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Ullrasamic Backscartrred Amphmude Integral [BAl) values are used 1o delect crili
sl arnd major defeels such as nonbonding, wrinkies and hubhlea diatritnated within
the scal arca of Dexible [vod packsgies, The BAl-mode fmaging by its=t is ot capa-
ble of detecdng such nonbonding, weinkles and bubdsles dislrbuled wilhin e seal
area, For this sludy, model delecis in the acal rogion of all-plaste and foll-contatn-
Ing Hlms were crented by varyiny the sealing-bar lemperature. Scal mglons worn
scanned by a 17.3-MHz ultrasonic transducer, and the wavelorm [or each scan
point was processed by the BAl-mode method. The mcan and the ooefficiont of wari-
atlem of the BAT wvalues (BAICY] were calewlated. [L is shown thal 8 combination of
mean BAI value and BAICVY value can detect delecls disiribuied in seals in fexible
fondl packages. This technique has the potential of providing a real-time, on-line
ronfrol by aensing whether a proper seal has been achieved.

INTRODUCTION

he ood industty corfinues to pureie betier con-
leirers (hal s incxpenanee, attractfee, and sase to
taunsport and store, Wilh the asseleraled changdes oc-
curring in packaging technology, nnn-tradiyionzl shell
slable puekaging, such as rolortable pouches and
ravs, is being considered as replocernent for the pro-
duction volume occupied by canning, Such exible foud
packages oiler the consumer cheap. lightweoight,
rdurahle and easy io-open packaging [1-5). These pack-
agrs provide food preservaiion superior (o thad providesd
by traditiornad cans and glass containers [G-10).
Sealing 15 the critical step in the use of Oexible Food
packages boocause post-procesa contamination of
processed [oods is mostly linked o seal and package

"Lyrreapomcing author smorcie®uboc =du
Thds wowrk was $Uppome Ty L e Walue-ailoes] Ressanidn Oppascilin o

Eram. Agricviiaral Experdmect Stoiwce; aced (21 Dleums Ooacnal or bl ared
Sgreuliczedl Rezscsndh (O FAR, Coanpeiithas Geasiba Drgdrarn, Liederadoy of [L-
renzs, Lilmres.

nbedrity Issues {11-10), The National Food Processors
Associsdion [NFPA) states that critical defects such as
channel leakers and pooboodiog o e seal ares of
Hexdble food packages could result in o potentizd pub

lic health problem {16]. I package content ia contami-
nated in any prodoction ol during packaging or stor-
agr. the NFFPA recommends a thorough nspection 1o
erure Lhal oo containers with lost hermetic seals are
disrribiited,

Moar poat-acal quality control is hased on time-con-
suming, expensive destructive and nondestructsee ex-
Arrmmaliors, '['fl_lfr!:rﬂ.]'_l,-',_ I'.|I.L':l.|iL:.' conbrol is ZIII.EleI]'_'r" peET-
Iovvmned by post prodoction mspection. This results in
higth serap rales wilth desuruetive lechniques (17] and
low detection rales with nondestruclive visual
[human] inspection fechiigues due to low hoomao oc-
wler resolutiovn (=50 (18], On-line quality eoniraol
in automated thermal fusion sod Doeoding operalions
may provide higher productivity, lower cosis and
Erealer package relinbility,

Thermal fusion and bonding, the predominanl
method of sealing Aexdble plastic and coated paper
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packages, can be achieved by several methods: hot-
tool welding, ulirasonic welding, RF and laser weld-
ing, dielectric welding, solvent bonding, hot-gas weld-
ing, vibration welding, infrared sealing, and induction
secaling [19-28). In these methods, the crystalline
structure of the polymer in the seal interface changes
into liguid above the melting point of the polymer, and
the interface is allowed to solidify, resulting in a weld.
Three major nonmaterial factors control seal quality:
the pressure of the sealing jaws, the temperature of
the sealing medium, and the dwell time during when
the sealing jaws press the material. In ultrasonic and
vibration welding, weld tme, weld pressure, and am-
plitude of vibration are the most important parame-
ters (21, 22, 28). These factors are interrelated; when
one of these elements is changed, the others require
adjustments to provide the same seal quality.

