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AUTOMATED CRACK DETECTION SYSTEM 
AND METHOD FORVEHICLE CLOSURE 

BACKGROUND 

The present disclosure generally relates to an automated 
crack detection system and method for a vehicle closure and 
more particularly relates to an automated crack detection 
system and method that monitors acoustic emissions during 
an open and close durability test of the vehicle closure for 
determining a crack initiation potential of a vehicle closure. 

It is known to monitor critical areas of a vehicle closure, 
Such as a door, tailgate or the like, for fatigue failures occur 
ring during repeated opening and closing (i.e., durability 
testing) of the vehicle closure. Fatigue failure can be deter 
mined by the appearance of a crack in the vehicle closure and 
the durability of the vehicle closure can be measured by 
counting the number of repeated openings and closing of the 
vehicle closure prior to the appearance of the crack. Thus, for 
example, a vehicle closure can be said to fail due to fatigue 
when a crack appears after a number of closings of the vehicle 
closure. 
The current method for finding a crack in the vehicle clo 

Sure requires invasive physical checks to be performed on the 
vehicle closure. For example, a vehicle closure undergoing 
durability testing may have to be removed from the vehicle to 
which it was mounted and/or cut open (i.e., undergo a tear 
down) to search for cracks which likely prevents reuse of the 
vehicle closure. This is a cumbersome process that is time 
consuming and expensive. There are also difficulties associ 
ated with determining precisely when or after how many 
openings and closings (i.e., cycles) to perform a crack check. 

Moreover, any cracks forming in the vehicle closure must 
typically propagate to a considerable size before they can be 
detected under current durability testing and monitoring 
methods. As a result, it is often difficult to determine when a 
crack first forms in the vehicle closure and information con 
cerning propagation of the crack immediately after initial 
formation is generally unavailable. Oftentimes, multiple 
durability tests are performed on several vehicle closures of a 
common design so the vehicle closures can be removed and/ 
or cut open at varying stages of the durability test in an 
attempt to more accurately determine when crack formation 
begins. This causes further labor and material costs to be 
incurred during durability testing of vehicle closures. Accu 
rately determining the timing of crack initiation during a 
durability test is also important to improve the correlation of 
physical tests with Computer Aided Engineering (CAE) 
simulations. Improved simulation accuracy can reduce the 
dependence on prototype testing, and thereby reduce the cost 
of the development of vehicle closure systems. 

SUMMARY 

According to one aspect, a method is provided for moni 
toring one or more specific locations of a vehicle closure for 
fatigue failure occurring during opening and closing of the 
vehicle closure. More particularly, in accordance with this 
aspect, the method comprises identifying one or more specific 
locations on a vehicle closure to be monitored; mounting a 
sensor at each of the one or more specific locations on the 
vehicle closure; repeatedly opening and closing the vehicle 
closure with the sensor mounted at each of the one or more 
specific locations on the vehicle closure; and comparing 
acoustic emission generated during repeated opening and 
closing of the vehicle closure to a predetermined threshold to 
determine a crack initiation status of the vehicle closure. 
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2 
According to another aspect, a method is provided for 

determining fatigue failure in a vehicle closure. More particu 
larly, in accordance with this aspect, the method comprises 
identifying at least one high risk location in a vehicle closure; 
positioning at least one sensor on the vehicle closure at each 
one of the at least one high risk location; generating acoustic 
emission by repeatedly closing the vehicle closure; collecting 
the acoustic emission generated for each closing impact of the 
vehicle closure through the at least one sensor, and comparing 
the acoustic emission collected to a predetermined threshold 
to determine a crack initiation potential of said vehicle clo 
SUC. 

According to yet another aspect, a method is provided for 
monitoring one or more specific locations on a vehicle closure 
during opening and closing of the vehicle closure. More par 
ticularly, in accordance with this aspect, the method com 
prises identifying one or more specific locations on a vehicle 
closure to be monitored; mounting a sensor at each of the one 
or more specific locations on the vehicle closure; repeatedly 
opening and closing the vehicle closure with the sensor 
mounted at each of the one or more specific locations on the 
vehicle closure; and monitoring local vibrations sensed by the 
sensor mounted at each of the one or more specific locations 
for a measurable increase evidencing crack initiation and/or 
propagation in the vehicle closure. 

According to still another aspect, an automated crack 
detection system is provided for determining a crack initia 
tion potential of a vehicle closure. More particularly, in accor 
dance with this aspect, the system comprises a vehicle closure 
operatively mounted to a vehicle and one or more sensors 
positioned on the vehicle closure at one or more specific 
locations for monitoring acoustic emissions of the vehicle 
closure during closure thereof. A signal analyzer assembly is 
linked to each of the one or more sensors for receiving acous 
tic emission signals from the one or more sensors and com 
paring the signals received from the one or more sensors to a 
predetermined threshold to determine a crack initiation 
potential of the vehicle closure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an automated crack detection 
system for determining a crack initiation potential of a vehicle 
closure. 

