator to serve in the first line
quality control position, leaving quality checks to later stages,
after value adding operations are performed on substandard goods.
The stress on statistical process control is dependent on automated
quality determination in the automated sewing environment.

The research began on March 9, 1989 and has completed its Phase
IT activities. Additional work was performed in a no cost extension
involving graduate thesis research and student special problems.
This report follows a series of monthly reports to the DLA which have
detailed regular activities. At the end of seven months a report was
prepared as part of the annual reporting of other research groups and
a presentation was prepared for the Philadelphia conference. Also, a
formal report was prepared in July of 1990, and on two occasions at
Cameron Station and once at Clemson University, presentations were
made on research accomplishments.

A no cost time externsion to the research period has allowed for
completion of student projects. Specifically, since funding elapsed,
an acoustic approach to identifying needle wear / damage has been
found, work on top thread breaks has proceeded with positive results,
and an analysis of reliability of acoustic information on thread
length consumption has been completed. The latter is important if
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thread length is to be measured to determine number of ply of fabric.
The technical manager of sewing for Levi's stated recently that his
first priority was detection of a broken top thread. The research
has shown that at least two techniques reliably identify this
condition. Additional work is underway to see if infra-red detectors
can be used as well, looking at the top thread as it passes over the
bobbin case in a lockstitch machine.

1.2 Project Personnel

Dr. L. Howard Olson is the project's principal investigator.
Dr. Mathew E. Sikorski is responsible for data collection systems,
and Dr. J. Lewis Dorrity is responsible for transducer electronics
and data analysis. Dr. Sikorski is on leave of absence at this time
awaiting funding of the third phase of this project. The research
team management has been to allow shared efforts in all areas and
communicate at least weekly on progress and objectives. It has been
normal practice for the group to meet daily to discuss results,
current needs, and to plan for short and long term objectives.

One M.S. level thesis has resulted from this project. Some
eight senior level independent projects have been completed as well.
There is a direct benefit to the student and eventually the industry
gained through these student efforts.

2.0 Research Review
2.1 Phase II Review

Phase II. research has had the goal of identifying technologies
for sensing sewing defects as they occur. This fits into the long
term goal of detecting the more commcn defects and doing so in a cost
effective manner. Acceptance of a detection system in the final
system analysis relies heavily upon cost of the system. This means
that some optimization must occur between the three interacting
considerations within the research: sewing defects, sensing
method(s), and system cost. That is not to say that Phase II
neglected a technology because of cost either.

Sewing machine manufacturers have been one resource of
information on commercially available add-on detectors. Sensor
manufacturers are the source of specifications and some history of
applications. Acoustic emission ( AE ) or more appropriately,
acoustic energy analysis has been the first line of approach in this
research. There is a strong history of success with acoustic energy
analysis in many industries. The term acoustic emission has been
applied in airframe and similar industries to the analysis of
acoustic energy emitted at a microscopic level by metal grain
boundary shear and cracks. This work looks at acoustic energy due to
sewing machine vibrations through an approach similar to signature
analysis.



3

Therefore, this work is more appropriately referred to as
acoustic energy analysis. The key element of the analysis is the
detector of the energy. This is a transducer of the type used in
acoustic emission work. A variety of transducers are available. The
transducers currently in use in this research are: (1) Physical
Acoustics piezoelectric unit, model $9223; (2) Realistic electret
microphone, model 33-1052; Eltex single end yarn motion detector; and
(3) Spectral Dynamics M99 accelerometer. The accelerometer is
attached to the base of the sewing machine by a magnetic coupling and
by bolt down.

Defects such as thread line presence and number of fabric ply
have been investigated by means of acoustic analysis. The steps
involved include taking numerous data points and applying a Fast
Fourier Transform to the data to acquire a spectrum of amplitude
versus frequency. Because of phase differences in energy emitted at
each cycle of the sewing machine, time domain data cannot be
averaged. On the other hand, data transformed to the frequency
domain can indeed be averaged over multiple cycles, smoothed, and
thereby analyzed for differences in spectra when defects are
introduced.

Both raw data, which has the appearance of an amplitude
modulated wave, and the spectrum yield information about what is
occurring in the sewing area. Dr. Sikorski noted that he could hear
a sound change when the thread broke. Indeed, the average power in
the emissions decreases when the thread breaks. This is indeed
significant when considering the simplicity and therefore cost of
detection means. Direct analog filtering and voltage comparison is
inexpensive to accomplish. On sewing machines with built in
microprocessors, more sophisticated analysis may occur.

The status of acoustic energy analysis applied to sewing is that
thread breaks are positively identified. Integration over the
spectra or filtering and summing two or three frequencies can
accomplish this. Then over the past several months work on detecting
number of plies via thread length consumption measurement (sensed by
piezoelectric pick-up of acoustic energy) showed promise of solution.
The status of this effort is that one ply versus two or three plies
can be detected by monitoring a band of energy centered around 8.750
kHz. A filter circuit with a Q factor of 100 may be sufficient to
detect ply faults. Op amp (operational amplifier) active filtering
can achieve the Q so long as parts tolerance in held at a high level
or compensation is used at the time of circuit design.

