METHOD FOR CLAMPED JOINT SEATING DETECTION

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method for logad predetermined
point on a mathematical curve developed from ndatg and more specifically to a

method utilizing tiered moving averages to deteemimen a clamped joint is seated.

[0002] Mechanical processes, such as a process of tigigtarfiastener, can
generate noisy data. For example, as a fastetightened the signal-to-noise ratio
can be less than desirable in signals indicatingue As used herein, the term
“signal-to-noise ratio” refers to a ratio that ccangs the levedf a desired signal that
is directly related to the value desired to be mess i.e., torque, to the level of
background noise. The background noise is not ttjreglated to the torque or angle
to be measured. Higher signal-to-noise ratios t@suéss accurate measurement of

torque.

[0003] Itis known to monitor primary data related to wweqo determine the
seating point. One problem with monitoring primdata is that calculations made
with the primary data amplify the effect of noissaciated with the primary data.
Therefore, the advantage of using such a calcul&tiaetermine satisfactory

tightening can be obscured by disadvantages a$sdaidth increased noise levels.
BRIEF DESCRIPTION OF THE INVENTION

[0004]  This problem is addressed by a method for usingtaverage derived
from a parent data set to determine when a thrdsiadlie has been reached and
using a second average derived from the parentsgata confirm that the threshold

value has been reached

[0005]  According to one aspect of the technology descrimdin, a method is
provided for filtering data derived from a procedserein the data is generated by an
input of energy. The method includes these stapkeating the data from the process

to create a parent data set; creating a first windbdata; calculating an average of
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the first window of data; comparing the averagheffirst window of data to a first
threshold value; shifting the first window if theesilage has not passed the first
threshold value; creating a second window of datanfthe parent data set;
calculating an average of the second window of;datanparing the average of the
second window of data to the threshold value; isigifthe second window if the
average of the second window of data has not pdkedtireshold value; and
confirming that the threshold value has been redditée second window average
has passed the threshold value.

DETAILED DESCRIPTION OF THE INVENTION

[0006] The disclosed technology provides a method for gdiydinding a point

on a curve generated from noisy data. The poinbeaa predetermined point or
threshold value. More specifically, the disclosechinology provides a method for
analyzing noisy data generated in real time frgoncgess where data is generated by
an input of energy, such as a mechanical, chenacalectrical process. For example,
the method disclosed herein can be used for detergwhen a mechanically
fastened clamped joint is sufficiently tightenedlsthat it is seated but has not been

over tightened such that it has entered a failurdem

[0007] Referring now to general operation of the methadads collected in real
time and stored such that the data can be reeedlastnecessary in successively
narrower and narrower windows. As used hereintehma “window” refers to a data
set that includes data within a predetermined rarigedependent variables. The
method provides a tiered approach to analyzing diatach tier, the data is reviewed

with successively greater granularity.

[0008] In a first tier, the largest window which covere tireatest range is used to
analyze the data with the least granularity. le@osd tier, a smaller window is used
to reanalyze the data of the last window of thet tiler. In a third tier an even smaller
window is used to reanalyze the data of the lastlaiv of the second tier. Thus
increasingly smaller windows are used to refinermiation related to the location of

the threshold value. This can continue until a sgsailvindow which includes only
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two data points. If the threshold value is betweentwo data points, interpolation
can be used to determine more precisely which iaauaable value with which the

threshold value is associated.

[0009] Referring now to a more particular descriptioribed method, in a first
step the collecting of data is begun. Each datatpeiassociated with an independent
variable such as time, angle, or the like and dttwdorm a parent data set PS. In a
second step, data within the first window is averhdn other words, data that is
bounded by an upper independent variable valuadoder independent variable
value is averaged. The resulting average valuerngared to the predetermined
value, i.e. the threshold value. The purpose ottmparison is to determine whether
the resulting average value equals or has pasedtirgshold value. As used herein,
the term “passed” refers to the occurrence of eitlaga values being higher than the
threshold value where previous values were lowénéncase of generally increasing
data or data values being lower than the threskallge where previous values were

higher in the case of generally decreasing data.

[0010] If the resulting average of the first window has reached or passed the
threshold value, then the first window is shiftedeffect, when the first window is
shifted, the oldest data is dropped from the win@oa the newest data is added to
the window. When the method is being applied tb-tiese process data, the newest
data is generally the current value most receettgived from the process.

[0011] If the average value of the first window has reactepassed the
predetermined value, then it can be concludedttieapredetermined value occurred
within the range of independent variables includétiin the first window.
Accordingly, the first tier analysis is concludattiasecond tier analysis is begun to

more accurately determine the location of the pexdened value.

