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(57) ABSTRACT 

A method for detecting substructure includes the steps of: 
nondestructively scanning an assembly using a substructure 
scanning system including a precision motion carriage and 
a nondestructive Scanning sensor, positioning the assembly 
under the Substructure Scanning system, positioning the 
scanning sensor on the outer skin, moving the scanning 
sensor over the outer skin with the precision motion car 
riage, locating the Substructure through the outer skin, and 
controlling an assembly process using the location of the 
substructure. By using the method of the present invention 
Substructure features may be located through an outer skin 
with Sufficient accuracy to control assembly operations and 
to meet engineering tolerances. The method for precisely 
detecting Substructure using precision eddy current scanning 
may be used for, but is not limited to, the location of 
Substructure features, such as edges of flanges, machined 
steps, or tooling holes, covered by outer mold line skins of 
an aircraft airframe. 
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METHOD FOR POSITONING A PROBE 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application is a divisional of U.S. patent 
application Ser. No. 10/975,328, filed Oct. 28, 2004. 

BACKGROUND 

0002 The present invention generally relates to nonde 
structive inspection methods and, more particularly, to 
detecting Substructure using precision eddy current scan 
ning. 
0003) Automated assembly systems in the aerospace 
industry, for example, for airframe assembly of aircraft, 
generally employ some type of vision system for locating 
structure components and key features of components, such 
as edges of flanges, machined steps, and tooling holes. 
Knowledge of the exact location of these features is neces 
sary, since these features are used to adjust numerically 
controlled programs for drilling holes or other machining 
operations, such as trimming or reaming, to maintain blue 
print tolerances. Currently, it is often necessary to manually 
record where the substructure is located. In order to do this, 
the outer mold line skins, for example of a section of the 
fuselage or the wing, need to be removed to make the 
substructure underneath visible. Once a map of the substruc 
ture is created, the outer mold line skins are temporarily 
fastened to the structure and the created map of the sub 
structure needs to be transferred to the skin. Since this step 
is performed while the assembly is in the machine bed, the 
flow time is impacted and the percentage of the machine 
time actually used for the intended function, Such as drilling, 
is reduced. 

0004 Eddy current as a nondestructive inspection pro 
cess is commonly used in the aerospace industry to detect 
Subsurface flaws or anomalies in conductive materials. The 
advantage of eddy current for nondestructive inspection is 
the ability to perform scanning through the outer skin 
material. Eddy current data can be collected using automated 
scanning systems to improve the quality of the measure 
ments and to construct images of Scanned areas. The most 
common type of Scanning is line Scanning where an auto 
mated System is used to push the probe at a fixed speed. The 
data is usually presented as a strip chart recording. The 
advantage of using a linear Scanning system is that the probe 
is moved at a constant speed Such that an indication on the 
strip chart can be correlated to a position on the part being 
scanned. Two-dimensional scanning systems are used to 
scan a two-dimensional area. This could be a scanning 
system that scans over a relatively flat area in an X-y raster 
mode. The data is typically displayed in a C-scan, which is 
a false-color plot of signal strength or phase angle shift as a 
function of position. Mobile automated Scanners, such as 
MAUS(R) IV and V developed by The Boeing Company, St. 
Louis, are generally used in the aerospace industry for 
nondestructive testing utilizing eddy current and ultrasonic 
waves. MAUS IV eddy current C-scans are used, for 
example, for corrosion detection or crack detection around 
fastener holes. 

0005. As can be seen, there is a need for a method to 
accurately and effectively locate and map the Substructure 
features of an aircraft airframe that are located underneath 
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the outer mold line skins. Furthermore, there is a need to 
eliminate the step of the outer skin removal in order to see 
the substructure and the step of skin installation after record 
ing the substructure. Still further, there is a need to improve 
the product flow and automation of aircraft assemblies. 
0006 There has, therefore, arisen a need to provide a 
method for detecting Substructure using nondestructive tech 
niques. There has further arisen a need to locate Substructure 
features with Sufficient accuracy to control assembly opera 
tions and meet engineering tolerances. There has still further 
arisen a need to provide a device that allows detection and 
location of substructure features within the tolerances 
required. 