In this study, heat sealing was used to fuse plastic
packages' seal areas. To create seals of different qual-
ity. the temperature of the band sealer was varied,
while keeping the pressure and the dwell time con-
stant. Three heating schemes were used: in case [, the
polymer in the seal area, i.e., polyethylene, was
heated below the melting point of the polymer, then
cooled; in case I, it was heated to optimal tempera-
tures (greater than melting point), then cooled; in case
I, it was overheated, then cooled. At temperatures
below the melting point, the crystal structure §s not
completely destroyed (29), and interchain diffusion is
not complete (30), which may result in incomplete
bonding in the seal area after cooling the sample. At
optimal temperatures above the melting point. the
crystalline structure is completely melted, and no
spherulites remain in the melt (31), which may pro-
vide solid interface in the seal arca after the sample is
cooled. At temperatures far above the melting point,
polymer degradation occurs due to overheating,

The ultrasonic, pulse-echo Backscattered Amplitude
Integral (BAl)-mode imaging technique was developed
to detect defects nondestructively in the seal area of
flexdible food packages (32). This technique has the ca-
pability of detecting channel defects as small as 6 pm
al a center frequency of 17.3 MHz. However, it is more
effective for defects larger than 15 pm (33-38). Detec-
tion of smaller defects, with a cormesponding decreass
in penetration depth, is possible al higher frequencies,
By being able to detect channel defecis smaller than
B0 pm in diameter buried in opague material, the BAI-
mode imaging method s already exceeding the reliabil-
ity of human inspection. This method has the potential
for being the basis of an on-line, nondestructive pack-
age seal-integrity inspection device.

This study shows that the BAl-mode imaging tech-
nigue s not able to detect defects such as non-bond-
ing, wrinkles, bubbles, and blisters disiributed in the
seal region. According to NFPA. nonbonding and de-
lamination are critical defects; blisters, bubbles, amd
wrinkles are major defects. Critical and major defects

may compromise package integrity. The objective of
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this study is to report on a new technigue that idernti-
fies such defects and quality variation that the basic
BAl-mode imaging method cannot identify.

MATERIALS AND METHODS
Sample Preparation

Two retortable pouch materials were used as sam-
ples. The material composition of the transparent
all-plastic film was nylon/polyivinylidene chlo-
ride) /polypropylene (Fuji Tokushu Shigyo Co. Ltd.,
Seto Aichi, Japan) with a thickness of 110 pm. The
opague material was polyester/aluminum foil/
polypropylene (American National Can Company,
Chicago] with a thickness of 120 pm. Polypropylene
was the heat-sealing layer for both films,

Samples were produced by welding the polypropy-
lene layers of two identical packaging materials with
an automatic band sealer (Doboy HS-C42054, Doboy
Co., New Richmond, Wis.). In band sealing, endless
stainless steel bands (with non-stick DuPont Teflon®
coating) carry the two layers of package material be-
tween heated bars to pass heat through the material.
Next, the welded sample travels between a pair of air-
cooled bars. The band speed of the machine was
0.083 m/fs. The sealing-bar temperature was adjusted
between 90 and 200°C for the all-plastic films and be-
tween 140 and 250°C for the foil-containing films,
both welded at 10°C intervals,

System Description

Figure 1 shows the block diagram of the data acqgui-
sition system in which a GPIBE board controlled by a
program coded in C, communicated with a host PC
[ZEQS 66 MHz 486), motor controllers, and a pulser-
receiver. The mechanical movement of the transducer
for scanning was achieved by a five-axis [three linear
and two rotational axes) precision positioning system
{Daedal Inc.. Harrison City, Pa.). The linear and rota-
tional positional accuracies of the system were 2 pm
and 0.01°, respectively. The sample was affixed to a
plastic holder and submersed in a degassed water
tank (~20°C) so that its surface was approximately
normal to the direction of the propagated sound
beam. A pulser-receiver [Model 5800, Panametrics,
Waltham, Mass.) operating in pulse/echo mode con-
trolled by the PC was used to produce the 300 V
monocycle pulse that excited a spherically focused ul-
trasonic transducer with nominal center frequency of
20 MHz (Model V317, Panametrics, Waltham, Mass.].
However, the measured center frequency of the trans-
ducer was 17.3 MHz (39). The received echo signal
was amplified (20 dB). bandpass filtered (1-35 MHz)
by the pulser-receiver, and then displayed (S00Ms/s)
on a digitizing oscilloscope (Model 93741, LeCrov,
Chestnut Ridge, N.Y.). The PC retrieved the digitized
echo waveforms from the oscilloscope. and the stored
wavelorms were transferred to a SUN workstation for
off-line processing.
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Fig. 1. Diogram of dotn aogquisition systemn,

