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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure is generally related to
evaluating used components.

BACKGROUND

[0002] During structural inspection and maintenance
of aircraft, aircraft components are inspected, measured,
and compared to pre-determined (e.g., original or as-de-
signed) allowable limits, such as design tolerances. For
example, a component is measured by hand by a main-
tenance technician using measuring tools (e.g., calipers,
micrometers, scales, hull gauges, etc.). The measure-
ments are compared to design tolerances (e.g., design
tolerances indicated by 3D models or 2D blueprints) of
the component. If the measurements are not within the
design tolerances, the measurements are sent to struc-
tural engineers (who may be offsite) for analysis. The
analysis may indicate that the component is to be reused,
repaired, or scrapped. Additionally, because of the com-
plexity of the analysis, the structural engineers may re-
quest more measurements to complete the analysis,
which extends the inspection and maintenance cycle
time. This structural inspection and maintenance process
is time consuming and enables little to no reuse of the
complex analysis done for the component or for similar
components of the same type.
[0003] WO 2016/053743 A1 in the abstract states "A
system and method of detecting, quantifying, and char-
acterizing corrosion and degradation of an article, in-
cludes receiving signals indicative of a stack of images
of a surface of the article; determining depth and nature
of features in the stack of images; generating a surface
model of the article in response to the determination of
the depth and the nature of features; determining fea-
tures of interest from the surface model; comparing the
features of interest with predetermined information on
the article; and characterizing the article as corroded or
degraded in response to the comparisons of the features
of interest."
[0004] EP 3264341 A1 in the abstract states "A system
and method of detecting damage to a component (20)
may include a first sensor (12) and a processor (16). The
method may include the steps of receiving, by the proc-
essor (16), a first data for the component (20) from a first
sensor (12), aligning, by the processor (16), the first data
with a reference model (22), determining, by the proces-
sor (16), a feature dissimilarity between the first data and
the reference model (22), classifying, by the processor
(16), the feature dissimilarity, and determining, by the
processor (16), a probability that the feature dissimilarity
indicates damage to the component (20)."
[0005] US 2013/166458 A1 in the abstract states
"Structural analysis automation allows the implementa-
tion of more detailed or accurate analysis methodology

that reflects the actual behavior of the damaged or re-
paired structure and consequently improves the resulting
damage disposition for example by Increasing the allow-
able damages and structural repairs applicability, in-
creasing the allowable damage limits causing the reduc-
tion of unnecessary installation of structural repairs, op-
timizing repairs and increasing fly-by periods and inspec-
tion intervals."
[0006] US 2007/061109 A1 in the abstract states "Sys-
tems and techniques to assess damage. A damage re-
porting module may allow a user to provide information
indicative of a damage description and damage location.
The damage reporting module may create a data object
based on the information. The data object may be used
to compare the damage event to one or more historical
damage events. The data object may be used in an anal-
ysis module to automatically determine disposition infor-
mation (e.g., repair information)."
[0007] US 2007/010923 A1 in the abstract states "A
device according to the present invention comprises: a
central unit (8) having access to a database (18) in which
there are stored not only information on the aircraft fleet
to be managed but also an aircraft repair manual, this
central unit (8) having means of communicating with the
outside, and in particular with a technical center (16) of
at least one aircraft manufacturer, at least one portable
device equipped with visual display means as well as
with means of wireless communication between the said
portable device and the central unit (8). Application to
the analysis of damage observed in an aircraft during
inspection thereof."
[0008] Steven A Chisholm ET AL: "Forty years of struc-
tural durability and damage tolerance at Boeing commer-
cials airplanes", Boeing Technical Journal, 17 May 2017
(2017-05-17), XP055495669, boeing.com."
[0009] The present invention is set out in the independ-
ent claims, with some optional features set out in the
claims dependent thereto.

SUMMARY

[0010] In a particular implementation, a method in-
cludes receiving three-dimensional (3D) measurement
data based on a measurement of a first used component
of a particular component type. The method also includes
performing a comparison of the 3D measurement data
to in-service tolerances associated with the particular
component type, the in-service tolerances determined
based on a measurement of at least a second used com-
ponent of the particular component type and an evalua-
tion of structural characteristics of the second used com-
ponent. The method further includes generating, based
on the comparison, an output indicating whether the first
used component is acceptable for reuse.
In another particular implementation, a system includes
a measuring device and a computing device. The meas-
uring device is configured to generate 3D measurement
data based on a measurement of a first used component
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of a particular component type. The computing device is
configured to perform a comparison of the 3D measure-
ment data to in-service tolerances associated with the
particular component type, the in-service tolerances de-
termined based on measurement of at least a second
used component of the particular component type and
evaluation of structural characteristics of the second
used component. The computing device is further con-
figured to generate, based on the comparison, an output
indicating whether the first used component is acceptable
for reuse.
[0011] In another particular implementation, a non-
transitory processor-readable medium stores processor-
executable instructions that, when executed by a proc-
essor, cause the processor to receive 3D measurement
data based on scanning a first used component of a par-
ticular component type. The instructions also cause the
processor to perform a comparison of the 3D measure-
ment data to in-service tolerances associated with the
particular component type, the in-service tolerances de-
termined based on measurement of at least a second
used component of the particular component type and
evaluation of structural characteristics of the second
used component. The instructions further cause the proc-
essor to generate, based on the comparison, an output
indicating whether the first used component is acceptable
for reuse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 is a block diagram that illustrates an example
of a system for evaluating a component for reuse;

FIG. 2 is a flow chart of an example of a method for
evaluating a component for reuse;

FIG. 3 is a flow chart of an example of a method for
performing an evaluation of structural characteristics
of a component;

FIG. 4 is a flow diagram of another example of a
method for performing an evaluation of a used com-
ponent;

FIG. 5 is a flow diagram of an example of comparing
dimensions of a used component to in-service toler-
ances;

FIG. 6 is a flow diagram of another example of com-
paring dimensions of a used component to in-service
tolerances; and

FIG. 7 is an illustration of a block diagram of a com-
puting environment including a general purpose
computing device configured to evaluate a compo-
nent for reuse according to the present disclosure.

DETAILED DESCRIPTION

[0013] Implementations described herein are directed
to a system and method for inspection and maintenance
of components of a platform. The platform includes or
corresponds to an aircraft, a spacecraft, a ship, a building,
a bridge, an oil rig, a power plant, a chemical plant, etc.
A measuring device (e.g., a three dimensional (3D) laser
scanner) scans a particular component of the platform
to generate 3D measurement data (e.g., a point cloud).
By using a measuring device (e.g., an automated meas-
uring device) to determine the 3D measurement data, an
accuracy of the measurements of the particular compo-
nent is increased (e.g., reduces human error) and more
measurement data can be generated within a particular
period of time as compared to measuring by hand. Ad-
ditionally, using a measuring device to determine the 3D
measurement data may reduce occurrences of remeas-
uring the particular component because of incomplete
data. Accordingly, an accuracy of models and simula-
tions of the components, generated based on the 3D
measurement data, is increased and inspection and
maintenance cycle time may be decreased.
[0014] In addition, the 3D measurement data may in-
clude metadata, such as location information (e.g., a lo-
cation where the measurements were taken), component
identification information, platform identification informa-
tion, timestamp information, etc. The metadata may en-
able storage, retrieval, and reuse of the 3D measurement
data. For example, the metadata may enable the 3D
measurement data to be utilized to reduce occurrences
of measuring the component at future maintenance and
inspection intervals or to predict in-service tolerances for
new components with no maintenance history.
[0015] In a particular implementation, a computer re-
ceives the 3D measurement data of the particular com-
ponent and performs a comparison of the 3D measure-
ment data (or a 3D model generated based on the 3D
measurement data) to in-service tolerances. The in-serv-
ice tolerances are generated after original, as-designed
tolerances and based on measurements and evaluations
of one or more components that are similar to the partic-
ular component (e.g., the same component type). Thus,
the in-service tolerances represent deviations from the
original, as-designed tolerances. For example, the in-
service tolerances are generated at least based on a
structural analysis of a second particular component of
a similar platform (e.g., the same platform type). To illus-
trate, second 3D measurement data of the second par-
ticular component is used to generate a second 3D model
of the second particular component. Static strength and
fatigue simulations are performed on the second 3D mod-
el of the second particular component and the results are
compared to operational characteristics (e.g., load and
fatigue) of the part. Additionally, the in-service tolerances
for the particular component (e.g., the component type)
are updated based on structural analysis of other similar
components of the component type.
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[0016] The computer generates, based on the com-
parison, an output that indicates a disposition of the par-
ticular component. For example, the computer generates
an output indicating that the particular component is ac-
ceptable for reuse in the platform, that the particular com-
ponent is to be evaluated, that the particular component
is to be repaired, or that the particular component is to
be scrapped.
[0017] If the particular component is acceptable for re-
use, the particular component is installed (e.g., rein-
stalled) on the platform or a similar platform. A simulation
of the 3D model of the component (or a test of the par-
ticular component) is not performed because the partic-
ular component complies with in-service tolerances gen-
erated based on simulations or testing of other compo-
nents of the same type. By using in-service tolerances,
an amount of evaluations (e.g., simulated analysis of 3D
models or tests of physical components) of components
may be reduced, and inspection and maintenance cycle
time may be decreased.
[0018] If the output indicates that the particular com-
ponent is to be evaluated, a 3D model of the particular
component is generated, and static strength and fatigue
simulations are performed on the 3D model of the par-
ticular component. The results of the evaluation are com-
pared to operational characteristics (e.g., load and fa-
tigue) of the particular component and the in-service tol-
erances may be updated based on the result (e.g., if the
particular component meets or exceeds the performance
requirements).
[0019] If the output indicates that the particular com-
ponent is to be repaired, the particular component may
be scanned (e.g., rescanned) after the repair is per-
formed to determine whether the repaired component is
compliant with the in-service tolerances. The in-service
tolerances may be stored on a server or in a database
and be accessible to maintenance personnel at multiple
locations to enable the multiple locations to utilize up to
date in-service tolerances.
[0020] FIG. 1 illustrates an example of a diagram 100
of system 101 for evaluating used components for re-use
in a platform. The system 101 may enable evaluation of
used components, generation of in-service tolerances,
and updating of the in-service tolerances. The system
101 includes a measuring system 102, a structural anal-
ysis device 104, and a database 106. FIG. 1 depicts an
example of the system 101 evaluating a component 110
of a platform 108. Although one measuring system and
one structural analysis device are illustrated in FIG. 1, in
other implementations, the system 101 includes multiple
measuring systems and multiple structural analysis de-
vices.
[0021] The component 110 is a used component that
includes deviations from an original as-designed or man-
ufactured component (e.g., an unused component). To
illustrate, the component 110 has wear, damage, or both,
causing variance from the as-designed component and
as-designed tolerances 192. The platform 108 includes