FIG. 2 is block diagram illustrating a method for monitor 
ing the vehicle closure for fatigue failure occurring during 
opening and closing (i.e., durability testing) of the vehicle 
closure. 

FIG.3 is a block diagram illustrating a process for collect 
ing and processing acoustic emission generated during open 
ing and closing of the vehicle closure and comparing the 
acoustic emission to a predetermined threshold. 

FIG. 4 is an exemplary diagram showing the acoustic emis 
sion being compared to the predetermined threshold during 
durability testing of the vehicle closure using a time domain 
method. 
FIG.5 is an exemplary diagram showing the acoustic emis 

sion being compared to the predetermined threshold during 
durability testing of the vehicle closure using a frequency 
domain method. 

DETAILED DESCRIPTION 

Referring now to the drawings, wherein the showings are 
for purposes of illustrating one or more exemplary embodi 
ments, FIG. 1 shows an automated crack detection system 10 
for determining a crack initiation potential of a vehicle clo 
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sure 12. More particularly, as will be described in further 
detail below, the system 10 can be used for monitoring one or 
more specific or high risk locations of the vehicle closure 12 
for fatigue failure occurring during opening and closing of the 
vehicle closure 12, such as during a vehicle closure durability 
test. In the illustrated embodiment, the vehicle closure 12 is 
depicted Schematically as a vehicle passenger cabin entry 
door operatively mounted to vehicle 14, but it is to be appre 
ciated by those skilled in the art that the system 10 can be used 
on any vehicle closure operatively mounted to a vehicle, 
including for example tailgates, glove compartment doors, 
console doors, trunk lids, hoods, etc. 
The system 10 includes one or more sensors positioned on 

the vehicle closure 12 at one or more specific locations which 
can monitor the vehicle closure 12 for fatigue during repeated 
closure thereof. In particular, the illustrated system 10 
includes two crack initiation monitoring or crack initiation 
sensors 16.18, particularly first sensor 16 mounted at first 
location 20 on the vehicle closure 12 and second sensor 18 
mounted at a second location 22 on the vehicle closure 12. Of 
course, while the depicted system 10 is shown with two crack 
initiation sensors 16.18, it is to be appreciated by those skilled 
in the art that the system 10 can have any number of crack 
initiation sensors positioned or mounted at any number of 
locations on the vehicle closure 12. 
The crack initiation sensors 16.18 can be acoustic emission 

sensors for detecting a level of acoustic emission at the 
respective locations 20.22 during repeated opening and clos 
ing of the vehicle closure 12. In particular, the sensors 16.18 
can be high-frequency acoustic emission sensors capable of 
capturing high frequency vibrations in the closure 12 
between, or in the range of, about 1 KHZ to about 2 MHz or 
greater. One type of sensor capable of capturing Such high 
frequency acoustic emission is an acoustic emission sensor 
(e.g., a piezoelectric, piezopolymer, fiber-optic, MEMS or 
other known or commercially available sensor types). The 
sensors 16.18 are further capable of generating and sending 
electronic signals representative of the acoustic emission cap 
tured. For example, the sensors 16, 18 can send signals 16a, 
18a, depicted Schematically, that represent the acoustic emis 
sion captured, detected, and/or sensed by the sensors. 
The system 10 can further include a signal analyzer assem 

bly 28 linked to the crack initiation sensors 16.18. As will be 
described in more detail below, the signal analyzer assembly 
28 is linked to the sensors 16.18 for receiving acoustic emis 
sion signals therefrom and comparing the signals received to 
a predetermined threshold to determine the crack initiation 
potential of the vehicle closure. As used herein, a link or being 
linked is used broadly to cover any operative connection 
between components of the system 10 whether wired or wire 
less that enables the linked components to communicate (e.g., 
transmit a signal from one component to another). 