Thread tension produces a defect when top to bottom thread
tensions become severely imbalanced. This affects lockstitch
formation, determining whether the junction of top and bottom threads
is adequately hidden from the surface of the fabric ply structure.
Too much top tension causes the bobbin thread to be pulled completely
to the upper surface of the fabric. This is a visual defect as well
as one which reduces seam abrasion resistance. The FFT of a series
of stitches changes visibly when the tension is off to the top or
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bottom. Acoustic measurement offers sufficient promise to merit its
use in this application.

The research team has analyzed several million data points, and
has excellent tools with which to do the analysis. Yet it takes time
to find an acoustic effect caused by a defect then replicate that
effect under varying conditions to yield confidence in the finding.
That has been one of the factors studied recently.

The last defect under consideration has been variations in
thread take-up consumption. Variation in thread consumption is an
indicator of defects of various types. The take-up consumption is
affected by thread tension and number of plies, notably whether or
not the same length of thread is consumed at each stitch, and by the
stitches per inch. Therefore, a consumption variation can result
from one or more basic defects. Thread consumption in sewing has the
chance of being detected by the Eltex piezoelectric sensor, and
because it has been used successfully in other textile applications,
the device is seen as a reliable, acceptable tool for apparel
application. Eltex is working to resolve some problems they have
found in the application of the device to sewing. Results of work
done at Georgia Tech will be reported to Eltex.

Determination of effective sensing technology bears confirmation
by assembling a system and testing that system. One technology that
appears simple would be the reflection of an infra-red or laser
source on the surface of the fabric and by counting peaks determining
fabric speed. This must be taken relative to machine speed. A
reasonable amount of circuitry would be needed to obtain the stitches
per inch, but this is possible. Therefore, parts have been assembled
to begin this approach in Phase III.

Variability at each needle penetration of the fabric affects how
easily or simply a circuit can be designed to do a measurement. One
study showed that some measurement techniques cannot find a single
stitch fault. Fortunately, single stitch faults are not
consequential to many seams in apparel manufacturing. For example,
seam "blow out" in washing of Navy utility trousers at the felled
seam occurs only when ten or so stitches are misformed. This fault
is detectable overall. Whereas the first misformed stitch produces a
signal which falls at the extreme of an allowable error zone, ten
such stitches produce an average which falls over a warning limit.

2.2 Current Results

Research done under a no cost extension to the project allowed
for completion and reporting on student special projects and a
graduate thesis. The graduate thesis by Bernard Gunn was on the
detection of needle wear by means of detecting amplitude changes in a
acoustic spectrum. He blunted needles intentionally, and used
needles from industrial sources to collect information on their
spectra versus degree of wear as determined by measuring the radius
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of curvature of the needle tip. The factory at DPSC was quite
helpful in producing needles with wear of four, eight and twelve
hours. Results of measurement of tip curvature is given in figure 1.
following.
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Figure 1. Tip Curvature, DPSC Samples

The needles from DPSC allowed data to be collected via acoustic
energy analysis that showed a c¢lear relation of energy to wear in one
passband. A bandpass filter centered at 10500 Hz, Q of about 100,
would see 0.5v output for a new needle, 0.7v after four hours and
0.9v after eight hours of use, based upon the transducer and
amplifier used in the student's tests. The relation was almost
linear. Most sewing operations change the needle every eight hours.
This time period is equivalent to about one million cycles of the
needle. '

Needles are surface hardened to withstand the abrasion of
sewing. A result of interest was obtained from taking photographs of
needle tips under a scanning electron microscope. The observation
was that about 25% of all needles sent to us from industry were found
to have broken tips. The needles were specified as simply having
been taken out of service without regard for reason. The tip breaks
had the characteristic surface of brittle fracture in metal. This
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suggests that these breaks were caused by striking something solid.
This may be fasteners on the apparel or parts of the sewing machine
that are out of alignment or misadjusted. Assistance to Mr. Gunn's
thesis were given by Tom Hammonds and Abubakar Bah.

A study of thread balance was undertaken by Dana Kelley. These
efforts were directed to finding that level of top thread tension
required to form a lockstitch loop at the center of the fabric in
accordance with the textbook version of a perfect lockstitch. - The
tension level in a properly maintained bobbin case is about 20 grams
for the bobbin thread. A variety of fabrics were sewn with varying
top thread tension. Then top and bottom threads were removed from
one hundred stitch seam lengths to get a reasonable measure of top
and bottom stitch lengths. Some of Ms. Kelley's results are plotted
in the following.