or corresponds a complex system with multiple compo-
nents, including the component 110, and has relatively
long operational life. One or more of the multiple compo-
nents of the platform 108 may have an operational life
that is less than the operational life of the platform 108
or may incur damage or wear during operation of the
platform 108. Accordingly, one or more of the multiple
components are evaluated and replaced over the oper-
ational life of the platform 108. As illustrative examples,
the platform 108 may include or correspond to an aircraft,
a spacecraft, a ship, a building, a bridge, an oil rig, a
power plant, or a chemical plant.
[0022] The measuring system 102 includes a measur-
ing device 112 and a computing device 114 configured
to be coupled via an interface 116. The measuring device
112 (e.g., a 3D measuring device) includes a processor
122, a memory 124, and a sensor 126. The memory 124
is configured to store 3D measurement data 162 gener-
ated by the measuring device 112. The measuring device
112 is configured to measure the component 110 using
the sensor 126 and to generate the 3D measurement
data 162. The measuring device 112 includes or corre-
sponds to 3D laser scanning device, a contact measure-
ment device, an optical measurement device, coordinate
measuring machine, an electronic bore gauge, or a com-
bination thereof. The measuring device 112 may be fixed,
portable, or handheld, and may include wired communi-
cation capabilities, wireless communication capabilities,
or both. In some implementations, the measuring device
112 is configured to measure the component 110 while
the component 110 is installed on the platform 108. In
other implementations, the measuring device 112 is con-
figured to measure the component 110 after the compo-
nent 110 has been partially uninstalled or completely un-
installed from the platform 108. In a particular implemen-
tation, the 3D measurement data 162 generated by the
measuring device 112 includes or corresponds to a point
cloud. In other implementations, the 3D measurement
data 162 may include or correspond to probe measure-
ments or scan data.
[0023] In some implementations, the 3D measurement
data 162 includes metadata, such as location information
(e.g., a location where the measurements were taken),
component identification information, platform identifica-
tion information, timestamp information, etc. The meta-
data may enable storage, retrieval, and reuse of the 3D
measurement data 162. For example, the 3D measure-
ment data 162 may be reused for future evaluations of
the component 110 based on at least the component
identification information. As another example, the 3D
measurement data 162 may be compared with updated
3D measurement data, which is generated based on
measuring (e.g., remeasuring) the component 110,
based on at least the component identification informa-
tion. Additionally, the 3D measurement data 162 may
also be utilized to generate in-service tolerances for a
new component type that is similar to the component 110
based at least on the component identification informa-

5 6 



EP 3 421 929 B1

5

5

10

15

20

25

30

35

40

45

50

55

tion and the platform identification information.
[0024] The computing device 114 is configured to re-
ceive the 3D measurement data 162 via the interface
116. The interface 116 is configured to transfer data be-
tween the measuring device 112 and the computing de-
vice 114. The interface 116 may include or correspond
to a wireless interface or a wired interface of the comput-
ing device 114. In a particular implementation, the inter-
face 116 is an input/output (I/O) interface, such as uni-
versal serial bus (USB) interface.
[0025] The computing device 114 includes a processor
132, a memory 134, and a display 136. The memory 134
is configured to store the 3D measurement data 162, in-
service tolerances 172, and a component disposition out-
put 182.
[0026] The in-service tolerances 172 include in-service
tolerances for multiple types of components and plat-
forms. For example, a particular set of in-services toler-
ances of the in-service tolerances 172 corresponds to a
particular type of component of one or more platforms.
The in-service tolerances 172 include dimensional toler-
ances of the component 110, such as length tolerances,
width tolerances, height tolerances, area tolerances, vol-
ume tolerances, or a combination thereof. In some im-
plementations, the in-service tolerances 172 includes tol-
erances for overall dimensions (e.g., exterior dimen-
sions) of the component 110, for dimensions of sub-com-
ponents (e.g., interior dimensions) of the component 110,
or a combination thereof. The in-service tolerances 172
may include a value (e.g., a positive value threshold or
a negative value threshold) or range of values (e.g., 0.997
to 1.003, commonly referred to as 1 inch + or - 0.003
inches), or a combination thereof.
[0027] Additionally or alternatively, the in-service tol-
erances 172 includes tolerances for wear (abrasion,
warping, delaminating, etc.) of the component 110 and
for damage (punctures, rips, etc.) to the component 110.
As an illustrative example, the in-service tolerances 172
include a degree of warping tolerance. As another exam-
ple, the in-service tolerances 172 include a depth toler-
ance of a puncture and a corresponding cross-sectional
area tolerance of the puncture. Different depth puncture
tolerances may have different corresponding cross-sec-
tional area tolerances. In some implementations, the in-
service tolerances 172 include "positive" or "acceptable"
tolerances. To illustrate, the positive tolerances indicate
a dimension at which the component 110 can be repaired,
can be reused, or both. For example, the positive toler-
ance indicates when a structural characteristic of the
component 110 satisfies an operational threshold. Addi-
tionally or alternatively, the in-service tolerances 172 in-
clude "negative" or "replace" tolerances. To illustrate, the
negative tolerances indicate a dimension at which the
component 110 cannot be repaired, cannot be reused,
or both. For example, the negative tolerance indicates
when a structural characteristic of the component 110
would fail to satisfy an operational threshold.
[0028] The in-service tolerances 172 are generated af-