In particular, the signal analyzer assembly 28 includes 
condition monitoring hardware 30 and condition monitoring 
software 32. As is known and understood by those skilled in 
the art, the hardware 30 can include a microcomputer 34 
comprised of one or more input/output interfaces, such as first 
input/output interface 36 and second input/output interface 
38 shown schematically in FIG. 1, a CPU or central process 
ing unit 40, a ROM 42 for storing various operation programs 
or modules (i.e., software) to be executed by the CPU 40 and 
a RAM 44 for temporarily storing the results of computations 
or the like by the CPU 40. As illustrated, the first interface 36 
can be operatively connected (e.g., linked) to the sensors 
16.18 for receiving acoustic emission signals therefrom, Such 
as signals 16a.18a. The hardware 30 can further include one 
or more conditioning filters, such as first conditioning filter 46 
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4 
and second conditioning filter 48 shown schematically in 
FIG. 1, for processing and conditioning the acoustic emission 
signals sent by the sensors 16.18. As used herein, any one or 
more of the signal analyzer assembly 28, the conditioning 
monitoring hardware 30, and the microcomputer 34 can be 
referred to a signal analyzer. 
The conditioning monitoring software 32, which can be 

run by the microcomputer 34, can include a FFT (Fast Fourier 
Transform) analyzer or other signal analyzer module 52 for 
generating an FFT spectrum or time history from the acoustic 
emission signals 16a.18a sent by the sensors 16.18 and 
passed through the filters 46.48, a data recorder module 54 for 
storing information related to the generated FFT spectrum or 
time history, and/or a comparator module 56 for comparing 
the generated FFT spectrum or time history to a predeter 
mined threshold. The modules 52.54.56 can be contained in 
one or any number of Software applications or programs and 
need not be stored in whole or in part on the ROM 42 as 
depicted in FIG.1. The particular system 10 depicted in FIG. 
1 is but one exemplary embodiment of an automated crack 
detection system for determining a crack initiation potential 
of a vehicle closure. 
As will be described in more detail below, the signal ana 

lyZer assembly 28 can, through the conditioning monitoring 
software 32 and the analyzer module 52, compare an ampli 
tude of the signals 16a.18a post-filtering to the predetermined 
threshold to determine the crack initiation potential of the 
vehicle closure 12. More particularly, the analyzer assembly 
28 and software 32 (including the analyzer module 52) can 
generate a FFT spectrum or time history from the filtered 
signals 16a.18a and compare the generated FFT spectrum or 
time history, or an amplitude thereof, to the predetermined 
threshold to determine the crack initiation potential of the 
vehicle closure 12. The system 10 can include an alarm 58 
connected to the microcomputer 34 through the second inter 
face 38that is actuated (via signal 58a being sent to the alarm) 
when the acoustic emission signals 16a.18a indicate that the 
acoustic emissions being sensed by the sensors 16,128 exceed 
the predetermined threshold (i.e., the FFT spectrum or time 
history amplitude exceeds the predetermined threshold). 
The system 10 can include a data recorder for storing 

information related to the signals 16a, 18a or, more particu 
larly, the FFT spectrum or time history generated by the 
signal analyzer assembly 28. In the illustrated embodiment of 
FIG. 1, the data recorder can be a remotely positioned net 
work server 60 and database 62. As is known and understood 
by those skilled in the art, the network server 60 and database 
62 can be linked to the microcomputer 34, particularly inter 
face 38 of the microcomputer shown in FIG. 1, through a 
network 64. Such as the Internet or any other network (e.g., an 
intranet). Alternatively, the data recorder could be some other 
device or could simply be the ROM 42. 

In addition, the system 10 can include any number of 
additional sensors for sensing appropriate signals to the sig 
nal analyzer assembly 28 about other conditions of the 
vehicle closure 12 and/or the durability test. For example, 
sensor 66 can be mounted adjacent the vehicle closure, i.e., 
for sensing closure of the door 12. In this arrangement, the 
sensor 66 functions as a count or cycle sensor and sends a 
signal or signals 66a to the signal analyzer assembly 28 for 
purposes of tracking the count or cycles at closing the door 12 
in a particular durability test. 

With additional reference to FIG. 2, a method is shown for 
monitoring a vehicle closure, particularly one or more spe 
cific locations of the vehicle closure, for fatigue failure occur 
ring during opening and closing of the vehicle closure. When 
applied to the system 10 shown in FIG. 1, the method can be 
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used to monitor the locations 20.22 of the vehicle closure 12 
for fatigue failure (i.e., cracking or crack initiation). Accord 
ing to the method, one or more specific locations of interest 
(e.g., high risk locations or locations deemed to be more 
Susceptible to cracking or crack initiation) are identified on 
the vehicle closure 12 that is to be monitored (S100). This can 
include completing a computer aided engineering (CAE) 
evaluation of the vehicle closure 12 to identify specific loca 
tions of interest or high risk locations. Alternatively, identi 
fying of one or more locations can be done in some other 
manner or can simply be based on prior knowledge and/or 
experience (such as obtained during earlier durability tests) 
concerning where a particular vehicle closure is more likely 
to fail. On the passenger door 12 shown in FIG. 1, the one or 
more specific or high risk locations identified include the first 
location 20, which is a connection area of the door 12 between 
a door main body portion 12a and a forward window frame 
portion 12b, and the second location 22, which is a connection 
area of the door 12 between the main body portion 12a and a 
rearward window frame portion 12c. 
Once the one or more locations on the vehicle closure have 