Data Acqguisition

The focal length of the transducer was 12.7 mm.
Therefore, the round-trip time-of-transition TOT) for the
ultrasound pulse in the water was 17.2 ps at the focus
[TOT = 2 ® z/c,, where z is the focal length, and ¢, is
the speed of sound in the water, 1483 m/s at 20°C,
[40)]. Radio frequency (RF) echo waveforms at each scan

point were acquired and stored between TOT = 16.8
and 17.8 us to include the sample thickness, as shown
i Fig. 2. Each RF waveform obtained in this TOT range
contained 170 data points. The four edges of the rectan-
gular sample surface were scanned to verify that the
wanveforms were within the specified TOT range.

The sample was scanned in a rectangular grid pat-
tern. The horizontal and vertical grid spacings were
200 pm and 100 pm, respectively, The horizontal di-
rection was approodmately parallel to the sealing di-
rection. The field-of-view was 1.5 mm (vertical direec-
tion) by 10.0 mm (horizontal direction). The number of
waveforms [RF echo signals] was 50 (10 mm/200 pm)
in the horizontal direction and 15 (1.5 mm/ 100 wm)
in the vertical direction for the total number of 750
(15 = 50) waveforms. The three-dimensional data set
contained 750 170-point RF echo signals.

The BAI-Value Mairizx and
Its Coefficient of Variation

The three-dimensional data sel was processed 1o
produce the two-dimensional Backscatiered Ampli-
tude Integral (BAl)-value matrix (32, 33). Each RF
echo signal was Hilbert-transformed to produce its
envelope [Fig. 2). The echo amplitude was further inte-
grated between TOT = 16.8 ps and 17.8 ps to obtain
the BAl-value. This value was caleulated for each scan
point, generating a 15 * 50 BAl-value matrix. This
matrix was calculated for each packaging sample.

The mean and standard deviation were calculated
for each BAl-value maitrix. The coefficient of variation
was calculated for each packaging sample as:

E L L T 1

Amplitude, Volt

=

[]
—
T
-

Hilbert-Transform
of RF-echo signals 1

RE-echo signals

L 'y

16.8 17.0

17.2

17.4 17.6 17.8

Time-of-Transition (TOT), us
Fig. 2. RF echo signal and s Hilkert transform
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BAICY =

Standard deviation of BAI — values in the BAI — value matrix

Mean of BAI - palues in the BAI - value mafrix

The BAICY represents the coefficient of variation of
BAl-values in the BAl-value matrix,

The BAI-Mode Imaging

The BAl-mode image of each sample was generated
by our previously described technique (32]). Briefly,
columns and rows of the BAl-value matrix were inter-
polated by a factor of ten (200 pm/ 10} and by a factor
of five (100 wm/5), respectively. The interpolation re-
sulted in pixel sizes of 20 pm = 20 pm with the mum-
ber of rows and columns in the BAl-value matrix of 75
(15 by 5) and 500 (50 by 10), respectively. The nor-
malized image matrix was used to yield a gray scale
image (Fig. 3).

Sample Validation

A scanning laser acoustic microscope [SLAM). (So-
nomicroscope 100%, Sonoscan, Inc., Bensenville, 1L).
operating at an acoustic frequency of 100 MHz, was
used to examine all samples. It had been previoushy
demonstrated that the SLAM could nondestructively
image defects as small as 10 pm in diameter in plastic
packages [41).

The SLAM is a through-transmission imaging sys-
tem that can determine bulk wave ultrasonic proper-
ties of a thin specimen (42, 43). In addition to produc-
ing an acouslic image, the SLAM can produce an
interference pattern (interferogram) (Fig. 4), from
which the sound speed of the specimen can be deter
mined. The interferogram consists of vertical [con-
stant phase) interference lines, which are shifted to

1.5 mm

1.5 mm
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(1]

the right or left with respect to portions of sample with
higher or lower speed, respectively (44, 45). If there is
a discontinuity in the specimen (such as air or any
other material with much higher or lower impedance
than the specimen), the interference lines at this loca
tion will either distort or vanish due o diffraction ef-
fects. These types of discontinuities provide contrast
in the image.