ter the as-designed (e.g., original or manufacturing) tol-
erances 192 are determined during design and manu-
facture of the component. The in-service tolerances 172
are generated based on analysis and testing of the com-
ponent 110 and operational thresholds (e.g., a load
threshold, a fatigue threshold, etc.). For example, the in-
service tolerances 172 are determined based on a meas-
urement of at least a second used component of the par-
ticular component type and an evaluation of structural
characteristics of the second used component. The eval-
uation includes simulated analysis, non-destructive test-
ing, destructive testing, or a combination thereof.
[0029] The computing device 114 is also configured to
perform a comparison of the 3D measurement data 162
to the in-service tolerances 172 associated with a partic-
ular component type of the component 110. For example,
the processor 132 determines dimensions of the compo-
nent 110 based on the 3D measurement data 162 and
compares the dimensions of the component 110 to the
in-service tolerances 172. Alternatively, the computing
device 114 is configured to perform a comparison of 3D
model data 164 (generated based on the 3D measure-
ment data 162) to the in-service tolerances 172.
[0030] The computing device 114 is further configured
to generate the component disposition output 182 based
on the comparison. The component disposition output
182 output indicates one or more of whether the compo-
nent 110 is to be reused, evaluated, repaired, or replaced
(e.g., scrapped). To illustrate, the processor 132 gener-
ates the component disposition output 182 indicating the
used component is to be reused when the dimensions
of the component 110 satisfy the in-service tolerances
172. As another illustration, the processor 132 generates
the component disposition output 182 indicating the used
component is to be evaluated when one or more of the
dimensions of the component 110 fail to satisfy the in-
service tolerances 172.
[0031] The display 136 is configured to output the com-
ponent disposition output 182. When the component dis-
position output 182 output indicates that the component
110 is to be re-used, the component 110 may be installed
in the platform 108 or another platform (e.g., another plat-
form of the same platform type). In a particular imple-
mentation, the component disposition output 182 indi-
cates a suggested repair parameter (e.g., a type of repair,
an amount of repair, etc.).
[0032] In FIG. 1, the measuring system 102 further in-
cludes a network interface 118 configured to communi-
cate with the structural analysis device 104 and the da-
tabase 106. To illustrate, the measuring system 102 is
configured to transmit the 3D measurement data 162,
the 3D model data 164, or both, to a remote device (e.g.,
the structural analysis device 104). In some implemen-
tations, the measuring system 102 transmits the 3D
measurement data 162, the 3D model data 164, or both,
to the structural analysis device 104 when the component
disposition output 182 indicates that at least one meas-
urement of the component 110 does not satisfy the in-
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service tolerances 172 or indicates that the component
110 is to be evaluated. The measuring system 102 is
configured to receive the in-service tolerances 172, in-
service tolerance updates, or both, from the database
106. Additionally or alternatively, the measuring system
102 is configured to receive the tolerance updates from
the structural analysis device 104. The network interface
118 may include or correspond to a wireless network
interface, a wired network interface, or both. In a partic-
ular implementation, the network interface 118 is includ-
ed in the computing device 114.
[0033] The structural analysis device 104 is configured
to perform an evaluation of structural characteristics of
3D models of used components to generate data indi-
cating at least one structural characteristic of the used
components. In some implementations, the structural
analysis device 104 is configured to compare the at least
one structural characteristic to at least one structural
characteristic threshold of the component 110. The struc-
tural analysis device 104 is configured to generate a sec-
ond component disposition output. The second disposi-
tion output may indicate whether the component 110 is
to be reused, repaired, or scrapped.
[0034] The structural analysis device 104 includes a
processor 142, a memory 144, and a network interface
148. The memory 144 is configured to store a simulation
application 146, the 3D measurement data 162, and the
3D model data 164. The processor 142 is configured to
execute the simulation application 146. In some imple-
mentations, the simulation application 146 is configured
to generate the 3D model data 164 based on the 3D
measurement data 162. In other implementations, the
structural analysis device 104 receives the 3D model da-
ta 164 from the computing device 114. In a particular
implementation, the simulation application 146 includes
a computer-aided engineering (CAE) application, a com-
puter-aided manufacturing (CAM) application, or a prod-
uct lifecycle management (PLM) application, such as
Catia®, a registered trademark of Dassault Systemes,
or Siemens NX® (previously known as Unigraphics), a
registered trademark of Siemens PLM Software.
[0035] The simulation application 146 is configured to
perform simulated structural analysis (e.g., finite element
analysis, static analysis, etc.) on the 3D model data 164
to generate the data indicating at least one structural
characteristic of the component 110. For example, the
simulation application 146 may perform finite element
analysis and static analysis to generate a load rating, a
fatigue rating, or both. The simulation application 146 is
configured to compare the at least one structural char-
acteristic to at least one structural characteristic thresh-
old of the component 110. For example, the load rating
is compared to a load threshold (e.g., 1.5 times an oper-
ational load experienced by the component 110 while the
platform 108 is in operation). Additionally or alternatively,
the fatigue rating is compared to a fatigue threshold (e.g.,
a number of cycles until next inspection or retirement of
the component). The load rating and the fatigue rating

may be stored on the memory 144. Additionally or alter-
natively, the load rating and the fatigue rating may be
retrieved or received from the database 106. In other
implementations, the at least one structural characteristic
is compared to the at least one structural characteristic
threshold of the component 110 by a user.
[0036] In some implementations, the simulation appli-
cation 146 is configured to generate a second component
disposition output based on the comparison (e.g., a sec-
ond comparison). In such implementations, the structural
analysis device 104 sends the second component dis-
position output to the measuring system 102 via the net-
work interface 148. The second component disposition
output may indicate that the component 110 meets or
exceeds operating and safety thresholds and is approved
for reuse (e.g., continued service). In other implementa-
tions, the simulation application 146 is configured to gen-
erate output data that is used to determine or generate
the second component disposition output. In such imple-
mentations, the second component disposition output
may be generated based on user input. Additionally or
alternatively, the second component disposition output
may be generated by the measuring system 102 based
on the output data.
[0037] In some implementations, the structural analy-
sis device 104 is further configured to generate a toler-
ance update 174 based on the dimensions of the com-
ponent 110, the in-service tolerances 172, or both, as
described further with reference to FIG. 4. The in-service
tolerances 172 represent minimum or maximum dimen-
sions of previously evaluated components that meet or
exceed operating and safety thresholds. The tolerance
update 174 represents an updated minimum or maximum
dimension that meets or exceeds operating and safety
thresholds based on the evaluation of the component
110. Additionally or alternatively, the in-service toleranc-
es 172 represent the minimum or maximum dimensions
of previously evaluated components that do not meet op-
erating and safety thresholds.
[0038] The tolerance update 174 may be generated
responsive to performing the second comparison. For
example, the structural analysis device 104 generates
the tolerance update 174 based on the determined struc-
tural characteristics satisfying the thresholds (e.g., meet-
ing or exceeding operating and safety thresholds). Addi-
tionally or alternatively, the tolerance update 174 is gen-
erated responsive to the generation of the second com-
ponent disposition. For example, the structural analysis
device 104 generates the tolerance update 174 indicating
that the component 110 is to be repaired or reused. The
tolerance update 174 indicates a new in-service toler-
ance for the component 110 or indicates a modification
to an existing in-service tolerance or an as-designed tol-
erance of the as-designed tolerances 192. For example,
a particular tolerance update may indicate a new volume
in-service tolerance (e.g., 221 inches cubed), a modifi-
cation (e.g., 4.8 inches to 4.6 inches) to an existing height
in-service tolerance, or both.
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[0039] In such implementations where the structural
analysis device 104 generates the tolerance update 174,
the structural analysis device 104 sends the tolerance
update 174 to the database 106 via the network interface
148. In a particular implementation, the structural analy-
sis device 104 sends the tolerance update 174 to the
database 106 based on the structural analysis or the sec-
ond component disposition output indicating that the
component 110 meets or exceeds operating and safety
thresholds and is approved for reuse (e.g., continued
service). Additionally, the structural analysis device 104
may send the tolerance update 174 to the measuring
system 102 via the network interface 148. In other im-
plementations, the measuring system 102 generates the
tolerance update 174 responsive to receiving the second
disposition output, output data, user input, or a combina-
tion thereof.
[0040] The database 106 includes a processor 152, a
memory 154, and a network interface 158. The database
106 is configured to store and update the in-service tol-
erances 172. For example, the processor 152 is config-
ured to generate or modify the in-service tolerances 172
based on the tolerance update 174. The database 106
is configured to be accessible to the measuring system
102 (e.g., the computing device 114) and the structural
analysis device 104. In some implementations, the da-
tabase 106 is configured to store 3D measurement data,
such as the 3D measurement data 162. The database
106 may store, sort, retrieve, or a combination thereof,
the 3D measurement data based on corresponding meta-
data. In such implementations, the database 106 may
also store disposition information related to the 3D meas-
urement data 162, such as a disposition indicated by a
corresponding component disposition output. In a partic-
ular implementation, the disposition information is stored
in the metadata of the corresponding 3D measurement
data. In some implementations, the database 106 is con-
figured to store 3D measurement data for components
that are indicated as acceptable for reuse by a corre-
sponding component disposition output. In such imple-
mentations, the database 106 may not store 3D meas-
urement data for components that are not indicated as
acceptable for reuse.
[0041] The network interface 158 is configured to com-
municate with the measuring system 102 (e.g., the com-
puting device 114) and the structural analysis device 104.
For example, the database 106 receives tolerance up-
dates from the measuring system 102 (e.g., the comput-
ing device 114), the structural analysis device 104, or
both. Additionally, the database 106 may send or push
(e.g., send responsive to receiving the tolerance up-
dates) the tolerance updates to the measuring system
102 (e.g., the computing device 114), the structural anal-
ysis device 104, or both.
[0042] During operation, the measuring device 112
measures (or scans) the component 110 using the sen-
sor 126 and generates the 3D measurement data 162.
The computing device 114 receives the 3D measurement