BRIEF SUMMARY 

0007. The present invention provides for precisely 
detecting Substructure using precision eddy current scan 
ning. The present invention further provides a precision 
motion carriage that enables the location of Substructure 
features within the engineering tolerances required. The 
present invention still further provides a method for the 
location of Substructure features through an outer panel with 
Sufficient accuracy to control assembly operations that may 
be used for, but is not limited to, the location of substructure 
features, such as edges of flanges, machined steps, or tooling 
holes, covered by outer mold line skins of an aircraft 
airframe. 

0008. In one aspect of the present invention, a method for 
detecting Substructure comprises the steps of nondestruc 
tively scanning an assembly using a Substructure scanning 
system including a precision motion carriage and a nonde 
structive Scanning sensor, positioning the assembly includ 
ing a Substructure covered with an outer skin under the 
Substructure Scanning system; positioning the scanning sen 
sor on the outer skin of the assembly; moving the scanning 
sensor over the outer skin with the precision motion car 
riage; locating the Substructure through the outer skin by 
evaluating signals received from the scanning sensor to 
locate the Substructure; and controlling an assembly process 
using the location of the Substructure. 
0009. In another aspect of the present invention, a 
method for precisely positioning and moving a probe com 
prises the steps of enclosing a two-dimensional area using 
a frame; inserting a first probe positioner including a first 
opening into the frame; inserting a second probe positioner 
including a second opening into the frame; forming a 
window with the first opening and with the second opening; 
inserting a probe into the window; using the first probe 
positioner and the second probe positioner to accurately 
position the probe on the two-dimensional area; and using 
the first probe positioner and the second probe positioner to 
accurately move the probe across the two-dimensional area 
in an x-y raster mode. The first probe positioner is movable 
in y-direction within the frame. The first probe positioner is 
movable in x-direction within the frame. The second probe 
positioner is located above the first probe positioner. 
0010. In still another aspect of the present invention, a 
method for detecting Substructure of an aircraft wing com 
prises the steps of Scanning an aircraft wing using a gantry 
motion system including a gantry, a bar, a pole, and an eddy 
current scanning sensor; inserting the bar into the gantry 
extending in y-direction across the gantry and being mov 
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able in X-direction; attaching the pole to the bar, attaching 
the eddy current Scanning sensor to the pole; positioning the 
aircraft wing including a substructure covered with outer 
mold line skins under the gantry; moving the eddy current 
scanning sensor towards the wing: positioning the eddy 
current scanning sensor on the outer mold line skin of the 
wing; moving the eddy current scanning sensor over the 
outer mold line skin in an X-y raster mode; locating the 
Substructure through the outer skin; and controlling a 
numerically controlled assembly process using the location 
of the substructure. The pole is movable in y-direction along 
the bar and in z-direction. 

0011. In a further aspect of the present invention, an 
assembly process comprises the steps of fitting outer skins 
on a Substructure to form an assembly; moving the assembly 
to a assembly machine; loading a Substructure scanning 
system into the machine; activating the Substructure scan 
ning System; executing scanning programs; obtaining and 
saving scan point data; deactivating and removing the Sub 
structure Scanning system; executing numerically controlled 
programs for the machine; using the scan point data to 
correct points and to align the assembly relative to machin 
ing tools of the machine; completing all numerically con 
trolled programs with the machine; and removing the assem 
bly from the assembly machine. 
0012. In still a further aspect of the present invention, a 
method for machine coordinate correction comprises the 
steps of sending a correction request from an assembly 
machine to a Substructure Scanning system; positioning an 
eddy current scanning sensor on the outer skin of an assem 
bly using the Substructure Scanning system; moving the eddy 
current Scanning sensor over the outer skin of the assembly 
using the Substructure scanning system; collecting scanning 
sensor data each time the eddy current scanning sensor is 
moved by a small increment; compiling a data file contain 
ing position information and the scanning sensor data; 
analyzing the data file to identify features of a substructure 
located underneath the outer skin; computing coordinates of 
the assembly machine to identify location of the substructure 
features relative to the assembly machine position; and 
returning machine coordinates orienting the assembly 
machine relative to the substructure features. 

