METHOD FOR CLAMPED JOINT SEATING DETECTION

BACKGROUND OF THE INVENTION

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

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

[0002] Mechanical processes, such as a process of tightening a fastener, can
generate noisy data. For example, as a fastener is tightened the signal-to-noise ratio
can be less than desirable in signals indicating torque. As used herein, the term
“signal-to-noise ratio” refers to a ratio that compares the level of a desired signal that
is directly related to the value desired to be measured, i.e., torque, to the level of
background noise. The background noise is not directly related to the torque or angle
to be measured. Higher signal-to-noise ratios result in less accurate measurement of

torque.

[0003] It is known to monitor primary data related to torque to determine the
seating point. One problem with monitoring primary data is that calculations made
with the primary data amplify the effect of noise associated with the primary data.
Therefore, the advantage of using such a calculation to determine satisfactory

tightening can be obscured by disadvantages associated with increased noise levels.
BRIEF DESCRIPTION OF THE INVENTION

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

value has been reached.

[0005] According to one aspect of the technology described herein, a method is
provided for filtering data derived from a process wherein the data is generated by an
input of energy. The method includes these steps: collecting the data from the process

to create a parent data set; creating a first window of data; calculating an average of
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the first window of data; comparing the average of the first window of data to a first
threshold value; shifting the first window if the average has not passed the first
threshold value; creating a second window of data from the parent data set;
calculating an average of the second window of data; comparing the average of the
second window of data to the threshold value; shifting the second window if the
average of the second window of data has not passed the threshold value; and
confirming that the threshold value has been reached if the second window average

has passed the threshold value.
DETAILED DESCRIPTION OF THE INVENTION

[0006] The disclosed technology provides a method for generally finding a point
on a curve generated from noisy data. The point can be a predetermined point or
threshold value. More specifically, the disclosed technology provides a method for
analyzing noisy data generated in real time from a process where data is generated by
an input of energy, such as a mechanical, chemical, or electrical process. For example,
the method disclosed herein can be used for determining when a mechanically
fastened clamped joint is sufficiently tightened such that it is seated but has not been

over tightened such that it has entered a failure mode.

[0007] Referring now to general operation of the method, data is collected in real
time and stored such that the data can be reevaluated as necessary in successively
narrower and narrower windows. As used herein, the term “window” refers to a data
set that includes data within a predetermined range of independent variables. The
method provides a tiered approach to analyzing data. In each tier, the data is reviewed

with successively greater granularity.

[0008] In a first tier, the largest window which covers the greatest range is used to
analyze the data with the least granularity. In a second tier, a smaller window is used
to reanalyze the data of the last window of the first tier. In a third tier an even smaller
window is used to reanalyze the data of the last window of the second tier. Thus
increasingly smaller windows are used to refine information related to the location of

the threshold value. This can continue until a smallest window which includes only
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two data points. If the threshold value is between the two data points, interpolation
can be used to determine more precisely which input variable value with which the

threshold value is associated.

[0009] Referring now to a more particular description of the method, in a first
step the collecting of data is begun. Each data point is associated with an independent
variable such as time, angle, or the like and stored to form a parent data set PS. In a
second step, data within the first window is averaged. In other words, data that is
bounded by an upper independent variable value and a lower independent variable
value is averaged. The resulting average value is compared to the predetermined
value, i.e. the threshold value. The purpose of the comparison is to determine whether
the resulting average value equals or has passed the threshold value. As used herein,
the term “passed” refers to the occurrence of either data values being higher than the
threshold value where previous values were lower in the case of generally increasing
data or data values being lower than the threshold value where previous values were

higher in the case of generally decreasing data.

[0010] If the resulting average of the first window has not reached or passed the
threshold value, then the first window is shifted. In effect, when the first window is
shifted, the oldest data is dropped from the window and the newest data is added to
the window. When the method is being applied to real-time process data, the newest

data is generally the current value most recently received from the process.

[0011] If the average value of the first window has reached or passed the
predetermined value, then it can be concluded that the predetermined value occurred
within the range of independent variables included within the first window.
Accordingly, the first tier analysis is concluded and second tier analysis is begun to

more accurately determine the location of the predetermined value.

[0012] In the second tier, a second window includes a smaller range of data than
the first window. The second window is positioned such that the second window
includes the oldest data point of the first window and older data points. It should be

appreciated that the older data points were not included within the first window.
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[0013] The data is analyzed with the second window as described above with
regards to the first window. Data within the second window is averaged and compared
to the predetermined value. If the second window average has not reached the
predetermined value, the second window is incremented, i.e. moved up one data
point, and the resulting new group of data is averaged. This average is compared to
the predetermined value. If the predetermined value has not been crossed, the
incrementing of the second window is continued until it has. Thus a more precise

location of the predetermined value is determined.