data 162 via the interface 116. The computing device
114 compares the 3D measurement data 162 to the in-
service tolerances 172 based on a type (e.g., component
type, platform type, or both) of the component 110. Al-
ternatively, the computing device 114 generates the 3D
model data 164 based on the 3D measurement data 162
and compares the 3D model data 164 to the in-service
tolerances 172 based on the type (e.g., component type,
platform type, or both) of the component 110. To illus-
trate, the processor 132 determines dimensions of the
component 110 from the 3D measurement data 162 or
the 3D model data 164. The processor 132 compares
the dimensions of the component 110 to the in-service
tolerances 172 (e.g., a set of in-service tolerances of the
in-service tolerances 172 corresponding to a type of the
component 110). The computing device 114 generates
the component disposition output 182 based on the com-
parison and displays the component disposition output
182 via the display 136. To illustrate, when the dimen-
sions of the component 110 satisfy (e.g., are within) the
in-service tolerances 172, the component disposition
output 182 indicates that the component 110 is to be
reused (e.g., reinstalled in the platform 108, installed in
another similar platform, or not be repaired or replaced).
[0043] When one or more dimensions of the compo-
nent 110 exceed (e.g., do not satisfy) the in-service tol-
erances 172, the component disposition output 182 in-
dicates that the component 110 is to be evaluated, re-
paired, or replaced (e.g., or scrapped). For example, the
component disposition output 182 indicates that the com-
ponent 110 is to be evaluated when a length dimension
of the component 110 does not satisfy (e.g., is not within
a range of acceptable length values) the in-service tol-
erances 172 or when no corresponding in-service toler-
ance exists. As another example, the component dispo-
sition output 182 indicates that the component 110 is to
be repaired when the length dimension of the component
110 does not satisfy (e.g., is not within) a first length tol-
erance of the in-service tolerances 172 and satisfies
(e.g., is within a range of repairable length values) a sec-
ond length tolerance of the in-service tolerances 172. As
yet another example, the component disposition output
182 indicates that the component 110 is to be replaced
when the length dimension of the component 110 does
not satisfy the first or the second length tolerance, as
described with reference to FIGS. 4-6.
[0044] To evaluate the component 110, the computing
device 114 sends the 3D measurement data 162 or the
3D model data 164 to the structural analysis device 104
via the network interface 118. In implementations where
the 3D measurement data 162 is received by the struc-
tural analysis device 104, the structural analysis device
104 generates the 3D model data 164 based on the 3D
measurement data 162. To illustrate, the processor 142
executes the simulation application 146 to generate the
3D model data 164. The structural analysis device 104
performs a simulated structural analysis on the 3D model
data 164 utilizing the simulation application 146 to deter-

11 12 



EP 3 421 929 B1

8

5

10

15

20

25

30

35

40

45

50

55

mine one or more structural characteristics of the com-
ponent 110. For example, the processor 142 executes
the simulation application 146 to perform a finite element
analysis, a static analysis, or a combination thereof, to
determine a load rating (e.g., a shear rating, a strain rat-
ing, or both), a fatigue rating (e.g., a number of cycles),
or a combination thereof, of the component 110. Alter-
natively, the component 110 is evaluated using non-de-
structive testing.
[0045] The structural analysis device 104 generates a
second component disposition output based on compar-
ing the determined structural characteristics of the com-
ponent 110 to the operational thresholds. To illustrate,
the structural analysis device 104 performs a comparison
of the load rating and the fatigue rating to the load thresh-
old and the fatigue threshold. The structural analysis de-
vice 104 sends the second component disposition output
to the measuring system 102 via the network interface
148. The computing device 114 displays the second com-
ponent disposition output. The second component dis-
position output may indicate that the component 110 is
to be reused, repaired, or replaced. For example, when
the load rating satisfies (e.g., exceeds) the load threshold
and the fatigue rating satisfies (e.g., exceeds) the fatigue
threshold, the second disposition output indicates that
the component 110 is to be reused. As another example,
when either the load rating fails to satisfy (e.g., fails to
exceed) the load rating or the fatigue rating fails to satisfy
(e.g., fails to exceed) the fatigue threshold, the second
disposition output indicates that the component 110 is to
be repaired or replaced.
[0046] In some implementations, the structural analy-
sis device 104 generates the tolerance update 174 based
on the dimensions of the component 110. For example,
when the load rating satisfies (e.g., exceeds) the load
threshold and the fatigue rating satisfies (e.g., exceeds)
the fatigue threshold, the structural analysis device 104
generates the tolerance update 174 based on the dimen-
sion of the component 110. As another example, when
either the load rating fails to satisfy (e.g., fails to exceed)
the load rating or the fatigue rating fails to satisfy (e.g.,
fails to exceed) the fatigue threshold, the structural anal-
ysis device 104 generates the tolerance update 174 (e.g.,
a tolerance update for a negative tolerance) based on
the dimension of the component 110. The structural anal-
ysis device 104 sends the tolerance update 174 to the
database 106 via the network interface 148. The data-
base 106 modifies (e.g., updated) the in-service toler-
ances 172 based on the tolerance update 174. Addition-
ally, the structural analysis device 104 may send the tol-
erance update 174 to the measuring system 102 via the
network interface 148. Thus, the dimensions of the com-
ponent 110 are stored as the in-service tolerances 172
for comparison against components evaluated in the fu-
ture.
[0047] When the component 110 is to be reused, the
component 110 is reinstalled in the platform 108 or in-
stalled in another similar platform. When the component

110 is to be repaired (e.g., refurbished), the component
110 may be repaired by hand or by an automated ma-
chine. In some implementations, the second disposition
output indicates a parameter of the repair. For example,
the second disposition output indicates a type of repair,
a dimension of the repair, or a combination thereof. To
illustrate, the second disposition output indicates that a
1 inch fill repair is to be performed on the component
110. After the component 110 is repaired, the component
110 may be measured (remeasured) by the measuring
system 102 and a third comparison may be performed
to verify that the dimensions of the repaired component
are within the in-service tolerances 172. If the dimensions
of the repaired component are not within the in-service
tolerances 172, the repaired component may be
scrapped or reevaluated (e.g., by the structural analysis
device 104). In a particular implementation, the measur-
ing system 102 is located at an airport or a maintenance
facility, and the structural analysis device 104 is located
at an engineering facility. In other implementations, the
measuring system 102 and the structural analysis device
104 are integrated into one system.
[0048] By using the measuring device 112 to determine
the 3D measurement data 162, an accuracy of the meas-
urements of the component 110 is increased (e.g., the
likelihood of human error is reduced) and more meas-
urement data can be generated within a particular time
period as compared to measuring by hand. Additionally,
using the measuring device 112 to determine the 3D
measurement data 162 may reduce occurrences of re-
measuring the component 110 because of incomplete
data. Further, by determining the 3D measurement data
162, a 3D model can be generated that enables compar-
ing dimensions of the component 110 to the in-service
tolerances 172. Accordingly, an accuracy of models and
simulations of components, generated based on 3D
measurement data, is increased and inspection and
maintenance cycle time may be decreased.
[0049] By using in-service tolerances, an amount of
evaluations (e.g., simulated analysis of 3D models or
tests of physical components) of components may be
reduced and maintenance cycle time may be decreased.
For example, when a particular used component satisfies
previously established in-service tolerances (based on
evaluations of similar components), the particular com-
ponent may be reused without evaluation, thus reducing
maintenance cycle time. As more components are eval-
uated by the system 101, the likelihood that a particular
component is to be evaluated decreases (e.g., it is more
likely that a new component satisfies existing in-service
tolerances established based on previous evaluations).
[0050] In addition, if the component 110 on the platform
108 has been evaluated by the system 101 previously,
analysis can be done prior to submitting (e.g., induction
of) the platform 108 for inspection. For example, if the
component 110 has been previously repaired, it is pos-
sible to determine that the previous repair combined with
visual evidence of new wear or damage renders the com-
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ponent unfit for further repair prior to induction. In this
case, a replacement component (which may have long
acquisition or lead times) can be ordered prior to submit-
ting the platform 108 for inspection to allow the platform
108 to remain in service and reduce downtime of the
platform 108. Additionally, in-service tolerances for new
components and new platform may be generated based
on 3D measurements, evaluations, in-service toleranc-
es, or a combination thereof, of other similar components
and similar platforms.
[0051] FIG. 2 illustrates a method 200 of evaluating a
used component for reuse (e.g., continued service). The
method 200 may be performed by the system 101, the
measuring system 102, the computing device 114, or the
processor 132 of FIG. 1. The method 200 includes, at
202, receiving three-dimensional (3D) measurement da-
ta based on a measurement of a first used component
of a particular component type. For example, the meas-
uring device 112 measures the component 110 and gen-
erates the 3D measurement data 162. The computing
device 114 receives the 3D measurement data 162 from
the measuring device 112 or a memory, such as the
memory 124 or the memory 134, as explained with ref-
erence to FIG. 1. The measuring device 112 may include
or correspond to a laser measurement device, an optical
measurement device, a coordinate measurement ma-
chine, or a contact based measurement device.
[0052] The method 200 of FIG. 2 includes, at 204, per-
forming a comparison of the 3D measurement data to in-
service tolerances associated with the particular compo-
nent type, the in-service tolerances determined based
on a measurement of at least a second used component
of the particular component type and an evaluation of
structural characteristics of the second used component.
For example, the measuring device 112 performs a com-
parison of the 3D measurement data 162 or the 3D model
data 164 (generated based on the 3D measurement data
162) to the in-service tolerances 172, as explained with
reference to FIG. 1. The second used component in-
cludes or corresponds to a previously evaluated used
component. The second used component may be eval-
uated by the structural analysis device 104 of FIG. 1 and
is evaluated prior to performing the comparison, as de-
scribed with reference to FIGS. 1 and 3. In some imple-
mentations, the evaluation includes a result of a simulat-
ed structural analysis of a 3D model of the second used
component, a non-destructive test of the second used
component, a destructive test of the second used com-
ponent, or a combination thereof. In some implementa-
tions, the structural characteristics include a load rating
and a fatigue rating (e.g., a number of cycles or a fatigue
load limit).
[0053] In some implementations, the evaluation of the
second component is performed based on determining
that second 3D measurement data exceeds a particular
as-designed tolerance of as-designed tolerances. One
or more particular in-service tolerances of the in-service
tolerances 172 are determined based on a simulation of