[0012] Inthe second tier, a second window includes alema@nge of data than
the first window. The second window is positionedtsthat the second window
includes the oldest data point of the first windamd older data points. It should be

appreciated that the older data points were ndadec within the first window.
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[0013] The data is analyzed with the second window asritiestabove with
regards to the first window. Data within the secanddow is averaged and compared
to the predetermined value. If the second windoaragye has not reached the
predetermined value, the second window is increatgnte. moved up one data

point, and the resulting new group of data is ayeda This average is compared to
the predetermined value. If the predetermined vahgenot been crossed, the
incrementing of the second window is continuedlunhkias. Thus a more precise

location of the predetermined value is determined.

[0014] The location of the predetermined value can besbetiderstood by
repetition of the method described above usingvan @arrower third window and
subsequent, progressively narrower windows. Useabwer and narrower
successive windows can continue until the rangbeharrowest window includes

only two independent variables.

[0015] A hypothetical example of use of the method aboNemaw be described
with regards to tightening a fastener of a clamped. The point at which the
clamped joint is seated, referred to herein as Sdading point,” can be indicated by
the inflection point of a curve indicating torquae versus angle. A plot of torque
acceleration versus the angle further amplifiesctienge in signal around the seating
point relative to torque versus angle. Howevelizatiion of a plot of torque rate
versus angle to determine whether an actual septimg has occurred is difficult
because signal noise associated with plotting torgte versus the angle can obscure
the seating point. This effect can be even gresiten plotting torque acceleration
versus the angle. According to one embodimentsidpgal monitored is related to
torque vs. angle. In other embodiments, the magoteignals could relate to variables

other than torque and angle.

[0016] The method utilizes tiered averages to more clahigtyinguish value
changes, such as differences in slope, that ademtiwhen comparing a section of
the curve prior to the seating point with the setof curve after the seating point.
The location along the curve at which the valuenglea can be difficult to detect as

the mechanical process is occurring due to sigoiaken
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[0017]  To utilize the method disclosed herein, a mechdpicecess such as
tightening is conducted. Data generated from tloegss is collected, for example
using one or more sensors. According to the ildustt embodiment, an apparatus (not
shown) for tightening a clamped joint (not shown),example including one or more
threaded fasteners, and the clamped joint are gedviFor example, one or more
torquing tools such as a manual or powered wrenchier (not shown) may be

used. The apparatus is associated with a comprgeegsor such that data points
related to torque and angle can be collected. dhepater processer also includes
storage means to retain at least one data setloplawata points. The data set can

be manipulated mathematically as a whole or asetsibs

[0018] Data is collected in a parent data set PS as ppords that include values
representing torque (dependent variable) and gimglependent variable). Data is
collected as the fastener is tightened. The datantiakes up parent data set PS can be
collected at a generally predetermined intervaleher this interval might vary due

to such factors as missed data points. As a refath, within a data set can be
distributed evenly across a range of angles oremig\across the range of angles. As
the fastener is tightened, i.e. rotated, the patatd set PS is maintained by the
computer processor. The parent data set PS dedethpig a tightening sequence
retains each sequential data pair collected. Tieiparent data set PS of the

illustrated embodiment might not include a predeteed number of data pairs and

the interval between the data pairs might vary.

[0019] For the purposes of detecting the seating poiat@émped joint, the rate
of change in torque versus change in angle, irst,derivative, is calculated between
adjacent data pairs as the parent data set P8dsted. As a result, a series of first
derivatives, where each first derivative is repnése by point-to-point slope, is
generated. To generate this series of first devest the differences, or change, in
torque values and angle values is determined. Nlextzhange in torque is divided by
the change in angle to arrive at the first derxeadf torque (T) with respect to angle
(A). The first derivative for data pair i can bepegssed mathematically as:

[0020] Dy =-—(2

Ai=Agi—1y



[0021] As each first derivative is determined, the newstftterivative at the
current angle is averaged with the previous fiestvditives over a specified angle
span ANL1 of the independent variable, i.e., firstdew. The angle span AN1 is a
range of angles that originates at the currenteanghd extends a predetermined
number of degrees back. For example: where theeapgin AN1 equals 8 degrees,
the parent data set includes data that has bektienl at each degree from 1 to 20,
and the current angle is 20, the first window idelsi the seven first derivatives
between the data at 13, 14, 15, 16, 17, 18, 1928raegrees. Values within the first
window are then averaged to generate a first aeeddf>1 of first derivatives. The
resulting first tier average AVG1 is compared tirst threshold value TV1. It should
be appreciated that the first threshold value T8/@hiosen to indicate where the

seating point has been passed according to oneckmdat.