A small representative region (~3 mm by 6 mm) of
the sample was cut out using a razor blade, The real-
time interference image of the specimen was displayed
on the SLAMs monitor. The sample was magnified by
approximately 100x. The field-of-view of the Image
was approximately 3 mm hortzontally by 2 mm verti-
cally. A frame grabber was used to digitize the video
signal of the interference images. Eight digitized im-
ages per sample were collected, saved in TIFF [tagged
image file format) format, and averaged to improve
image quality. Each averaged image was improved by
histogram egualization to enhance the contrast, Fi-
nally, the median filter was applied to remove the
speckle noise on the image. All image processing was
performed by the Image Processing Toolbox in MAT-
LAB® (The Math Works, Inc., Natick, Mass.)

RESULTS AND DISCUSSION
The BAI-Mode Imaging

Two samples were generaled at each sealing-bar tem-
perature. Twenty-four all-plastic and twenty-four foil-
containing samples were evaluated. Figure 3 illustrates
the BAI-mode images of all-plastic samples produced at

(a)

10 mm

10 mm
Fig. 3. The BAlI-mode image of all-plostic films in the seal region. Somples were seabed af (ol 150°C and [B 2000C.
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150°C and 200°C. Visual cbservations indicated that
the sample in Fig. 3a did not include any visible defect
on its surface and that the sample in Fig. 3b had visible
bubbles and wrinkles on its surface, The BAl-mode im-
ages make no apparent distinction between the two
samples. Visual examination of other samples estab-
lished that the BAl-imaging technique by itself was not
capable of detecting wrinkles, bubbles and blisters
when they were distributed in the seal area. In some
samples produced at low sealing-bar temperatures, the
layers were separated after they were scanmed. How-
ever, these samples did not show any discontinuity in
the BAl-mode images. The reason for the BAT-mode
imaging not detecting delamination while it can detect
micro-defects such as channel leaks as small as 6 um
(33, 34] is the insufficient contrast between the defect
region and the solid part of the seal.

Sample Validation by SLAM

Figure 4 shows SLAM interference images of samples
[three all-plastic samples and three foil-containing
samples) constructed at different sealing-bar tempera-
tures, Shifting of interference lines in the boundary
between sample and water was observed. The speci-
men region was always darker than the water region
because the ultrasound attenuation coefficient is
greater in samples than in water. Interference lines in
foil-containing samples were barely visible compared
to those in all-plastic samples.

Figures 4a and d show SLAM interference images in
which the interference lines disappeared in some
areas within the sample. This situation was observed
in all-plastic and foil-containing samples produced at
scaling-bar temperatures ranging from 90 to 120°C
and 140 to 170°C, respectively. Some samples exhib-
ited separation of films on completion of the experi-
ment. The interference lines disappear in delaminated
or non-bonded regions because the 100-MHz ultra-
sound does not propagate through these regions be-
cause of the layver impedance mismatch between these
regions and pelymeric materials,

Figures 4b and e demonstrate SLAM interference im-
ages in which the interference lines were vertically par-
allel to each other. This pattern of interference lines
was seen in all-plastic samples and foll-containing
samples created at sealing-bar temperatures ranging

from 130 to 170°C and from 180 to 220°C, respec-
tively. A visual inspection of the surfaces of these
samples in the seal region showed very smooth sur-
faces. Thus, seal regions produced at these tempera-
ture ranges result in SLAM images with ordered verti-
cal interference lines.

Figures 4c and fshow the SLAM interference images
in which the interference lines are mixed up inside
the specimen region. All-plastic and foil-containing
samples constructed at the sealing-bar temperatures
above 180°C and 230"°C. respectively, yielded the
same results, Wrinkles, discoloration. bubbles, and
blisters were visually observed in these samples.

The sealing-bar temperature regimes have been di-
vided into three categories based on the interference
image and visual observations. Table | lists these
regimes for each sample group and summarizes the
SLAM study. At low sealing-bar temperatures (regime-
I}, the incomplete seals were created, At optimal seal-
ing-bar temperatures (regime-1I), no defects were ob-
served In the seal area. Finally, at high sealing-bar
temperatures [regime-II), there were wrinkles and
bubbles on the seal surface.