a 3D model of the second component satisfying a load
threshold and a fatigue threshold.
[0054] The in-service tolerances may include or corre-
sponds to subset of in-service tolerances of the in-service
tolerances 172. The subset of in-service tolerances may
be associated with the particular component type, similar
component types, similar platforms, or both. The in-serv-
ice tolerances 172 differ from as-designed or original tol-
erances and the in-service tolerances 172 have been
generated (and updated) based on previous evaluations
of components of similar types and of similar platforms.
The evaluations of the components of similar component
types and of similar platforms may be performed by mul-
tiple different devices (e.g., the structural analysis device
104 of FIG. 1 and other structural analysis devices of the
system 101).
[0055] The method 200 of FIG. 2 includes, at 206, gen-
erating, based on the comparison, an output indicating
whether the first used component is acceptable for reuse.
For example, the computing device 114 generates the
component disposition output 182 based on the compar-
ison, as described with reference to FIG. 1. The compo-
nent disposition output 182 indicates whether the first
used component meets the in-service tolerances 172
previously determined for that type of component. The
component disposition output 182 may indicate that the
component 110 is to be reused, evaluated, repaired, or
replaced (e.g., scrapped), as described with reference
to FIG. 1.
[0056] In some implementations, when the output in-
dicates that the first used component is acceptable for
reuse, the first used component is installed on a platform.
In a particular implementation, the platform is an aircraft.
In other implementations, the platform is a spacecraft, a
ship, a building, a bridge, an oil rig, a power plant, or a
chemical plant.
[0057] In some implementations, the method 200 fur-
ther includes sending the 3D measurement data to a
structural analysis device to perform a second evaluation
of structural characteristics of the first used component
based on the 3D measurement data when the output
indicates that first used component is not acceptable for
reuse. For example, the computing device 114 sends the
3D measurement data 162 to the 3D model data 164 to
the structural analysis device 104, as described with ref-
erence to FIG. 1.
[0058] In other implementations, the method 200 fur-
ther includes, when the output indicates that first used
component is not acceptable for reuse, performing a sec-
ond evaluation of structural characteristics of the first
used component. For example, the computing device
114 performs the second evaluation on the 3D measure-
ment data 162 to the 3D model data 164, as described
with reference to FIG. 1.
[0059] In some implementations performing the sec-
ond evaluation includes performing a finite element anal-
ysis to determine a load rating and a fatigue rating. Per-
forming the second evaluation also includes performing
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a second comparison of the load rating and the fatigue
rating to a load threshold and a fatigue threshold. Per-
forming the second evaluation further includes outputting
a result of the second comparison.
[0060] In some implementations, the method 200 fur-
ther includes, generating, based on a second evaluation
of structural characteristics of the first used component,
a second output indicating that the first used component
is acceptable for reuse.
[0061] In some implementations, the method 200 fur-
ther includes, sending update data to a database. The
update data causes the database to update the in-service
tolerances based on the second evaluation, the 3D
measurement data, or both. For example, the computing
device 114 or the structural analysis device 104 gener-
ates the tolerance update 174 and either of the computing
device 114 or the structural analysis device 104 sends
the tolerance update 174 to the database 106, as de-
scribed with reference to FIG. 1.
[0062] In some implementations, the method 200 fur-
ther includes, displaying, based on a second evaluation
of structural characteristics of the first used component,
a second output indicating that the first used component
is to be repaired. For example, the display 136 of the
computing device 114 outputs or displays the second
component disposition output, as described with refer-
ence to FIG. 1. In some implementations, an output (e.g.,
the first output or the second output) further indicates that
the first used component is to be repaired. In a particular
implementation, the output further indicates a repair pa-
rameter, as described with reference to FIG. 1.
[0063] In some implementations, the method 200 fur-
ther includes, in response to the second output indicating
that first used component is not acceptable for reuse,
generating or updating a rejection threshold. For exam-
ple, the computing device 114 or the structural analysis
device 104 may generate or update a particular in-service
tolerance that indicates when the component 110 has a
dimension or a structural characteristic that is not accept-
able for reuse, as described with reference to FIG. 1.
[0064] In a particular implementation, the memory 134
stores processor-executable instructions that, when ex-
ecuted by a processor, cause the processor 132 to re-
ceive the 3D measurement data 162 based on a meas-
urement of the component 110 of a particular component
type. The instructions also cause the processor 132 to
perform a comparison of the 3D measurement data 162
to the in-service tolerances 172 associated with the par-
ticular component type. The in-service tolerances 172
are determined based on measurement of at least a sec-
ond used component of the particular component type
and evaluation of structural characteristics of the second
used component. The instructions further cause the proc-
essor 132 to generate, based on the comparison, an out-
put indicating whether the first used component is ac-
ceptable for reuse. In some implementations, the in-serv-
ice tolerances comprise multi-dimensional tolerances
(e.g., area or volume tolerances).

[0065] FIG. 3 is a flow chart of an example of a method
300 for performing an evaluation of structural character-
istics of a component. The method 300 may be performed
by the system 101, the measuring system 102, the com-
puting device 114, the processor 132, the structural anal-
ysis device 104, or the processor 142 of FIG. 1. The meth-
od 300 includes, at 302, performing a simulated structural
analysis on a 3D model of a component to determine at
least one structural characteristic of the component, the
3D model generated based on 3D data of the component
obtained by a 3D measurement device. For example, the
computing device 114 or the structural analysis device
104 performs a finite element analysis and a static anal-
ysis on the 3D model data 164 using the simulation ap-
plication 146 to generate structural characteristics, as
described with reference to FIG. 1.
[0066] The method 300 includes, at 304, performing a
comparison of the at least one structural characteristic
to at least one structural characteristic threshold of the
component. For example, the computing device 114 or
the structural analysis device 104 compares the load rat-
ing to the load threshold and compares the fatigue rating
to the fatigue threshold, as described with reference to
FIG. 1. In other implementations, the comparison is per-
formed by a user.
[0067] The method 300 includes, at 306, generating,
based on the comparison, an output indicating whether
the component is acceptable for reuse. For example, the
computing device 114 or the structural analysis device
104 generates the second component disposition output,
as described with reference to FIG. 1. In some imple-
mentations, the second component disposition output is
generated based on user input.
[0068] FIG. 4 is a flow diagram 400 of an example of
a method of performing an evaluation of a used compo-
nent (e.g., the component 110). The diagram 400 illus-
trates operations that may be performed by the comput-
ing device 114. The diagram 400 includes, at 402, com-
paring dimensions of the component 110 to the in-service
tolerances 172. The dimensions may be determined from
the 3D measurement data 162 or the 3D model data 164.
The diagram 400 includes, at 404, determining whether
the dimensions satisfy the in-service tolerances 172. The
diagram 400 includes, at 406, responsive to determining
that the dimensions satisfy the in-service tolerances 172,
generating an output indicating that the component 110
should be reused, repaired, or replaced, as described
further with reference to FIGS. 5 and 6.
[0069] The diagram 400 includes, at 408, responsive
to determining that the dimensions satisfy the in-service
tolerances 172, performing an evaluation to determine
structural characteristics of the component 110. The di-
agram 400 includes, at 410, comparing the structural
characteristics of the component 110 to the structural
characteristics thresholds. The diagram 400 includes, at
412, determining whether the structural characteristics
satisfy the structural characteristic thresholds, as de-
scribed with reference to FIGS. 1 and 3.
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[0070] The diagram 400 includes, at 414, responsive
to determining that the structural characteristics satisfy
the structural characteristic thresholds, generating an
output indicating that the component 110 should be re-
used. The diagram 400 includes, at 416, responsive to
determining that the structural characteristics satisfy the
structural characteristic thresholds, generating one or
more tolerance updates based on the dimensions of the
component 110, the in-service tolerances 172, or both.
For example, dimensions of the component 110 are com-
pared to the in-service tolerances 172 to determine which
particular dimension(s) of component 110 exceed the in-
service tolerances 172. Alternatively, the particular in-
service tolerances not satisfied during the comparison of
the dimensions to the in-service tolerances 172 are up-
dated. The tolerance updates 174 may indicate a change
to the in-service tolerances 172 or a replacement value
for the in-service tolerances 172. For example, when
modifying a particular in-service tolerance of 1 inch to 3
inches, the tolerance update 174 may include a change
value of "+5,08 cm" ("+2 inches") (e.g., the original toler-
ance of 2,54 cm plus +5,08 cm = 7,62 cm (1 inch plus +2
inches = 3 inches)) or a replacement value of "7,62 cm"
("3 inches"). The one or more tolerance updates are sent
to the database 106 and used to update the in-service
tolerances 172.
[0071] The diagram 400 includes, at 418, responsive
to determining that the structural characteristics fail to
satisfy the structural characteristic thresholds, generat-
ing an output indicating that the component 110 should
be repaired or replaced, as described with reference to
FIGS. 1 and 3. In some implementations when the com-
ponent 110 is indicated as to be repaired, non-destructive
testing is performed on the component 110 to validate
the simulated analysis. Additionally or alternatively, when
the component 110 is indicated as to be replaced, de-
structive testing is performed on the component 110 to
validate the simulated analysis.
[0072] FIG. 5 is a flow diagram 500 of an example of
comparing dimensions of a used component to in-service
tolerances. The diagram 500 illustrates operations that
may be performed by the computing device 114. The
diagram 500 includes, at 502, comparing dimensions of
the component 110 to the in-service tolerances 172. The
dimensions may be determined from the 3D measure-
ment data 162 or the 3D model data 164. The diagram
500 includes, at 504, determining whether the dimen-
sions satisfy a first tolerance(s) of the in-service toleranc-
es 172. The diagram 500 includes, at 506, responsive to
determining that the dimensions satisfy the first toler-
ance(s) of the in-service tolerances 172, generating an
output indicating that the component 110 should be re-
used.
[0073] The diagram 500 includes, at 508, responsive
to determining that the dimensions satisfy the first toler-
ance(s) of the in-service tolerances 172, determining
whether the dimensions satisfy a second tolerance(s) of
the in-service tolerances 172. The second tolerance(s)