[0022] By comparing the resulting first window average AV® the first
threshold value TV1, it can be determined whethersieated region represented by
the threshold value TV1 has been reached. In dgard if the first tier average
AVGL1 does not meet or exceed the first thresholdevdV1, the next data point is
collected and a new first tier average AVGL is dateed. If the first tier average
AVG1 does meet or exceed the threshold value TWini#ial determination that the

seating point has been reached can be made.

[0023] A more precise location of the threshold value TMA.,, which angle
threshold value TV1 is associated with, can berdeted by utilizing a second-tier
calculation as described above. In the seconddileulation, a second window is
utilized for analysis of the parent data set. | dkcond-tier an initial second window
includes the first data point within the first wowl and preceding data points. Data
within the second window is averaged and comparéhke threshold value TV1 to
determine whether it meets or exceeds the threstadle TV1. The second window
average AVG2 is calculated as described aboveneghards to AVG1. The second
angle span AN2 of the second window is smaller tharfirst angle span AN1 of the
first window. This process can be continued sudeesgers with successively smaller
windows and angle spans AN3, AN4, etc. Alternativéie process can be stopped
after a predetermined number of the iterations sischifter the third tier average is
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determined.

[0024]  When the process of determining tiered averags®gped, the range past
the seating point can be identified as locationghencurve where the final window
average equals or exceeds the threshold value MYHE final window average
exceeds the threshold value TV1 then the seatiitg pan be more precisely
determined by interpolating between the point whieesfirst threshold value TV1 is

exceeded and the previous point.

[0025] A restatement of the disclosed process to deterormihecate the
predetermined point TV1 from a noisy data set fetioAs the fastener is tightened,
the following steps are conducted: (A) collectimgl@nalyzing the parent data set PS
and processing it to calculate first derivativé; determining in a first-tier the first
window average of first derivatives AVGL1; (C) compg the first tier average
AVGL to the first threshold value TV1 (D) repeatistgps B and C until the first
window average AVG1 has passed the threshold viditie (E) calculating in a
second tier at least one second window average AWIgh the first tier average
AVGL1 is greater than the first threshold value TYR), comparing the second tier
average AVG2 to the threshold value TV1; and (Gificming that the fastener is
seated when the second tier averageAVG2 is graerthe threshold value TV1. It
is noted that further steps of calculating a thied average AVG3 and higher can be
added as described above to further verify tharggabint.

[0026]  According to an alternative method of filtering @atvhether the seating
point has been passed or obtained can be furtidiroed by use of second
derivatives and filtering as follows. The first detives associated with each data
point are calculated as described above. Eachdistative is averaged with the
previous first derivatives over a first window. $huperation results in a first
derivative average. After each first derivativerage is calculated, a second
derivative of torque based on point-to-point slbpéveen adjacent first derivative
averages Y1 is calculated. This is known as thersgderivative of torque with
respect to angle and can be averaged. The secamdtikes can then be averaged

and compared to a second derivative threshold faluerther noise reduction.
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[0027] The disclosed technology provides another methodlfering noisy data.
According to this method, second derivatives askated from averaged first
derivatives and the resulting second derivativesageraged for being compared with
a threshold value. This method can be used togetitiethe tiered method described
above to further confirm the location of a predeti@ed value. It should be
appreciated that the following second derivativehoé can be used on a stand-alone
basis to the data as well. Such a process woulddacdhe following steps: (A)
collecting and analyzing a parent data set PS awmxkpsing it to calculate first
derivatives; (B) averaging first derivatives wittarfirst specified angle span
associated with a current angle to generate ad@svative average; (C) determining
the rate of change between the first derivativeaye associated with the current
angle and a first derivative average associatdd thé previous angle to generate a
second derivative of torque based on point-to-psliope between adjacent first
derivative averages; (D) averaging second derigatwithin a second specified angle
span associated with a current angle to genersgeand derivative average; and (E)
comparing the resulting second derivative averagedecond derivative threshold

value.

[0028] The disclosed technology provides methods forrfiitggedata to locate a
value on a curve generated by data from a processas a mechanical process.
According to the illustrated embodiment this vata® be a point used in the
determination of whether a clamped joint is seaidis method includes the steps of
collecting data that is more noisy than conventiolaga and analyzing it in tiers. In
this way, a more accurate determination of thetlonaof the value can be made in
comparison with conventional methods. Regardingtiadrea clamped joint is seated,
the disclosed method provides advantages over arionethods which are limited to
determining whether a clamped joint is seated ulgsg precise data that is less likely
to be noisy. This disclosed methods also provideans for using second derivatives
to detect when a joint is seated over prior artyo@s which are limited to first

derivatives.

[0029] The foregoing has described a method for filterioggy data and more
specifically for determining when a clamped jomteated. All of the features
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disclosed in this specification (including any aoganying claims, abstract and
drawings), and/or all of the steps of any methogrocess so disclosed, may be
combined in any combination, except combinationsnelat least some of such

features and/or steps are mutually exclusive.