0013 In still another aspect of the present invention, a 
gantry motion system comprises a gantry covering a two 
dimensional area, a bar inserted into the gantry, a pole 
attached to the bar, and a probe attached to the pole. The bar 
extends in y-direction across the gantry and wherein the bar 
is movable in x-direction. The pole is movable horizontally 
in y-direction along the bar and vertically in Z-direction. 
0014. These and other features, aspects and advantages of 
the present invention will become better understood with 
reference to the following drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a schematic view of a dependent scanning 
system according to one embodiment of the present inven 
tion; 
0016 FIG. 2a is a top view of a test specimen according 
to one embodiment of the present invention: 
0017 FIG.2b is a side view of a test specimen according 
to one embodiment of the present invention: 
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0018 FIG.2c is a C-scan of a test specimen according to 
one embodiment of the present invention; 
0019 FIG. 3 is a perspective top view of a gantry motion 
system according to one embodiment of the present inven 
tion; 
0020 FIG. 4 is a perspective side view of a robot motion 
system according to one embodiment of the present inven 
tion; 
0021 FIG. 5 is a flow chart of an assembly process 
according to another embodiment of the present invention; 
and 

0022 FIG. 6 is a flow chart of a method for machine 
coordinate correction according to another embodiment of 
the present invention. 

DETAILED DESCRIPTION 

0023 The following detailed description is of the best 
currently contemplated modes of carrying out the invention. 
The description is not to be taken in a limiting sense, but is 
made merely for the purpose of illustrating the general 
principles of the invention, since the scope of the invention 
is best defined by the appended claims. 
0024 Broadly, the present invention provides for detect 
ing Substructure using nondestructive techniques. Contrary 
to the known prior art, an outer panel does not need to be 
removed to scan substructure that lies underneath the panel. 
Furthermore, by using the method for detecting substructure 
according to one embodiment of the present invention, 
substructure features can be located through the skin of a 
structure with Sufficient accuracy to control assembly opera 
tions and meet engineering tolerances, which is not possible 
using prior art handheld devices or prior art nondestructive 
techniques. The method for detecting Substructure as in one 
embodiment of the present invention may be used in the 
aerospace industry, for example, in the airframe assembly of 
aircraft. The method for detecting substructure further 
enables detection and location of Substructure features, such 
as edges of flanges, machined steps, or tooling holes, that are 
located underneath the outer mold line skins, for example, of 
a fuselage or a wing of an aircraft. 
0025. In one embodiment, the present invention uses 
eddy current to scan the outer mold line skin of an aircraft 
in order to detect substructure features underneath the skin. 
Since the removal of the skin is no longer required to create 
a map of the Substructure, the steps of removing and 
refastening the skin, as currently needed using prior art 
methods, can be eliminated. Furthermore, by using eddy 
current for Scanning a solid sheet of metallic or nonmetallic 
material. Such as an aircraft airframe skin, edges and other 
features of metallic substructure located underneath the skin, 
on the side of the skin opposite to the scanning probe, can 
be located without removal of the airframe skin and in a 
nondestructive process. The advantage of eddy current for 
scanning is its ability to perform the Scanning through the 
outer skin material. This will allow the temporary installa 
tion step for the outer mold line skins, for example, for a 
aircraft fuselage or wing, to take place before the assembly 
is presented to an automated machining system, for 
example, an automated drilling system, and will eliminate 
the intermediate step of skin installation after scanning as 
needed with prior art scanning methods. Using prior art 
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scanning methods, the location of the Substructure and the 
step of temporary fastening is performed while the assembly 
is situated in the machine bed. 