are associated with values or ranges of values that indi-
cate that the component 110 is repairable and that struc-
tural characteristics of the repaired component 110 sat-
isfy structural characteristic thresholds. The diagram 500
includes, at 510, responsive to determining that the di-
mensions satisfy the second tolerance(s) of the in-serv-
ice tolerances 172, generating an output indicating that
the component 110 should be repaired. The diagram 500
includes, at 512, responsive to determining that the di-
mensions do not satisfy the second tolerance(s) of the
in-service tolerances 172, generating an output indicat-
ing that the component 110 should be evaluated.
[0074] FIG. 6 is a flow diagram 600 of another example
of comparing dimensions of a used component (e.g., the
component 110) to the in-service tolerances 172. The
diagram 600 illustrates operations that may be performed
by the computing device 114. The diagram 600 includes,
at 602, comparing dimensions of the component 110 to
a negative tolerance(s) of the in-service tolerances 172.
The dimensions may be determined from the 3D meas-
urement data 162 or the 3D model data 164. The diagram
600 includes, at 604, determining whether the dimen-
sions satisfy the negative tolerance(s).
[0075] The diagram 600 includes, at 606, responsive
to determining that the dimensions satisfy the negative
tolerance(s), generating an output indicating that the
component 110 should be repaired. In such implemen-
tations, the negative tolerance(s) are associated with val-
ues of dimensions (determined from previous evalua-
tions) that cannot be repaired such that the structural
characteristics of the repaired component 110 satisfy
structural characteristic thresholds or with values of di-
mensions that cannot be repaired due to regulations,
such as Federal Aviation Administration (FAA) regula-
tions. Additionally or alternatively, the negative toler-
ance(s) are associated with values of dimensions that do
not satisfy structural characteristic thresholds (e.g., be-
fore repairs are performed on the component 110). In
some implementations, the negative thresholds corre-
spond to a range of values.
[0076] The diagram 600 includes, at 608, responsive
to determining that the dimensions satisfy the negative
tolerance(s), generating an output indicating that the
component 110 should be evaluated. In other implemen-
tations, the output indicates that the component 110 is
to be replaced (e.g., scrapped). Comparing dimensions
to negative threshold tolerances may further reduce eval-
uations and decrease maintenance cycle time. The di-
mensions may be compared to the negative thresholds
before or after the dimension are compared other toler-
ances (e.g., positive tolerances or acceptable ranges of
values) of the in-service tolerances 172.
[0077] FIG. 7 is an illustration of a block diagram of a
computing environment 700 including a general purpose
computing device 710 configured to support embodi-
ments of computer-implemented methods and compu-
ter-executable program instructions (or code) according
to the present disclosure. For example, the computing
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device 710, or portions thereof, may execute instructions
to perform the functions of the system 101 or functions
of a portion of the system 101, such as the processor
122, the processor 132, the processor 142, or the proc-
essor 152. The instructions to control the system 101 (or
of a portion of the system 101, such as the processor
122, the processor 132, the processor 142, or the proc-
essor 152) may include instructions to evaluate a com-
ponent for reuse (e.g., continued service), perform an
evaluation of structural characteristics of a component,
or both. The instructions to control the system 101 (or
the portion of the system 101) may also include instruc-
tions perform a comparison of the 3D measurement data
to the in-service tolerance associated with the particular
component type. The in-service tolerances are deter-
mined based on measurement of at least a second used
component of the particular component type and evalu-
ation of structural characteristics of the second used
component. The instructions further cause the processor
to generate, based on the comparison, an output indicat-
ing whether the first used component is acceptable for
reuse. In some implementations, the in-service toleranc-
es comprise multi-dimensional tolerances (e.g., area or
volume tolerances). The computing device 710, or por-
tions thereof, may further execute instructions according
to any of the methods described herein, or to enable any
of the methods described herein, such as the method
200 of FIG. 2 or the method 300 of FIG. 3.
[0078] The computing device 710 may include a proc-
essor 720. The processor 720 may communicate with
the system memory 730, one or more storage devices
740, one or more input/output interfaces 750, one or more
communications interfaces 760, or a combination there-
of. In a particular embodiment, the processor 720 in-
cludes or corresponds to the processor 122, the proces-
sor 132, the processor 142, or the processor 152. The
system memory 730 may include volatile memory devic-
es (e.g., random access memory (RAM) devices), non-
volatile memory devices (e.g., read-only memory (ROM)
devices, programmable read-only memory, and flash
memory), or both. The system memory 730 may include
an operating system 732, which may include a basic/in-
put output system for booting the computing device 710
as well as a full operating system to enable the computing
device 710 to interact with users, other programs, and
other devices. The system memory 730 may include one
or more applications 734 (e.g., the simulation application
146 of FIG. 1) which may be executable by the processor
720. For example, the one or more applications 734 may
include instructions executable by the processor 720 to
control the system 101 to generate the 3D model data
164 based on the 3D measurement data 162, to generate
dimensions of the component 110 based on the 3D meas-
urement data 162 or the 3D model data 164, and to gen-
erate the structural characteristics of the component 110
based on the 3D model data 164, or a combination there-
of.
[0079] The processor 720 may also communicate with

one or more storage devices 740, such as the memory
124, the memory 134, the memory 144, or the memory
154 of FIG. 1. For example, the one or more storage
devices 740 may include nonvolatile storage devices,
such as magnetic disks, optical disks, or flash memory
devices. The storage devices 740 may include both re-
movable and non-removable memory devices. The stor-
age devices 740 may be configured to store an operating
system, images of operating systems, applications, and
program data. The storage devices 740 may also store
the in-service tolerances 172, the tolerance update 174,
or both. In a particular embodiment, the memory 730, the
storage devices 740, or both, include tangible computer-
readable media.
[0080] The processor 720 may communicate with one
or more input/output interfaces 750 that enable the com-
puting device 710 to communicate with one or more in-
put/output devices 770 (such as the measuring device
112 of FIG. 1, the display 136, or both) to facilitate user
interaction. The input/output interfaces 750 may include
serial interfaces (e.g., universal serial bus (USB) inter-
faces or Institute of Electrical and Electronics Engineers
(IEEE) 1394 interfaces), parallel interfaces, display
adapters, audio adapters, and other interfaces. The in-
put/output devices 770 may include keyboards, pointing
devices, displays, speakers, microphones, touch
screens, and other devices. The processor 720 may de-
tect interaction events based on user input received via
the input/output interfaces 750. Additionally, the proces-
sor 720 may send a display to a display device (e.g., the
measuring device 112, the display 136, or both) via the
input/output interfaces 750.
[0081] The processor 720 may communicate with the
measuring device 112, one or more devices 780, or a
combination thereof, via the one or more communica-
tions interfaces 760. The one or more communications
interfaces 760 may include wired Ethernet interfaces,
IEEE 802 wireless interfaces, other wireless communi-
cation interfaces, or other network interfaces. The one
or more devices 780 may include host computers, serv-
ers, workstations, and other computing devices.

Claims

1. A method comprising:

receiving (202) three-dimensional, 3D, meas-
urement data (162) based on a measurement
of a first used component (110) of a particular
component type;
performing (204) a comparison of the 3D meas-
urement data (162) to in-service tolerances
(172) associated with the particular component
type, the in-service tolerances (172) determined
based on a measurement of at least a second
used component (110) of the particular compo-
nent type and an evaluation of structural char-
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acteristics of the second used component;
wherein the evaluation of the second compo-
nent (110) is performed based on determining
that second 3D measurement data exceeds a
particular as-designed tolerance of as-designed
tolerances, and wherein one or more particular
in-service tolerances (172) of the in-service tol-
erances (172) are determined based on a sim-
ulation of a 3D model of the second component
(110) satisfying a load threshold and a fatigue
threshold; and
generating (206), based on the comparison, an
output (182) indicating whether the first used
component (110) is acceptable for reuse.