[0014] The location of the predetermined value can be better understood by
repetition of the method described above using an even narrower third window and
subsequent, progressively narrower windows. Use of narrower and narrower
successive windows can continue until the range of the narrowest window includes

only two independent variables.

[0015] A hypothetical example of use of the method above will now be described
with regards to tightening a fastener of a clamped joint. The point at which the
clamped joint is seated, referred to herein as “the seating point,” can be indicated by
the inflection point of a curve indicating torque rate versus angle. A plot of torque
acceleration versus the angle further amplifies the change in signal around the seating
point relative to torque versus angle. However, utilization of a plot of torque rate
versus angle to determine whether an actual seating point has occurred is difficult
because signal noise associated with plotting torque rate versus the angle can obscure
the seating point. This effect can be even greater when plotting torque acceleration
versus the angle. According to one embodiment, the signal monitored is related to
torque vs. angle. In other embodiments, the monitored signals could relate to variables

other than torque and angle.

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

the mechanical process is occurring due to signal noise.
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[0017] To utilize the method disclosed herein, a mechanical process such as
tightening is conducted. Data generated from the process is collected, for example
using one or more sensors. According to the illustrated embodiment, an apparatus (not
shown) for tightening a clamped joint (not shown), for example including one or more
threaded fasteners, and the clamped joint are provided. For example, one or more
torquing tools such as a manual or powered wrench or driver (not shown) may be
used. The apparatus is associated with a computer processor such that data points
related to torque and angle can be collected. The computer processer also includes
storage means to retain at least one data set of multiple data points. The data set can

be manipulated mathematically as a whole or as subsets.

[0018] Data is collected in a parent data set PS as paired points that include values
representing torque (dependent variable) and angle (independent variable). Data is
collected as the fastener is tightened. The data that makes up parent data set PS can be
collected at a generally predetermined interval. However this interval might vary due
to such factors as missed data points. As a result, data within a data set can be
distributed evenly across a range of angles or unevenly across the range of angles. As
the fastener is tightened, i.e. rotated, the parent data set PS is maintained by the
computer processor. The parent data set PS developed during a tightening sequence
retains each sequential data pair collected. Thus the parent data set PS of the
illustrated embodiment might not include a predetermined number of data pairs and

the interval between the data pairs might vary.

[0019] For the purposes of detecting the seating point of a clamped joint, the rate
of change in torque versus change in angle, i.e., first derivative, is calculated between
adjacent data pairs as the parent data set PS is collected. As a result, a series of first
derivatives, where each first derivative is represented by point-to-point slope, is
generated. To generate this series of first derivatives, the differences, or change, in
torque values and angle values is determined. Next, the change in torque is divided by
the change in angle to arrive at the first derivative of torque (T) with respect to angle

(A). The first derivative for data pair 1 can be expressed mathematically as:

[0020] Dy =_len
Ai—Agi-1)



[0021] As each first derivative is determined, the new first derivative at the
current angle is averaged with the previous first derivatives over a specified angle
span ANI1 of the independent variable, i.e., first window. The angle span AN1 is a
range of angles that originates at the current angle i and extends a predetermined
number of degrees back. For example: where the angle span AN1 equals 8 degrees,
the parent data set includes data that has been collected at each degree from 1 to 20,
and the current angle is 20, the first window includes the seven first derivatives
between the data at 13, 14, 15, 16, 17, 18, 19, and 20 degrees. Values within the first
window are then averaged to generate a first average AVGI of first derivatives. The
resulting first tier average AVGI is compared to a first threshold value TV 1. It should
be appreciated that the first threshold value TV1 is chosen to indicate where the

seating point has been passed according to one embodiment.

[0022] By comparing the resulting first window average AVG] to the first
threshold value TV1, it can be determined whether the seated region represented by
the threshold value TV1 has been reached. In this regard if the first tier average
AVG1 does not meet or exceed the first threshold value TV, the next data point is
collected and a new first tier average AVGI is determined. If the first tier average
AVGI1 does meet or exceed the threshold value TV1, an initial determination that the

seating point has been reached can be made.