TOP - BOTTOM THREAD BALLANCE

Effect Of Top Thread Tenelicon

Ltaength Batance (Top / Bottom)

300 S00 700 900

Top Thread Tension, g (Bottom = 20 @)
0 Deta Cct. 30

Figure 2. Thread Balance in a Lockstitch Seam

This shows that balance, which is the ratio of needle to bobbin
thread consumption of 1.0, occurs at about 700 grams thread tension.
Later work with sewing plants and maintenance personnel pointed to a
standard value of 200 grams for the needle (or top) thread tension.
At that tension level, more than twice as much top thread is
consumed, compared with bobbin thread consumption. Clearly, the
balance point is not at the center of the ply being sewn, but rather
two thirds of the distance from top to bottom, close to the bottom
side.
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To operate at excess tension in order to form a more "perfect"
lockstitch creates the potential for thread breaks. the sewing
thread has thick and thin places to some degree in any circumstance.
Work by another student found the stress-strain relation for the
sewing thread. This is shown in figure 3. following.
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Figure 3. Sewing Thread Strength v. Elongation

This figure shows that achieving balance may take about 50% of
the total yarn strength. Preloading the yarn to this extent is of
itself reasonably safe, but when sewing loads during fabric
penetration and loop formation are considered, this increases the
chance for thread breaks significantly. The value recommended for
top thread tension, again, is about 200g.

Another student, Arlene Stark, worked on measuring the acoustic
spectra of the sewing machine in conditions of thread versus no
thread in normal two ply seaming. The conditions included machine
speed as a variable. The following illustrates this work.
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These figures indicate that a frequency band can be found where
thread break can be identified. Efforts to determine whether
integration of the area under the curve is sufficient had difficulty
at low frequency. This concept was to have an all purpose, all
frequency thread break detector. For reasonable sewing speeds, it is
possible to use an op amp integrator, but research indicated that the
broad approach would not be adequate at all speeds. Most industrial
sewing is done at fixed speed. Furthermore, the new sewing machine
drives achieve operating speed in about ten stitch cycles. The
result is that fixed band detection should be reliable.

Research into fiber optic detection of top thread as it passes
over the bobbin case led to the determination that this method is
feasible as well. The findings included that straight fiber optics
were insufficient to both detect a missing top thread and provide
sufficient clearance for bobbin changing. When an integral lens is
included with the fiber optics, reliable thread detection was
achieved with an optimum placement from the bobbin case of 2.5"
separation. This allows adequate clearance.

The Eltex thread motion sensor was invest.igated as a means of
detecting bobbin thread breaks as well. The following figure
illustrates results of this work.
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Figure 6. Eltex Bobbin Thread Break Data
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The time difference between normal and no bobbin thread stitches is
detectable for one ply sewing. The difference would be further
emphasized for regular sewing of two or more ply. This is suggested
by the following work on- number of ply determination which is given
in the next figure. ﬂ
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Figure 7. Eltex Data for Multiple Ply Sewing

The wider pulse is associated with the greater number of ply. The
thread motion is longer in duration with longer stitch lengths, as
might be expected. Variability in thread take-up from stitch to
stitch has been found. This may be due to thread elongation, or
other mechanisms which we do not yet understand fully. Nevertheless,
the data suggests that means to detect bobbin thread breaks based
upon top thread consumption is feasible.

To further examine the thread consumption issue, a study of
thread balance, i.e. the ratio of top thread consumption to bottom
thread consumption was undertaken. The student responsible for this
work had as a goal the determination of how the two threads composing
a lockstitch were distributed when sewing various number of ply of
fabric. As mentioned before, this study involved sewing samples of
varying number of ply, then removing the stitches. A group of five
specimens were examined per ply configurationi. The numbers reported
are the average of the values found. The results are given in the
following figure.
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No. of Ply vs. Thread Balance
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Figure 8. Thread Balance versus Number of Ply

The averages for thread balance versus ply are: one ply = 1.45, two
ply = 1.90, and three ply = 2.25. Clearly, top thread consumption
increases with number of ply and dominates as the source of new yarn
for the extra yarn needed for the thicker fabric plies.

Other work completed and not shown here includes a study which
shows that the total energy of the spectra from the normally
operating sewing machine increases with sewing machine speed. The
total energy being consumed by the machine increases with speed, and
it is reasonable to expect that the acoustic energy output should
increase as well.

Overall, the work provides a good basis for design and
development of means of defect detection in a sewing plant. The
manufacturing personnel with whom this work has been discussed are
enthusiastic over the prospects for resolving recurring problems in
sewing through application of this research.
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3.0 Plans for Phase III

Designs for the circuits to implement fault detection are to be
generated and built in prototype form. In-plant testing of the
prototypes will be conducted at least two facilities, but more likely
three facilities. Levi Strauss through their Technical Center in
Richardson, TX, Tennessee Apparel and the Factory at DPSC in
Philadelphia are strong candidates for the on site tests. Also, the
Johnson & Johnson sewing plant in E1 Paso, TX has offered its
facilities for this prototype development effort. Levis will
coordinate design efforts for their application at Richardson, then
permit tests in the regional plant most suited to the particular
application. Similarly, technical or maintenance personnel at
Tennessee Apparel and at the DPSC Factory will be consulted during
prototype development. The key element is rapid feedback from the
plants, allowing time for redesign and refinement in the design
process. The final report for Phase III is to be written such that
independent firms or individuals may duplicate what was done in this
project.