been identified, at least one crack initiation sensor can be 
positioned on the vehicle closure at each one of the locations 
identified (S102). That is, a sensor can be mounted at each of 
the identified locations on the vehicle closure (S102). On the 
vehicle door 12 in FIG. 1, the sensor 16 is positioned or 
mounted at the first location 20 and the sensor 18 is positioned 
or mounted at the second location 22, both locations 20,22 
being identified as specific locations of interest or high risk 
locations. After the one or more sensors are mounted at each 
of the one or more specific or high risk locations, the vehicle 
closure, such as door 12, can be repeatedly opened and closed 
(i.e., durability testing) (S104). 

Each occurrence of the vehicle closure being opening and 
closed can be considered one (1) cycle in the durability testing 
and the closing or closing impact in each cycle generates local 
vibrations and measurable acoustic emission in the vehicle 
closure. As will be described in more detail below, the local 
vibrations can be sensed by the sensors mounted on the 
vehicle closure (e.g., sensors 16.18 mounted on door 12) and 
then monitored for a measurable increase evidencing crack 
initiation and/or propagation in the vehicle closure. (e.g., 
is/has a crack formed, is a formed crack propagating, etc.). 
The acoustic emission or local vibrations generated during 
the repeated opening and closing of the vehicle closure can be 
compared to a predetermined threshold to determine a crack 
initiation potential or status of the vehicle closure (S106). 

Should the acoustic energy or local vibrations cross (or 
reach or exceed) the predetermined threshold (S108), an 
alarm can be issued (S110). If desirable, whether or not an 
alarm was issued, the acoustic emission energy generated and 
sensed during the durability test can be recorded (S112). In 
the system 10 of FIG. 1, the signal analyzer assembly 28 
compares the acoustic emission energy generated by repeated 
opening and closing of the door 12 to a predetermined thresh 
old to determine a crack initiation potential or status of the 
door 12, particularly at the two locations of interest 20.22. 
Should the threshold be reached or exceeded, the signal ana 
lyzer assembly 28 can actuate the alarm 58. Recording of the 
acoustic emission energy in the system 10 can be done on the 
server 60 and database 62, on the ROM 42 or through some 
other means. 

With additional reference to FIG.3, a method is shown for 
collecting and processing the acoustic emission generated 
during opening and closing of a vehicle closure and compar 
ing the same to a predetermined threshold (S104 and S106 in 
FIG. 2). As mentioned above, the repeated opening and clos 
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6 
ing of the vehicle closure at S104 includes generating acous 
tic emission during each closing impact of the vehicle closure 
(S120). Accordingly, each time the door 12 of system 10 is 
closed during an open/close durability test, measurable 
acoustic emission is generated. Each of the sensors mounted 
on the vehicle closure can senses or detect a level, particular 
to each sensor, of the generated acoustic emission (S122). 
Thus, on door 12 each of the sensors 16, 18 can detector sense 
a particular level of acoustic emission generated by the 
repeated closures of the door 12. 

With continued reference to FIG. 3, the level of acoustic 
emission energy generated for each closing impact of the 
vehicle closure and detected by each sensor can be collected 
through the one or more sensors (S124). More particularly, 
detecting the level of acoustic emission generated and col 
lecting the same includes having each sensor generate a signal 
or signals representative of the level of acoustic emission 
sensed by that sensor and routing the signal or signals gener 
ated to a signal analyzer. For example, each sensor can con 
tinuously detect a level of acoustic emission generated by or 
through the vehicle closure, generate a signal or signals rep 
resentative of the detected level, and forward or route the 
generated signal or signals to the signal analyzer. As will be 
understood and appreciated by those skilled in the art, con 
tinuous detection, generation, and routing can be done by 
repeatedly sampling the generated acoustic emission at a 
sampling rate over a period of time. In FIG. 1, collection of 
the acoustic emission generated by the repeated closures of 
the door 12 is done through the crack initiation sensors 16.18. 
In particular, the sensors 16, 18 each detect a level of acoustic 
emission generated, generate a signal or signals representa 
tive of the detected level of acoustic emission, and route the 
generated signal or signals to the signal analyzer assembly 28. 
The level of acoustic emission detected at each sensor at 