[0023] A more precise location of the threshold value TV1, i.e., which angle
threshold value TV1 is associated with, can be determined by utilizing a second-tier
calculation as described above. In the second-tier calculation, a second window is
utilized for analysis of the parent data set. In the second-tier an initial second window
includes the first data point within the first window and preceding data points. Data
within the second window is averaged and compared to the threshold value TV1 to
determine whether it meets or exceeds the threshold value TV1. The second window
average AVG2 is calculated as described above with regards to AVGI. The second
angle span AN2 of the second window is smaller than the first angle span AN1 of the
first window. This process can be continued successive tiers with successively smaller
windows and angle spans AN3, AN4, etc. Alternatively, the process can be stopped
after a predetermined number of the iterations such as after the third tier average is

-6-



determined.

[0024] When the process of determining tiered averages is stopped, the range past
the seating point can be identified as locations on the curve where the final window
average equals or exceeds the threshold value TV 1. If the final window average
exceeds the threshold value TV1 then the seating point can be more precisely
determined by interpolating between the point where the first threshold value TV1 is

exceeded and the previous point.

[0025] A restatement of the disclosed process to determine or locate the
predetermined point TV1 from a noisy data set follows. As the fastener is tightened,
the following steps are conducted: (A) collecting and analyzing the parent data set PS
and processing it to calculate first derivatives; (B) determining in a first-tier the first
window average of first derivatives AVG1; (C) comparing the first tier average
AVG1 to the first threshold value TV1 (D) repeating steps B and C until the first
window average AVGI1 has passed the threshold value TV1; (E) calculating in a
second tier at least one second window average AVG2 when the first tier average
AVGI is greater than the first threshold value TV1; (F) comparing the second tier
average AVG2 to the threshold value TV1; and (G) confirming that the fastener is
seated when the second tier averageAVG?2 is greater than the threshold value TV1. It
is noted that further steps of calculating a third tier average AVG3 and higher can be
added as described above to further verify the seating point.

[0026] According to an alternative method of filtering data, whether the seating
point has been passed or obtained can be further confirmed by use of second
derivatives and filtering as follows. The first derivatives associated with each data
point are calculated as described above. Each first derivative is averaged with the
previous first derivatives over a first window. This operation results in a first
derivative average. After each first derivative average is calculated, a second
derivative of torque based on point-to-point slope between adjacent first derivative
averages Y1 is calculated. This is known as the second derivative of torque with
respect to angle and can be averaged. The second derivatives can then be averaged

and compared to a second derivative threshold value for further noise reduction.
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[0027] The disclosed technology provides another method for filtering noisy data.
According to this method, second derivatives are isolated from averaged first
derivatives and the resulting second derivatives are averaged for being compared with
a threshold value. This method can be used together with the tiered method described
above to further confirm the location of a predetermined value. It should be
appreciated that the following second derivative method can be used on a stand-alone
basis to the data as well. Such a process would include the following steps: (A)
collecting and analyzing a parent data set PS and processing it to calculate first
derivatives; (B) averaging first derivatives within a first specified angle span
associated with a current angle to generate a first derivative average; (C) determining
the rate of change between the first derivative average associated with the current
angle and a first derivative average associated with the previous angle to generate a
second derivative of torque based on point-to-point slope between adjacent first
derivative averages; (D) averaging second derivatives within a second specified angle
span associated with a current angle to generate a second derivative average; and (E)
comparing the resulting second derivative average to a second derivative threshold

value.

[0028] The disclosed technology provides methods for filtering data to locate a
value on a curve generated by data from a process such as a mechanical process.
According to the illustrated embodiment this value can be a point used in the
determination of whether a clamped joint is seated. This method includes the steps of
collecting data that is more noisy than conventional data and analyzing it in tiers. In
this way, a more accurate determination of the location of the value can be made in
comparison with conventional methods. Regarding whether a clamped joint is seated,
the disclosed method provides advantages over prior art methods which are limited to
determining whether a clamped joint is seated using less precise data that is less likely
to be noisy. This disclosed methods also provide a means for using second derivatives
to detect when a joint is seated over prior art methods which are limited to first

derivatives.

[0029] The foregoing has described a method for filtering noisy data and more
specifically for determining when a clamped joint is seated. All of the features
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disclosed in this specification (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or process so disclosed, may be
combined in any combination, except combinations where at least some of such

features and/or steps are mutually exclusive.

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

series of equivalent or similar features.

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

any method or process so disclosed.