0026. In one embodiment, the present invention provides 
a precision motion carriage that enables application of the 
eddy current scanning process with a high accuracy. By 
using the precision motion carriage as in one embodiment of 
the present invention, Substructure features can be located 
with Sufficient accuracy to control assembly operations, for 
example, numerically controlled programs for drilling holes, 
for trimming, or for reaming, and to meet engineering 
tolerances. Using prior art hand-held devices for detecting 
Substructure does not provide this accuracy. 
0027. In one embodiment, the present invention provides 
a gantry motion system that moves the scanning sensor 
precisely over an area to be examined. In another embodi 
ment, the present invention provides a robot motion system 
that moves the scanning sensor precisely over an area to be 
examined. Both motion systems enable the integration of the 
eddy current scanning process as in one embodiment of the 
present invention into numerically controlled machines, 
Such as numerically controlled drilling machines, and, there 
fore, reduce the machine bed low time. Furthermore, the 
integration of the scanning process into the numerically 
controlled machining process enables instant machine coor 
dinate correction without the need for manual actions, which 
provides more flexibility in the assembly process than prior 
art methods where the skins needs to be removed before the 
substructure features are visible, and where a map of the 
Substructure needs to be created manually. Consequently, by 
using the method for detecting Substructure using eddy 
current Scanning as in one embodiment of the present 
invention, the product flow and automation of aircraft 
assemblies can be improved and the need for subassemblies 
and components can be reduced in comparison with prior art 
methods for locating Substructure. 
0028 Referring now to FIG. 1, a dependent scanning 
system 100 is illustrated according to one embodiment of the 
present invention. The dependent scanning system 100 may 
include a precision motion carriage 10, a probe 11, a 
controller box 17, and a computer interface 18. The depen 
dent scanning system 100 may be used as a Substructure 
scanning system. The dependent scanning system 100 may 
enable application of eddy current scanning with a high 
accuracy. The dependent scanning system 100 may be used 
as an attachment to an existing assembly machine, such as 
a machine executing numerically controlled operations. Such 
as drilling, trimming, routing, machining or reaming. The 
assembly machine may locate the dependent Scanning sys 
tem 100 on a surface, for example, of a fuselage outer skin 
31 (FIG. 3), where the dependent scanning system 100 may 
perform the final precision scan in an X (122)-y (132) raster 
mode. The precision motion carriage 10 may include a probe 
positioner 12, a probe positioner 13, and a frame 14. The 
frame 14 may have the shape of a square and may enclose 
a two-dimensional area 16. The probe positioner 12 may 
extend across the frame 14 in x-direction 122. The probe 
positioner 12 may include an opening 121 for guiding the 
probe 11. The probe positioner 12 may be inserted into the 
frame 14 such that it may be moved in y-direction 132, 
within the frame 14. The probe positioner 13 may extend 
across the frame 14 in y-direction 132. The probe positioner 
13 may include an opening 131 for guiding the probe 11. The 
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probe positioner 13 may be inserted in the frame 14 on top 
of the probe positioner 12 and in a right angle to the probe 
positioner 12. The probe positioner 13 may be moved in 
x-direction 122 within the frame 14. By positioning the 
probe positioner 13 over the probe positioner 12, the open 
ing 131 and the opening 121 form a window 15. The probe 
11 may be inserted in the window 15. Using the probe 
positioner 12 and the probe positioner 13, the probe 11 may 
be moved precisely over the area 16 enclosed by the frame 
14. By inserting the probe 11 into the window 15, the probe 
11 may be accurately indexed. The probe 11 may be moved 
to scan a two-dimensional area 16 in an X (122)-y (132) 
raster mode. The probe 11 may be further moved within the 
opening 121 in X-direction 122 for one-dimensional line 
scanning. The probe 11 may still further be moved within the 
opening 131 in y-direction 132 for one-dimensional line 
scanning. The probe 11 may be an eddy current scanning 
sensor that may be used to detect metallic features of a 
substructure 38 underneath an outer skin 39 (FIGS. 3 and 4), 
as frequently needed, for example, during the aircraft air 
frame assembly. The probe 11 may further be an ultrasonic 
scanning sensor that may be used to detect nonmetallic 
features of a substructure 38 underneath an outer skin 39 
(FIGS. 3 and 4). The probe 11 may further be any nonde 
structive Scanning sensor. Using the precision motion car 
riage 10 for Scanning an assembly, Such as test assembly 20 
(FIGS. 2a and 2b) or the assembly 37 (FIGS. 3 and 4), may 
minimize changes in liftoff or fill factor resulting from probe 
11 wobble or uneven surfaces, may provide repeatability of 
scanning results and high resolution mapping. 
0029. As illustrated in FIG. 1, the probe 11 may be 
connected with a computer interface 18 via a controller box 