[0030] Each feature disclosed in this specification (idelg any accompanying
claims, abstract and drawings) may be replacedtbgnative features serving the
same, equivalent or similar purpose, unless exjyretzted otherwise. Thus, unless
expressly stated otherwise, each feature disclissaige example only of a generic

series of equivalent or similar features.

[0031] The invention is not restricted to the detailsha foregoing
embodiment(s). The invention extends to any nowel or any novel combination, of
the features disclosed in this specification (idatg any accompanying claims,
abstract and drawings), or to any novel one, orreawel combination, of the steps of

any method or process so disclosed.



WHAT IS CLAIMED IS:

1. A method for filtering data derived from a presewherein the data is
generated by an input of energy, the method comgribe steps of:

collecting the data from the process to createranpadata set that includes
pairs of dependent and independent variables;

creating a first window of data from the parentadset;

calculating an average of the first window of data;

comparing the average of the first window of data first threshold value;

shifting the first window if the average has nosged the first threshold value
and repeating the steps of calculating and comgarin

creating a second window of data from the paretd dat that is smaller than
the first window and shares at least one data paitfit the first window if the first
window average has passed the first threshold yalue

calculating an average of the second window of;data

comparing the average of the second window of teatle threshold value;

shifting the second window if the average of theosel window of data has
not passed the threshold value and repeating ¢ips sff calculating an average of the
second window and comparing the average of thensewondow to the threshold
value; and

confirming that the threshold value has been rehdhéhe second window

average has passed the threshold value.

2. The method according to claim 1, further compggshe step of analyzing
the data of the parent data set as it is collected.

3. The method according to claim 2, further compggshe step of processing

the data of the parent data set to calculatedest/atives of the dependent variables.

4. The method according to claim 3, wherein theaye of the first window
of data is based upon data that represent a fiestepermined range of independent

variables.
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5. The method according to claim 4, wherein theraye of the second
window of data is based upon a second predetermarege of independent variables
that is smaller than the first predetermined ramfg@dependent variables and at least

overlaps the first predetermined range of independariables.

6. The method according to claim 5, wherein anayerof a third window of
data is based upon a third predetermined rangenddpendent variables that is
smaller than the second predetermined range ofpertient variables and at least

overlaps the second predetermined range of indepéndriables.

7. The method according to claim 1, further compgghe step of:

ceasing the input of energy after it is confirmbdttthe threshold value has

been reached.

8. The method according to claim 7, wherein thegynes mechanical energy.

9. The method according to claim 7, wherein thegynis chemical energy.

10. The method according to claim 7, wherein thergpis electrical energy.

11. A method for determining whether the processigiftening a clamped
joint has been completed, the method comprisingtiyes of:

collecting data from the process of tighteningdmf a first data set;

calculating a first tier average from the firstalaget;

incrementing the first data set and repeating theutating step if the first tier
average is less than a threshold value;

calculating a second tier average if the first Bgerage is greater than the
threshold value; and

determining that the process of tightening a claimpet has been completed

if the second tier average is greater than thesliaoid value.
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12. The method according to claim 11, wherein thia @ in the form of pairs

of dependent and independent variables.

13. The method according to claim 12, further casipg a step of calculating
a first derivative for adjacent data pairs such tha first the data set includes first

derivatives.

14. The method according to claim 11, wherein tre fier average is based

upon data pairs that represent a first predetehmiarege of independent variables.

15. The method according to claim 14, wherein theosd tier average is
based upon a second predetermined range of indeperdriables that is smaller
than the first predetermined range of independantbles and includes at least one

independent variable that is in the first predeteed range of independent variables.

16. The method according to claim 15, wherein edthier average is based
upon a third predetermined range of independerialviags that is smaller than the
second predetermined range of independent variadmhek includes at least one

independent variable from the second predeternrizuegle of independent variables.

17. The method according to claim 12, wherein tlepetident variable

represents torque and the independent variablesepts angle.

18. A method for filtering noisy data, the methaxinprising the steps of:

collecting a parent data set from a torquing todilevtorquing a fastener
through a range of angles;

processing the parent data set to calculate fesvatives between adjacent
pairs of data,

averaging first derivatives within a first speaifiangle span to generate a first
derivative average;

determining a rate of change between the firstved@vie average associated
with the current angle and a first derivative agerassociated with a previous angle
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to generate a second derivative of torque basegbamnt-to-point slope between
adjacent first derivative averages;

averaging second derivatives within a second spelcdngle span associated
with a current angle to generate a second derwawerage; and

comparing the resulting second derivative average tsecond derivative

threshold value.
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