each of the one or more specific locations can be conditioned 
or filtered prior to being compared to the predetermined 
threshold (S126). The filtering can employ conditioning fil 
ters that remove or filter out frequency waveforms below a 
desired threshold, and leave waveforms having more content 
of interest. Thus, the signals routed to the signal analyzer can 
pass through filters for purposes of enhancing the acoustic 
emission represented by the signals prior to processing. In the 
system illustrated in FIG. 1, filters 46.48 can be conditioning 
filters that remove or filter out frequency waveforms below 
the desired threshold prior to the signals 16a.18a being sent to 
the microcomputer 34. Alternatively, other types of filters 
could be employed or no filters need be employed (e.g., 
filtering could be done by the microcomputer 34). 
At the signal analyzer, the signals and the acoustic emis 

sion represented thereby are processed prior to being com 
pared to the predetermined threshold (S128). More particu 
larly, the signal analyzer can process the acoustic emission 
collected via the signals to determine or generate a value 
representative of the acoustic emission generated and 
detected at each sensor at each location of interest at any given 
time. Then, the value generated at any given time (or alterna 
tively over a specific period of time) can then be compared to 
the predetermined threshold to determine the crack initiation 
status of the vehicle closure (S130). Such processing and 
comparing can be done through conventionally known sys 
tems and software as will be understood and appreciated by 
those skilled in the art and will be discussed in more detail 
below in reference to the exemplary system 10 of FIG. 1. 
When a vehicle closure begins to fail (e.g., crack) due to 

fatigue, various changes occur which can affect the dynamic 
response of the vehicle closure. For example, an increase in 
high-frequency emission may be observable and/or measur 
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able from local Zones of damage to the vehicle structure. 
More specifically, when a crack initiates or forms in a vehicle 
closure, there is typically a measurable increase in the high 
frequency local vibration (i.e., acoustic emission) in the clo 
Sure as the closure undergoes further cycles of opening and 
closing. In one example, this measurable increase can be 
caused by micro-fretting in a welded portion of the vehicle 
structure as a crack initiates and/or propagates due to fatigue. 

In view of the foregoing, the predetermined threshold is 
selected to correspond to a condition in which the closure 
structure being monitored begins to fail due to fatigue. This 
may correspond to a condition of the vehicle closure wherein 
the crack initiation potential (i.e., the likelihood that a crack 
will begin forming in the next several cycles of the durability 
test) is high. Alternatively, the threshold may correspond to a 
crack initiating in the vehicle closure or to a point in time at 
which a crack has formed and propagated to a predetermined 
amount. In this instance, the predetermined threshold would 
function as a target and crossing the predetermined threshold 
would indicate that a crack has initiated (or propagated to the 
predetermined amount). The predetermined threshold could 
also be used as representative of a trend from a baseline 
wherein similar trending by the signals representative of the 
acoustic emissions of the vehicle closure is equivalent to 
crossing the threshold. 
As already indicated, the determination that the predeter 

mined threshold has been crossed can be used to actuate an 
alarm. Actuation of an alarm can be used to alert test person 
nel as to the condition of the vehicle closure being monitored 
or could be used for some other function (e.g., ending the 
durability test). The use of an alarm as indicating that the 
vehicle closure has failed due to fatigue can have the advan 
tage of providing greater test efficiency. In particular, the 
alarm can automatically alert test personnel the exact moment 
when the vehicle closure fails, which potentially reduces the 
frequency of tear-downs required during durability testing of 
a particular vehicle closure design and better ensures that the 
vehicle closure is Sufficiently intact (e.g., not suffering any 
fatal cracks) during the entirety of the durability test. Even if 
the alarm is not triggered until Some number of cycles beyond 
crack initiation (e.g., the predetermined threshold is not and/ 
or cannot be precisely correlated to crack initiation in the 
vehicle closure), the fatigue information obtained about the 
vehicle closure may be an improvement over prior art inspec 
tion techniques and frequencies (e.g., in prior art techniques a 
vehicle closure may be invasively checked at specific inter 
vals regardless of the actual existence or non-existence of a 
crack). 

In any case, comparing the value generated by the signal 
analyzer to the predetermined threshold (S130) can deter 
mine the crack initiation status of the vehicle closure. In its 
simplest form, the crack initiation status can be either 
“cracked indicating that a crack has initiated in the vehicle 
closure or “no crack’ indicating that no crack has yet initiated 
in the vehicle closure. However, it is contemplated that the 
results of the comparison could be refined to provide more 
specific and useful information. For example, a measurable 
increase in the value generated may indicate that a crack is 
Soon to form or initiate. Also, the comparison to the prede 
termined threshold may indicate that the vehicle closure is 
expected to fail or crack within an estimated number of 
cycles. Further, the rate at which acoustic emissions increase 
or approach the predetermined threshold could yield further 
information concerning the crack initiation status of the 
vehicle closure. 