Mean BAlI-Value of the BAI-Value Matrix

Figure 5 shows mean BAl-values of samples pro-
duced at different sealing-bar temperatures. The
mean BAl-values in regimes-1 and -1I1 decrease as the
scaling-bar temperature increases, and are approxi-
mately constant in regime-I1. Also, mean BAl-values
in regime-l are higher than those in regime-II, and
higher in regime-II than those in regime-1I1

Regime-1 shows the range for the temperature appli-
cation that is possibly below the melting point of the
polymer in the seal area. Incomplete melting causes
partial interchain diffusion of the polymer in the seal
interface (30). That resulted in post-seal delamination
or nonbonding in the seal area of the sample. High
mean BAl-values in regime-l1 suggest that the ampli-
tude of the reflected echo signal is stronger than that
in other regimes. Consegquently, delamination or mon-
bonding in the seal causes a greater reflected echo
amplitude to returmn to the transducer because of the
higher acoustic-impedance difference between the dis-
contimnuous region in the seal and the polymeric pack-
age material.

Table 1. Evaluation of Effect of Sealing Bar-Temperature on All-Plastic and Foil-Containing Sampiles Using SLAM.

Sealing-Bar
Regime Packaging Material Temperature Range Observations

Low Hllliﬁg-bar all-plastic fim 0=120"C SLAM: interference lines disappeared in non-bonding rageon

temperature range foil-containing film 140-170°C Visual: Some samples wane delaminated afer the data collaction
- . S R e
Dptimum sealing-bar ali-plastic fim 130-170"C E.LMI: Smooth vertical inMerference lines in the specimen ares

temperatre range foil-containing filrm 180-220°C Visual: No visual debect and smooth sample surface

High BE:IJW-Mr al-plasiic film 180—-200%C SLAM: Interferencs lines wana tangied
1emperature range toil-containing film 230-250°C Visual: Wnnkles, discoloration, bubbles and blisters were clearly visible
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Fig. 5. Mean BAvalues of fa) all-
plastic films and (b foil contalning
Jims cornstructed af different seal-
ing boar temperatures. Dashed
lines in the figure separate the
three sealing-bar temperature
regimes obtained by the SLAM
el visunl obserpations,

Regime-III shows the range for temperature applica-
tion that is far above the melting point of the polymer
in the seal interface. Overheating of polvmers can
bring about chemical reactions such as crosslinking
or material degradation (46). In this regime, wrinkles,
bubbles, and blisters were visually observed on the
seal surface, and interference lines were scrambled.
Low mean BAl-values in regime-1II imply that the am-
plitude of the reflected echo signals diminishes. This
decrease is surprizsing because bubbles and wrinkles
in the seal area theoretically reflect more energy than
homogenous, solid seal. Thus, the BAl-values in
regime-TIT should have been higher than in regime-Il.
The reason might be attributed to the change of the
thickness in the seal region as the sealing tempera-
ture increases, which affects the intensity of the re-
flected echo signals. However, the post-seal thickness
of samples was not measured in this study.

Mean BAl-values were uniform in regime-11. ranging
from 150 to 175 V-ps and from 205 to 211 V-ps for
all-plastic films and foil-containing samples, respec-
tively. The SLAM and visual observations had previ-
pusly shown that samples produced at the optimum
sealing-bar temperature range (regime-II] had wvery
smooth surfaces and that the interference lines were
not disturbed. Thus, so long as sealing i= performed
at optimum conditions, the mean BAl-value of the
to that for other processing conditions.,

Mean BAl-value

Mean BAl-value
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Figure & shows the BAICV-valies for samples pro-
duced at different sealing bar temperatures, The lower
the BAICV-values, the smaller the variations in the
data, i.e., values in the data are closer to the mean
value. The BAICV-values in regime-Il (for which de-
fects were not visible on the sample surface] are 108
and 2.5% lower than those in regime-1 and regime-TI1
lwhich had visible bubbles, blisters, and wrinkles) for
all-plastic and foil-containing films, respectively. Also,
data variation is much higher in regime-III than
regime-1 because regime-I11 has a high degree of inho-
mogeneity due to bubbles and wrinkles with respect
to regime-1 in which seals are partially welded. Thus,
if the seal region of the package contains defects, the
variation of the BAl-values in the data is high, and
can be measured by calculating the coefficient of vari-
ation of the data.

The BAICV-Value Versns Mean BAIL-Value

Figure 7 shows the mean BAI- and BAICV-values for
cach sample. For the .El]l-p-lamh: samples, the mean
BAl-values are between 150 and 175 V-us and the
BAICV-values are lower than 10%. This area is
regime-Il as indicated in Fig. 7a. For foll-containing
samples, regime-11 is bounded by mean BAl-values
between 205 and 211 V-ps and BAICV-values lower
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Fig. 6. Coeffictent of variation of
the BAvabues [BAICV] in the BAT-
value matric for (o) all-plastic fitms
and (bl foil containing films cre-
aled ol different sealing bar temn-
peraiures.