17. The controller box 17 may provide an alternating current 
to the probe 11. The probe 11 may generate eddy currents 
and sense changes in the eddy current field. The controller 
box 17 may receive signals that indicate changes in the eddy 
current and Supply these signals to the computer interface 
18. The computer interface 18 may include scanning control 
software 181 and signal processing software 182. The com 
puter interface 18 may be connected with a keyboard 183. 
The probe positioner 12 and the probe positioner 13 may be 
connected with the computer interface 18. The scanning 
control software 181 may control the movement of the probe 
positioner 12 and the probe positioner 13 and, therefore, of 
the probe 11. The signal processing software 182 may 
generate an image (such as the C-scan 25, FIG. 2C) of the 
substructure 38 (FIGS. 3 and 4). The signal processing 
software 182 may generate a C-scan 25 (as shown in FIG. 
2c) if a two-dimensional area 16 was scanned in an X (122)-y 
(132) raster mode. The C-scan 25 may be a false-color plot 
of signal strength or phase angle shift as a function of the 
position of the probe 11. The signal processing software 182 
may generate a strip chart if a line scan in X (122) ory (132) 
direction was done. Indications on the strip chart may be 
correlated to a position of the probe 11 and, therefore, to a 
position on the part being scanned. The scanning control 
software 181 and the signal processing software 182 may be 
integrated in numerically controlled machining programs (as 
shown in FIGS. 5 and 6). 
0030) Referring now to FIGS. 2a and 2b, a top view and 
a side view, respectively, of a test specimen 20 are illustrated 
according to one embodiment of the present invention. The 
test assembly 20 may include a panel 21 and a substructure 
22. The substructure 22 may be smaller in size than the panel 
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21 and may include two holes 23. The substructure 22 may 
be positioned underneath the panel 21. The panel 21 may be 
the outer mold line skin of an aircraft fuselage or wing. The 
Substructure 22 may be an edge of a flange of the Substruc 
ture underneath the outer mold line skin or the wing includ 
ing tooling holes. 
0031 Referring now to FIG. 2c, a C-scan 25 of the test 
assembly 20 (shown in FIGS. 2a and 2b) is illustrated 
according to one embodiment of the present invention. As 
can be seen, the substructure 22 including the holes 23 may 
be clearly and with precision identified in the C-scan 25. 
Used for the C-scan 25 were an aluminum skin 21, an 
aluminum rib 22, and an eddy current probe 11 (FIG. 1) 
operated at 3 kHz. The scanning parameters may be opti 
mized according to the materials of the panel 21 and the 
Substructure 23, by selecting, for example, an appropriate 
probe 11 (FIG. 1) and an appropriate Scanning frequency. 
0032 Referring now to FIG. 3, a gantry motion system 
30 is illustrated according to one embodiment of the present 
invention. The gantry motion system 30 may include a 
gantry 31, a bar 32, a pole 36, and a probe 11. The gantry 
motion system 30 may be used as a Substructure scanning 
system. The gantry motion system 30 may provide precise 
positioning and movement of the probe 11 (also shown in 
FIG. 1). FIG. 1 shows the basic concept of precisely moving 
a probe 11 over an area 16 using a precision motion carriage 
10. The same concept may be applied to the gantry motion 
system 30. The gantry 31 may be positioned over an 
assembly 37 to be scanned. The assembly 37 may include a 
substructure 38 and outer skins 39. The outer skins may be 
temporarily or permanently fastened to the substructure 38. 
The gantry 31 may cover a two-dimensional area 16. The bar 
32 may be inserted into the gantry extending across the 
gantry 31 in y-direction 34 and being movable in x-direction 
33. The pole 36 may be attached to the bar 32 such that the 
pole may move in y-direction 34 along the bar 32 and in 
z-direction 35. The pole 36 may include the probe 11 (also 
shown in FIG. 1). The probe 11 may be an eddy current 
scanning sensor that may be used to detect metallic features 
of a substructure 38 underneath an outer skin 39 as fre 
quently needed, for example, during the aircraft airframe 
assembly. The probe 11 may further be an ultrasonic scan 
ning sensor that may be used to detect nonmetallic features 
of a substructure 38 underneath an outer skin 39. The probe 
11 may further be any nondestructive scanning sensor. The 
probe11 may be facing the assembly 37. The probe 11 may 
be moved towards the assembly 37 and away from the 
assembly 37 by moving the pole 36 in Z-direction 34. By 
moving the bar 32 in x-direction 33 and by moving the pole 
36 in y-direction 34 along the bar 32, the probe 11 may be 
moved precisely over the outer skin 39 of the assembly 27. 
Consequently, the substructure 38 including all features, 
Such as edges of flanges, machined steps, and tooling holes, 
may be located with high accuracy. The obtained location 
coordinates of the substructure 38 may be used to control 
Subsequent assembly processes, for example, of an aircraft 
airframe, such as drilling, reaming, machining or routing. 
The obtained location coordinates of the substructure 38 
may be provided to a numerically controlled assembly 
machine to correct machine coordinates according to the 
location of the substructure 38. 