2. The method of claim 1, wherein the evaluation com-
prises a result of a simulated structural analysis of a
3D model of the second used component (110), a
non-destructive test of the second used component
(110), or a destructive test of the second used com-
ponent (110).

3. The method of any one of claims 1-2, wherein the
structural characteristics comprise a load rating and
a fatigue rating.

4. The method of any one of claims 1-3, wherein, when
the output indicates that the first used component is
acceptable for reuse, the first used component (110)
is installed on a platform (108), and, optionally,
wherein the platform (108) comprises an aircraft, a
spacecraft, a ship, a building, a bridge, an oil rig, a
power plant, or a chemical plant.

5. The method of any one of claims 1-4, further com-
prising, when the output (182) indicates that first
used component (110) is not acceptable for reuse,
sending the 3D measurement data (162) to a struc-
tural analysis device (104) to perform a second eval-
uation of structural characteristics of the first used
component (110) based on the 3D measurement da-
ta (162).

6. The method of any one of claims 1-5, further com-
prising, when the output (182) indicates that first
used component (110) is not acceptable for reuse,
performing a second evaluation of structural charac-
teristics of the first used component (110).

7. The method of claim 6, wherein performing the sec-
ond evaluation comprises:

performing a finite element analysis to deter-
mine a load rating and a fatigue rating;
performing a second comparison of the load rat-
ing and the fatigue rating to a load threshold and
a fatigue threshold; and
outputting a result of the second comparison.

8. The method of any one of claims 1-7, further com-
prising generating, based on a second evaluation of
structural characteristics of the first used component
(110), a second output indicating that the first used
component (110) is acceptable for reuse.

9. The method of claim 8, further comprising sending
update data to a database (106), wherein the update
data causes the database (106) to update the in-
service tolerances (172) based on the second eval-
uation, the 3D measurement data (162), or both.

10. The method of any one of claims 1-9, further com-
prising displaying, based on a second evaluation of
structural characteristics of the first used component
(110), a second output indicating that the first used
component (110) is to be repaired.

11. The method of any one of claims 1-9, wherein the
output (182) further indicates that the first used com-
ponent (110) is to be repaired.

12. A system (101) comprising:

a three-dimensional measuring device (112)
configured to generate three-dimensional (3D)
measurement data (162) based on measuring
a first used component (110) of a particular com-
ponent type; and
a computing device (114) configured to:

perform a comparison of the 3D measure-
ment data (162) to in-service tolerances
(172) associated with the particular compo-
nent type, the in-service tolerances (172)
determined based on measurement of at
least a second used component (110) of the
particular component type and evaluation
of structural characteristics of the second
used component (110);
wherein the evaluation of the second com-
ponent (110) is performed based on deter-
mining that second 3D measurement data
exceeds a particular as-designed tolerance
of as-designed tolerances, and wherein one
or more particular in-service tolerances
(172) of the in-service tolerances (172) are
determined based on a simulation of a 3D
model of the second component (110) sat-
isfying a load threshold and a fatigue thresh-
old; and
generate, based on the comparison, an out-
put (182) indicating whether the first used
component (110) is acceptable for reuse.

13. The system of claim 12, further comprising a network
interface (158) configured to:
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transmit the 3D measurement data (162), a 3D
model generated based on the 3D measure-
ment data (162), or both, to a remote device
(104); and
receive the in-service tolerances (172), in-serv-
ice tolerance updates (174), or both from a da-
tabase (106), wherein the measurement device
(112) comprises a laser measurement device,
an optical measurement device, or a contact
based measurement device.

14. The system of claim 12 or claim 13, further compris-
ing a database (106) configured to store the in-serv-
ice tolerances (172).

Patentansprüche

1. Verfahren, aufweisend:

Empfangen (202) dreidimensionaler, 3D, Mess-
daten (162) basierend auf einer Messung einer
ersten gebrauchten Komponente (110) eines
bestimmten Komponententyps;
Durchführen (204) eines Vergleichs der 3D-
Messdaten (162) mit Betriebstoleranzen (172),
die mit dem bestimmten Komponententyp aso-
ziiert sind, wobei die Betriebstoleranzen (172)
basierend auf einer Messung von mindestens
einer zweiten gebrauchten Komponente (110)
des bestimmten Komponententyps und einer
Bewertung der strukturellen Eigenschaften der
gebrauchten zweiten Komponente bestimmt
werden;
wobei die Bewertung der zweiten Komponente
(110) basierend auf dem Bestimmen, dass zwei-
te 3D-Messdaten eine bestimmte konstruierte
Toleranz konstruierter Toleranzen überschrei-
ten, durchgeführt wird, und wobei eine oder
mehrere bestimmte Betriebstoleranzen (172)
der Betriebstoleranzen (172) basierend auf ei-
ner Simulation eines 3D-Modells der zweiten
Komponente (110) bestimmt werden, die eine
Lastschwelle und eine Ermüdungsschwelle ein-
hält; und
Erzeugen (206), basierend auf dem Vergleich,
einer Ausgabe (182), die angibt, ob die erste
gebrauchte Komponente (110) zur Wiederver-
wendung annehmbar ist.

2. Verfahren nach Anspruch 1, wobei die Bewertung
ein Ergebnis einer simulierten strukturellen Analyse
eines 3D-Modells der zweiten gebrauchten Kompo-
nente (110), einer zerstörungsfreien Prüfung der
zweiten gebrauchten Komponente (110) oder einer
zerstörenden Prüfung der zweiten gebrauchten
Komponente (110) aufweist.

3. Verfahren nach einem der Ansprüche 1 bis 2, wobei
die strukturellen Eigenschaften eine Tragzahl und
einen Ermüdungswert aufweisen.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei,
wenn die Ausgabe angibt, dass die erste gebrauchte
Komponente zur Wiederverwendung annehmbar
ist, die erste gebrauchte Komponente (110) auf einer
Plattform (108) installiert wird und wobei gegebe-
nenfalls die Plattform (108) ein Flugzeug, ein Raum-
fahrzeug, ein Schiff, ein Gebäude, eine Brücke, eine
Bohrinsel, ein Kraftwerk oder eine chemische Anla-
ge aufweist.

5. Verfahren nach einem der Ansprüche 1 bis 4, das
ferner, wenn die Ausgabe (182) angibt, dass die ers-
te gebrauchte Komponente (110) für die Wiederver-
wendung nicht annehmbar ist, das Senden der 3D-
Messdaten (162) an eine Strukturanalysevorrich-
tung (104) aufweist, um eine zweite Bewertung der
strukturellen Eigenschaften der ersten gebrauchten
Komponente (110) basierend auf den 3D-Messda-
ten (162) durchzuführen.

6. Verfahren nach einem der Ansprüche 1 bis 5, das
ferner, wenn die Ausgabe (182) angibt, dass die ers-
te gebrauchte Komponente (110) für die Wiederver-
wendung nicht annehmbar ist, das Durchführen ei-
ner zweiten Bewertung der strukturellen Eigenschaf-
ten der ersten gebrauchten Komponente (110) auf-
weist.

7. Verfahren nach Anspruch 6, wobei das Durchführen
der zweiten Bewertung Folgendes aufweist:

Durchführen einer Finite-Elemente-Analyse,
um eine Tragzahl und einen Ermüdungswert zu
bestimmen;
Durchführen eines zweiten Vergleichs der Trag-
zahl und des Ermüdungswerts mit einer Last-
schwelle und einer Ermüdungsschwelle; und
Ausgeben eines Ergebnisses des zweiten Ver-
gleichs.

8. Verfahren nach einem der Ansprüche 1 bis 7, das
ferner das Erzeugen, basierend auf einer zweiten
Bewertung der strukturellen Eigenschaften der ers-
ten gebrauchten Komponente (110), einer zweiten
Ausgabe, die angibt, dass die erste gebrauchte
Komponente (110) zur Wiederverwendung annehm-
bar ist, aufweist.

9. Verfahren nach Anspruch 8, das ferner das Senden
von Aktualisierungsdaten an eine Datenbank (106)
aufweist, wobei die Aktualisierungsdaten bewirken,
dass die Datenbank (106) die Betriebstoleranzen
(172), basierend auf der zweiten Bewertung, den 3D-
Messdaten (162) oder beidem, aktualisiert.
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10. Verfahren nach einem der Ansprüche 1 bis 9, das
ferner das Anzeigen, basierend auf einer zweiten
Bewertung der strukturellen Eigenschaften der ers-
ten gebrauchten Komponente (110), einer zweiten
Ausgabe aufweist, die angibt, dass die erste ge-
brauchte Komponente (110) repariert werden muss.

11. Verfahren nach einem der Ansprüche 1 bis 9, wobei
die Ausgabe (182) ferner angibt, dass die erste ge-
brauchte Komponente (110) repariert werden muss.