Still further, comparing the acoustic emission collected to 
the predetermined threshold can include correlating a change 
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8 
in the acoustic emission versus time to a crack propagation 
rate in the vehicle closure being monitored. Further yet, com 
paring the acoustic emission collected to the predetermined 
threshold can include determining any one or more of the 
following: a timing of when the acoustic emission exceeds the 
predetermined threshold, a count of repeated closure impacts 
of the vehicle closure when the acoustic emission exceeds the 
predetermined threshold, which particular one or more of the 
locations being monitored exceeded the predetermined 
threshold, a rate of change of the acoustic emission versus 
time, and/or a rate of change of the acoustic emission versus 
the count of repeated closure impacts of the vehicle closure. 
In the system 10, the sensor 66 could be employed to provide 
the signal analyzer assembly 28 with signals 66a for deter 
mining the count of closures of the door 12 in a particular 
durability test. 

In the exemplary system 10 of FIG. 1, the signals 16a.18a 
from the sensors 16.18 at the locations 20.22 are processed by 
the signal analyzer assembly 28. Such processing can include 
the filtering function performed by the filters 46.48 and fur 
ther includes generating values that can be compared to a 
predetermined threshold for purposes of determining the 
crack initiation potential or status of the door 12. In particular, 
the signals 16a.18a are received by the microcomputer 34 
from the filters 46.48 via the interface 36. As is known an 
understood by those skilled in the art, the microcomputer can 
use known digital signal processing methods to further filter 
the received signals in Such a way so as to enhance the acous 
tic emission content of interest. This could be accomplished 
by the signal analyzer module 52, for example. 

Next, as is also known and understood by those skilled in 
the art, specialized numerical methods can be used to post 
process the acoustic emission represented by the signals to 
return specific values for comparing to the predetermined 
threshold. This could be accomplished by the comparator 
module 56, for example. The comparator module 56 can 
further function to compare the returned values to the prede 
termined threshold to determine if the acoustic emission from 
the door 12 crosses the predetermined threshold. Should the 
returned values, which represent the acoustic emission gen 
erated by each repeated closure of the vehicle door 12, exceed 
the predetermined threshold, the comparator module 56 can 
instruct the processor 40 to send signal 58a to actuate the 
alarm 58 via interface 38. The predetermined threshold can be 
set as already described herein with respect to FIGS. 2 and 3. 
When desirable, the acoustic emission energy sensed by 

the sensors 16.18 and processed by the microcomputer 34 can 
be recorded. For example, the data recorder module 54 could 
record information related to the acoustic emission locally on 
the ROM 42 or could direct such recording to occur on a 
remote device, such as the network server 60 and/or database 
62 connected to the microcomputer 34 via network 64. Alter 
nately, or in addition, the recorder module 54 could track or 
record an increase or decrease in the acoustic emission at the 
locations 20.22 as monitored by the sensors 16.18. 

With reference now to FIG.4, an exemplary comparison of 
generated acoustic emission to a predetermined threshold 
using a time domain methodisillustrated for a vehicle closure 
undergoing durability testing. More particularly, signals from 
crack initiation sensors (such as signals 16a.18a from sensors 
16,18) are processed and values representative of the acoustic 
emission sensed by the sensors are generated. The generated 
values from each sensor can be plotted versus time as an 
acoustic emission curve, such as curve 200, which depicts the 
acoustic emission from one particular sensor Versus time. The 
illustrated curve 200 includes a series of three (3) sequential 
closures or cycles (i.e., counts) of a vehicle closure being 
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monitored, including cycle n, cycle n+1, and cycle n+2. As 
shown and expected, the amplitude of curve 200 increases 
Substantially at each time of closure or closure impact (e.g., at 
n, n+1 and n+2) and decreases between closures (such as 
during opening of the vehicle closure between closings). 

In one embodiment, the predetermined threshold T is set as 
a fixed amplitude. Such as a predetermined amount of acous 
tic emission, and can be illustrated graphically as a distance 
between two fixed threshold curves 202.204 or can simply be 
considered the fixed threshold curves 202,204. The generated 
values represented by curve 200 can be compared to the 
predetermined threshold T (or curves 202,204) to determine 
whether a crack has initiated in the vehicle closure being 
monitored. As illustrated, the curve portion 200a corresponds 
to the closure n of curve 202, the curve portion 200b corre 
sponds to the closure n+1, and the curve portion 200c corre 
sponds to the closure n+2. The amplitude of curve portions 
200a and 200b are shown as not crossing or exceeding the 
predetermined threshold T, but the curve portion 200c is 
shown as crossing or exceeding the predetermined threshold 
T at 206 and 208 indicating that a crack has initiated in the 
vehicle closure being monitored at closure or cycle n+2. 