WHAT IS CLAIMED IS:

1. A method for filtering data derived from a process wherein the data is generated by

an input of energy, the method comprising the steps of:

collecting the data from the process to create a parent data set that includes data
points each having a dependent variable and an independent variable associated therewith;

creating a first window of data from the parent data set, the first window spanning
from a first data point to an end data point;

calculating an average of the first window of data;

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

shifting the first window if the average has not passed the threshold value and

repeating the steps of calculating and comparing;

creating a second window of data from the parent data set if the first window average
has passed the threshold value, the second window being smaller than the first window and
initially including the first data point of the first window and at least one data point preceding

the first data point in time if the first window average has passed the threshold value;
calculating an average of the second window of data;
comparing the average of the second window of data to the threshold value;
shifting the second window if the average of the second window of data has not
passed the threshold value and repeating the steps of calculating an average of the second

window and comparing the average of the second window to the threshold value;

confirming that the threshold value has been reached if the second window average

has passed the threshold value; and

ceasing the input of energy after confirming that the threshold value has been

reached.
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2. The method according to claim 1, further comprising the step of analyzing the data

of the parent data set as it is collected.

3. The method according to claim 2, further comprising the step of processing the data
of the parent data set to calculate first derivatives of the dependent variables.

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

5. The method according to claim 4, wherein the average of the second window of data
is based upon a second predetermined range of independent variables that is smaller than
the first predetermined range of independent variables and at least overlaps the first

predetermined range of independent variables.

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

predetermined range of independent variables.

7. The method according to claim 6, wherein the second predetermined range of
independent variables spans from a first data point to an end data point, and wherein the
third window of data initially overlaps the first data point of the second predetermined range
of independent variables.

8. The method according to claim 1, wherein the energy is mechanical energy.

9. The method according to claim 1, wherein the energy is chemical energy.

10. The method according to claim 1, wherein the energy is electrical energy.

11. A method for determining whether a process of tightening a clamped joint has been

completed, the method comprising the steps of:

collecting data from the process of tightening to form a first data set comprised of

data points;
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calculating, for each pair of adjacent data points of the first data set, a first derivative

between the adjacent data points;

calculating a first tier average from the first data set, the first tier average being
indicative of an average of the calculated first derivatives calculated between adjacent data
points of the first data set;

incrementing the first data set and repeating the calculating step if the first tier
average is less than a threshold value, wherein when the first data set is incremented, an
oldest data point is dropped from the first data set and a new data point is added to the first

data set;

calculating a second tier average if the first tier average is greater than the threshold

value;

determining that the process of tightening a clamped joint has been completed if the

second tier average is greater than the threshold value;

determining, if the second tier average is greater than the threshold value, a seating
point of the clamped joint by interpolating between the second tier average and the first tier

average; and
ceasing the tightening of the clamped joint or applying an additional predetermined

amount of tightening after confirming that the threshold value has been reached.

12. The method according to claim 11, wherein incrementing the first data set comprises
calculating a first derivative for a new data point and repeating calculating the first tier
average for the first data set using the calculated first derivative associated with the new

data point.

13. The method according to claim 12, wherein the dependent variable represents torque

and the independent variable represents angle.

14. The method according to claim 11, further comprising:
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when the first tier average is greater than the threshold value, creating a second
window that shares at least one data point with the data points of the first data set and

includes at least two data points of the data; and

calculating a first derivative for each of the at least two data points,

wherein the second tier average is indicative of an average of the calculated first
derivatives associated with the at least two data points.

15. The method according to claim 11, wherein the first tier average is based upon data
pairs that represent a first predetermined range of independent variables.

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

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

17. The method according to claim 16, wherein a third tier average is based upon a third
predetermined range of independent variables that is smaller than the second predetermined
range of independent variables and includes at least one independent variable from the

second predetermined range of independent variables.

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

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

processing the parent data set to calculate first derivatives between adjacent pairs of

data;

averaging first derivatives within a first specified angle span to generate a first

derivative average;

determining a rate of change between the first derivative average associated with the
current angle and a first derivative average associated with a previous angle to generate a
second derivative of torque based on point-to-point slope between adjacent first derivative

averages;
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averaging second derivatives within a second specified angle span associated with a

current angle to generate a second derivative average;

comparing the resulting second derivative average to a second derivative threshold

value;

determining that the process of finding a seating point of a clamped joint has been
completed if the second derivative average is greater than the second derivative threshold

value;
determining, if the second derivative average is greater than the second derivative
threshold value, a seating point by interpolating between the second derivative average and

the first derivative average; and

ceasing a tightening of the clamped joint or applying an additional predetermined

amount of tightening after confirming that the threshold value has been reached.
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