12. System (101), aufweisend:

eine dreidimensionale 3D-Messvorrichtung
(112), die zum Erzeugen dreidimensionaler (3D)
Messdaten (162), basierend auf dem Messen
einer ersten gebrauchten Komponente (110) ei-
nes bestimmten Komponententyps, konfiguriert
ist; und
eine Computervorrichtung (114), die zu Folgen-
dem konfiguriert ist:

Durchführen eines Vergleichs der 3D-
Messdaten (162) mit Betriebstoleranzen
(172), die mit dem bestimmten Komponen-
tentyp asoziiert sind, wobei die Betriebsto-
leranzen (172), basierend auf einer Mes-
sung von mindestens einer zweiten ge-
brauchten Komponente (110) des bestimm-
ten Komponententyps und einer Bewertung
der strukturellen Eigenschaften der ge-
brauchten zweiten Komponente (204), be-
stimmt werden;
wobei die Bewertung der zweiten Kompo-
nente (110) basierend auf dem Bestimmen,
dass zweite 3D-Messdaten eine bestimmte
konstruierte Toleranz konstruierter Tole-
ranzen überschreiten, durchgeführt wird,
und wobei eine oder mehrere bestimmte
Betriebstoleranzen (172) der Betriebstole-
ranzen (172), basierend auf einer Simulati-
on eines 3D-Modells der zweiten Kompo-
nente (110), bestimmt werden, die einer
Lastschwelle und einer Ermüdungsschwel-
le einhält; und
Erzeugen, basierend auf dem Vergleich, ei-
ner Ausgabe (182), die angibt, ob die erste
gebrauchte Komponente (110) zur Wieder-
verwendung annehmbar ist.

13. System nach Anspruch 12, das ferner eine Netz-
werkschnittstelle (158) aufweist, die für Folgendes
konfiguriert ist:

Übertragen der 3D-Messdaten (162), eines 3D-
Modells, das basierend auf den 3D-Messdaten
(162) erzeugt wird, oder von beiden an eine ent-
fernte Vorrichtung (104); und

Empfangen der Betriebstoleranzen (172), Be-
triebstoleranz-Aktualisierungen (174) oder von
beiden von einer Datenbank (106), wobei die
Messvorrichtung (112) eine Lasermessvorrich-
tung, eine optische Messvorrichtung oder eine
kontaktbasierte Messvorrichtung aufweist.

14. System nach Anspruch 12 oder Anspruch 13, das
ferner eine Datenbank (106) aufweist, die zum Spei-
chern der Betriebstoleranzen (172) konfiguriert ist.

Revendications

1. Procédé comprenant :

la réception (202) de données de mesure tridi-
mensionnelles, 3D, (162) sur la base d’une me-
sure d’un premier composant (110) utilisé d’un
type particulier de composant ;
la mise en œuvre (204) d’une comparaison des
données de mesure 3D (162) à des tolérances
en service (172) associées au type particulier
de composant, les tolérances en service (172)
étant déterminées sur la base d’une mesure
d’au moins un deuxième composant (110) utilisé
du type particulier de composant et d’une éva-
luation des caractéristiques structurelles du
deuxième composant utilisé ;
dans lequel l’évaluation du deuxième compo-
sant (110) est effectuée sur la base de la déter-
mination que des deuxièmes données de me-
sure 3D dépassent une tolérance telle que con-
çue particulière de tolérances telles que con-
çues, et dans lequel une ou plusieurs tolérances
en service (172) particulières des tolérances en
service (172) sont déterminées sur la base d’une
simulation d’un modèle 3D du deuxième com-
posant (110) satisfaisant un seuil de charge et
un seuil de fatigue ; et
la génération (206), sur la base de la comparai-
son, d’une sortie (182) indiquant si le premier
composant (110) utilisé est acceptable pour une
réutilisation.

2. Procédé selon la revendication 1, dans lequel l’éva-
luation comprend un résultat d’une analyse structu-
relle simulée d’un modèle 3D du deuxième compo-
sant (110) utilisé, un test non destructif du deuxième
composant (110) utilisé, ou un test destructif du
deuxième composant (110) utilisé.

3. Procédé selon l’une quelconque des revendications
1 à 2, dans lequel les caractéristiques structurelles
comprennent un indice de charge et un indice de
fatigue.

4. Procédé selon l’une quelconque des revendications
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1 à 3, dans lequel, quand la sortie indique que le
premier composant utilisé est acceptable pour une
réutilisation, le premier composant (110) utilisé est
installé sur une plate-forme (108) et, facultativement,
dans lequel la plate-forme (108) comprend un aéro-
nef, un vaisseau spatial, un navire, un bâtiment, un
pont, une plate-forme pétrolière, une centrale élec-
trique ou une usine chimique.

5. Procédé selon l’une quelconque des revendications
1 à 4, comprenant en outre, quand la sortie (182)
indique que le premier composant (110) utilisé n’est
pas acceptable pour une réutilisation, l’envoi des
données de mesure 3D (162) à un dispositif d’ana-
lyse structurelle (104) pour effectuer une deuxième
évaluation des caractéristiques structurelles du pre-
mier composant (110) utilisé sur la base des don-
nées de mesure 3D (162).

6. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre, quand la sortie (182)
indique que le premier composant (110) utilisé n’est
pas acceptable pour une réutilisation, la mise en œu-
vre d’une deuxième évaluation des caractéristiques
structurelles du premier composant (110) utilisé.

7. Procédé selon la revendication 6, dans lequel la mise
en œuvre de la deuxième évaluation comprend :

la mise en œuvre d’une analyse par éléments
finis pour déterminer un indice de charge et un
indice de fatigue ;
la mise en œuvre d’une deuxième comparaison
de l’indice de charge et de l’indice de fatigue à
un seuil de charge et à un seuil de fatigue ; et
la sortie d’un résultat de la deuxième comparai-
son.

8. Procédé selon l’une quelconque des revendications
1 à 7, comprenant en outre la génération, sur la base
d’une deuxième évaluation des caractéristiques
structurelles du premier composant (110) utilisé,
d’une deuxième sortie indiquant que le premier com-
posant (110) utilisé est acceptable pour une réutili-
sation.

9. Procédé selon la revendication 8, comprenant en
outre l’envoi de données de mise à jour à une base
de données (106), dans lequel les données de mise
à jour amènent la base de données (106) à mettre
à jour les tolérances en service (172) sur la base de
la deuxième évaluation, des données de mesure 3D
(162), ou des deux.

10. Procédé selon l’une quelconque des revendications
1 à 9, comprenant en outre l’affichage, sur la base
d’une deuxième évaluation des caractéristiques
structurelles du premier composant (110) utilisé,

d’une deuxième sortie indiquant que le premier com-
posant (110) utilisé doit être réparé.

11. Procédé selon l’une quelconque des revendications
1 à 9, dans lequel la sortie (182) indique en outre
que le premier composant (110) utilisé doit être ré-
paré.

12. Système (101) comprenant :

un dispositif de mesure tridimensionnel (112)
configuré pour générer des données de mesure
tridimensionnelles (3D) (162) sur la base d’une
mesure d’un premier composant (110) utilisé
d’un type particulier de composant ; et
un dispositif informatique (114) configuré pour :

effectuer une comparaison des données de
mesure 3D (162) avec des tolérances en
service (172) associées au type particulier
de composant, les tolérances en service
(172) étant déterminées sur la base d’une
mesure d’au moins au moins un deuxième
composant (110) utilisé du type particulier
de composant et d’une évaluation des ca-
ractéristiques structurelles du deuxième
composant (110) utilisé ;
dans lequel l’évaluation du deuxième com-
posant (110) est effectuée sur la base de la
détermination que des deuxièmes données
de mesure 3D dépassent une tolérance tel-
le que conçue particulière de tolérances tel-
les que conçues, et dans lequel une ou plu-
sieurs tolérances en service (172) particu-
lières des tolérances en service (172) sont
déterminées sur la base d’une simulation
d’un modèle 3D du deuxième composant
(110) satisfaisant un seuil de charge et un
seuil de fatigue ; et
générer, sur la base de la comparaison, une
sortie (182) indiquant si le premier compo-
sant (110) utilisé est acceptable pour une
réutilisation.

13. Système selon la revendication 12, comprenant en
outre une interface réseau (158) configurée pour :

transmettre les données de mesure 3D (162),
un modèle 3D généré sur la base des données
de mesure 3D (162), ou les deux, à un dispositif
distant (104) ; et
recevoir les tolérances en service (172), les mi-
ses à jour de tolérance en service (174), ou les
deux, à partir d’une base de données (106),
dans lequel le dispositif de mesure (112) com-
prend un dispositif de mesure à laser, un dispo-
sitif de mesure optique ou un dispositif de me-
sure par contact.

29 30 



EP 3 421 929 B1

17

5

10

15

20

25

30

35

40

45

50

55

14. Système selon la revendication 12 ou la revendica-
tion 13, comprenant en outre une base de données
(106) configurée pour stocker les tolérances en ser-
vice (172).
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