Fig. 7. The BAICV-palues versus
mean BAl'valies for (o) all-plastic
films ared (b fod containing filres.
Mata points were collected from
Fig. 5 and Fig. 6.

Ultrasonic Monitoring of Seal Quality in Food Packages

BAICV-value

BAICV-value

BAICV-value

BAICV-value

(%)

POLYMER ENGINEERING AND SCIENCE, MAY 2001, Val. 41, No. §

(a)
40 - -
] : .
. I otml %o
= 20 . " ' L
s L] ' : :
LR :- * 1 . E Il
L L]
. e RN
B0 100 120 140 160 180 200
Sealing Temperature, °C
(b)
40 - -
. I ; o fm *
? N 115
;E_- 204 , E : . g 5
- i - P
104 . . E E L]
o : —i )t s :
130 150 170 190 210 230 250
Sealing Temperature, °C
(a)
40
04 - I+ III
20 4 - o %
. -3 (O R
""-___‘::‘\- l ‘J: .
i} . o i ""I i :
90 110 130 150 170 190 210 230
Mean BAl-value (V-us)
(&)
40
BD -
I+ I
20 . . :
10 1 R - ‘ .
0 . . \& . .
140 180 180 200 220 240  26C

Mean BAl-value (V.us)



Ayhan Ozguler, Scoit A. Morris, and Williarn D. O'Brien. Jr.

Fig. 8. The frequency distribution
af the BAl-values in the seal region
of la) the all-plastic films; (b the
Joil-containing fitms.

than 2.5% as shown in Fig. 7b. Other data points in
these figures are from regime-1 and regime-IIl. Figure
7 shows that so long as the package seal contains no
defects, ils mean BAI-value will not vary much in
comparison to package seal containing defects, and
its BAICV-value will approach to zero,

Figures 8a and b show, respectively, the distribu-
tion of the BAl-values in the seal area of the all-plastic
and the foil-containing packages. In these figures, the
distribution of the BAl-values is shown for each
regime. The distribution curve of each regime was
drawn by adding all the BAl-values in the same re-
gion. For instance, regime-1 in Fig. 8a includes the
BAl-values collected for sealing-bar temperatures be-
tween of 90°C and 120°C. From Fig. 5a, this regime
includes eight BAl-value matrixes. Since each matrix
was made up of 750 BAl-values. regime-I in Fig. 8a
repreaents the distribution of 6000 BAl-values. As
shown in Fig. 8, shapes of the distribution curves in
regime-| and regime-IIl are more dispersed than those
of regime-Il because of the high variation of data. On
the other hand, the BAl-values are closer to the mean
BAl-value in regime-II, resulting in apike in the distri
bution curve, To minimize possible formation of de-

fects in an ideal package-sealing operation, the BAI-
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values should be very close to the mean BAl-value in
the seal region. which lowers the BAICV-values.

CONCLUSION

The mean BAl-value and the variation of the BAL-
values (BAICV] in the seal region provide an effective
way Lo detect macrodefects such as delamination,
non-bonding. wrinkles, blisters, and bubbles that
BAl-mode imaging can not detect when there are
many defects in the seal area. At optimum sealing
conditions, the mean BAl-value of the solid seal is
uniform, and the BAICV-value becomes closer (o 2ero.
Also, the upper and lower limits for mean BAI- and
the BAICV-values for optimum sealing conditions
wonild be different for different packaging materials.

A combination of the mean BAl-value, the BAICV-
value, and the BAl-mode imaging can be used for per-
forming a thorough inspection of package seals. The
mean BAl-value and the BAICV-value can be used to
detect macroscale seal defects and BAI-mode image
can be used to detect microscopic defects. When
macroscale defects are detected by the inspection sys-
tem, further testing for microscopic defects is not re-
quired, thereby decreasing inspection time and cost.
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LUltrasonic Monitoring of Seal Quality in Food Packages

The target of an effective quality assurance system
must be to detect faults on line. In this regard, testing
of packages. The mean BAl- and BAICV-values of
seals can be used to predict the performance of the
sealing operation. When these values start deviating
from acceptable levels, defective package could be re-
jected, and machine setting is adjusted. As such, this
method offers the potential for real-time, on-line con-
trol by sensing whether or not a seal has achieved a
proper fusion state.
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