With reference to FIG. 5, an exemplary comparison of 
generated acoustic emission to a predetermined threshold 
using a frequency domain method is illustrated for a vehicle 
closure undergoing durability testing. In this method, signals 
from crack initiation sensors (such as signals 16a.18a from 
sensors 16.18) are processed and compared to the predeter 
mined threshold. For example, processing of the signals 
received could include isolating a particular frequency band 
of interestand comparing it to the predetermined threshold. In 
FIG. 5, this is illustrated graphically by frequency versus 
acoustic emission curve 210 of which only portion 210a is 
compared to predetermined threshold 212. When the portion 
210a exceeds the predetermined threshold 212, such as 
shown, it can be determined that a crack has initiated in the 
vehicle closure under investigation. 
The exemplary embodiment or embodiments have been 

described with reference to preferred embodiments. Obvi 
ously, modifications and alterations will occur to others upon 
reading and understanding the preceding detailed descrip 
tion. It is intended that the exemplary embodiments be con 
Strued as including all Such modifications and alterations 
insofar as they come within the Scope of the appended claims 
or the equivalents thereof. 
The invention claimed is: 
1. A method for monitoring one or more specific locations 

of a vehicle closure of a vehicle for fatigue failure occurring 
during opening and closing of the vehicle closure, compris 
ing: 

Selecting a predetermined threshold corresponding to a 
condition in which a vehicle closure begins to fail due to 
fatigue; 

identifying one or more specific locations on the vehicle 
closure to be monitored; 

mounting a sensor at each of said one or more specific 
locations on said vehicle closure, wherein said sensor is 
a high-frequency acoustic emission sensor that is at least 
one of an acoustic emission accelerometer or a piezo 
electric accelerometer, 

repeatedly opening and closing said vehicle closure with 
said sensor mounted at each of said one or more specific 
locations on said vehicle closure; and 

comparing acoustic emission generated during repeated 
opening and closing of said vehicle closure to the pre 
determined threshold to determine a crack initiation sta 
tus of said vehicle closure. 
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2. The method of claim 1, wherein repeatedly opening and 

closing the vehicle closure and comparing said acoustic emis 
sion generated to said predetermined threshold includes: 

(i) generating said acoustic emission during each closing 
impact of said vehicle closure; 

(ii) detecting a level of said acoustic emission generated at 
said sensor at each of said one or more specific locations 
on said vehicle closure; 

(iii) collecting said level of acoustic emission detected at 
said sensor at each of said one or more specific locations 
on said vehicle closure; 

(iv) comparing said level at said sensor at each of said one 
or more specific locations to said predetermined thresh 
old to determine said crack initiation status of said 
vehicle closure. 

3. The method of claim 2, wherein detecting said level of 
said acoustic emission generated and collecting said level of 
acoustic emission detected includes: 

generating a signal at each sensor representative of said 
level of acoustic emission sensed by said sensor at each 
of said one or more specific locations on said vehicle 
closure; and 

routing said signal to a signal analyzer. 
4. The method of claim 2, wherein collecting said level of 

acoustic emission includes: 
filtering said level of said acoustic emission at said sensor 

at each of said one or more specific locations on said 
vehicle closure prior to comparing said level to said 
predetermined threshold. 

5. The method of claim 1, wherein comparing acoustic 
emission generated to a predetermined threshold includes: 

processing said acoustic emission prior to comparing said 
acoustic emission to said predetermined threshold to 
determine a value representative of said acoustic emis 
sion at said sensor at each of said one or more specific 
locations on said vehicle closure; and 

then comparing said value to said predetermined threshold 
to determine said crack initiation status of said vehicle 
closure. 

6. The method of claim 1, wherein identifying said one or 
more specific locations of said vehicle closure includes com 
pleting a computer aided engineering (CAE) evaluation of 
said vehicle closure to identify high-risk locations thereon. 

7. The method of claim 1 wherein said high-frequency 
acoustic emission sensor captures high frequency vibrational 
events in the range of about 1 KHZ to about 2 MHz or greater. 

8. The method of claim 1, wherein said vehicle closure is 
one of a vehicle door or a tailgate. 

9. The method of claim 8, wherein said vehicle closure is a 
passenger cabin entry door and one of said one or more 
specific locations is a connection area of said door between a 
main body portion and a forward window frame portion. 

10. The method of claim 1, further including issuing an 
alarm when said acoustic emission crosses said predeter 
mined threshold. 

11. The method of claim 1 further including recording said 
acoustic emission generated during repeated opening and 
closing of said vehicle closure. 

12. A method for determining fatigue failure in a vehicle 
closure, comprising: 

identifying at least one high risk location in a vehicle 
closure; 

positioning at least one sensor on said vehicle closure at 
each one of said at least one high risk location; 

generating acoustic emission by repeatedly closing said 
vehicle closure; 



US 7,765,073 B2 
11 

collecting said acoustic emission generated for each clos 
ing impact of said vehicle closure through said at least 
one Sensor, 

comparing said acoustic emission collected to a predeter 
mined threshold to determine a crack initiation potential 
of said vehicle closure; and 

tracking an increase or decrease in said acoustic emissions 
at said at least one high risk location for each closing 
impact. 

13. The method of claim 12 further including routing said 
at least one sensor to a signal analyzer for processing said 
acoustic emission collected and generating a value represen 
tative of the acoustic emission generated at a given time that 
is compared to said predetermined threshold. 

14. The method of claim 12, wherein each of said at least 
one sensor is an acoustic emission sensor. 

15. The method of claim 12, wherein said acoustic emis 
sion sensor is a piezoelectric accelerometer that captures high 
frequency vibrational energy. 

16. The method of claim 12, wherein said vehicle closure is 
one of a vehicle passenger cabin entry door or a tailgate, and 
wherein identifying said at least one high risk location 
includes completing a computer aided engineering evaluation 
of said one of said vehicle passenger cabin entry door or said 
tailgate. 

17. The method of claim 12 further including issuing an 
alarm when said acoustic emission collected reaches said 
predetermined threshold. 

18. The method of claim 12, wherein comparing said 
acoustic emission collected to said predetermined threshold 
includes determining at least one of a timing of when said 
acoustic emission exceeds said predetermined threshold, a 
count of repeated closure impacts of said vehicle closure 
when said acoustic emission exceeds said predetermined 
threshold, which particular one or more of said at least one 
high risk locations of interest exceeded said predetermined 
threshold, a rate of change of said acoustic emission versus 
time, and/or a rate of change of said acoustic emission versus 
said count. 

19. The method of claim 12, wherein comparing said 
acoustic emission collected to said predetermined threshold 
includes correlating a change in said acoustic emission versus 
time to a crack propagation rate in said vehicle closure. 

20. A method for monitoring one or more specific locations 
of a vehicle closure during opening and closing of the vehicle 
closure, comprising: 

(a) identifying one or more specific locations on a vehicle 
closure to be monitored; 

(b) mounting a sensor at each of said one or more specific 
locations on said vehicle closure; 

(c) repeatedly opening and closing said vehicle closure 
with said sensor mounted at each of said one or more 
specific locations on said vehicle closure; and 

(d) monitoring local vibrations sensed by said sensor 
mounted at each of said one or more specific locations at 
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each closure impact for a measurable increase evidenc 
ing crack initiation and/or propagation in said vehicle 
closure. 

21. An automated crack detection system for determining a 
crack initiation potential of a vehicle closure, said system 
comprising: 

a vehicle closure operatively mounted to a vehicle: 
one or more sensors positioned on said vehicle closure at 

one or more specific locations for monitoring acoustic 
emissions of said vehicle closure during closure thereof; 
and 

a signal analyzer assembly linked to each of said one or 
more sensors for receiving acoustic emission signals 
from said one or more sensors and comparing said sig 
nals received from said one or more sensors to a prede 
termined threshold corresponding to a condition in 
which said vehicle closure begins to fail to determine a 
crack initiation potential of said vehicle closure. 

22. The system of claim 21, wherein said signal analyzer 
assembly compares an amplitude of said signals to said pre 
determined threshold to determine said crack initiation poten 
tial of said vehicle closure. 

23. The system of claim 21, wherein said signal analyzer 
assembly includes one or more conditioning filters for filter 
ing said signals prior to comparing said signals to said pre 
determined threshold. 

24. The system of claim 21, wherein said signal analyzer 
assembly generates a FFT spectrum or time history from said 
signals and said FFT spectrum or time history is compared to 
said predetermined threshold to determine said crack initia 
tion potential of said vehicle closure. 

25. The system of claim 24 further including a data 
recorder for storing information related to said FFT spectrum 
or time history. 

26. The system of claim 21 further including an alarm that 
is actuated when said acoustic emission signals indicate that 
said acoustic emissions exceed said predetermined threshold. 

27. The system of claim 21, wherein said signal analyzer 
assembly includes: 

condition monitoring hardware including a microcom 
puter having an interface operatively connected to said 
one or more sensors for receiving said acoustic emission 
signals therefrom and one or more conditioning filters 
for processing said acoustic emission signals; and 

condition monitoring Software run by said microcomputer, 
said condition monitoring Software including a signal 
analyzer module for generating a FFT spectrum or time 
history from said acoustic emission signals, a data 
recorder module for storing information related to said 
FFT spectrum or time history and a comparator module 
for comparing said FFT spectrum or time history to said 
predetermined threshold. 