0033 Referring now to FIG. 4, a robot motion system 40 
is illustrated according to one embodiment of the present 
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invention. The robot motion system 40 may include a robot 
41 having a robot arm 42. A probe 11 (also shown in FIG. 
1) may be attached to the robot arm 42. The probe 11 may 
be facing the assembly 37. The robot arm 42 may extend 
over an assembly 37 to be scanned. The robot arm 42 may 
position and move the probe 11 precisely over the outer skin 
39 of the assembly 37 similar to the basic concept shown in 
FIG. 1 and as described above. The probe 11 may be an eddy 
current scanning sensor that may be used to detect metallic 
features of a substructure 38 underneath an outer skin 39 as 
frequently needed, for example, during the aircraft airframe 
assembly. The probe 11 may further be an ultrasonic scan 
ning sensor that may be used to detect nonmetallic features 
of a substructure 38 underneath an outer skin 39 The probe 
11 may further be any nondestructive scanning sensor. The 
robot motion system 40 may be used as a substructure 
Scanning system. 
0034. The gantry motion system 30 and the robot motion 
system 40 may be examples for motion systems utilizing the 
basic concept of positioning and moving of a probe 11 as 
illustrated in FIG. 1 and as described above. In both Systems 
30 and 40, the probe 11 may be connected with a computer 
interface 18 via a controller box 17 (as shown in FIG. 1). The 
controller box 17 may provide an alternating current to the 
probe 11, in the case, that the probe 11 is an eddy current 
scanning sensor. The probe 11 may generate eddy currents 
and sense changes in the eddy current field while being 
moved over the outer skin 39 of the assembly 37. The 
controller box 17 may receive signals that indicate changes 
in the eddy current and Supply these signals to the computer 
interface 18. The computer interface 18 may include scan 
ning control software 181 and signal processing software 
182. The computer interface 18 may be connected with is 
connected with the controller box 17, the bar 32, and the 
pole 36. The scanning control software 181 may control the 
movement of the probe 11. The signal processing software 
182 may generate images (such as the C-scan 25 shown in 
FIG.2c) from the scanned area 16 (FIG. 1). Both, the gantry 
motion system 30 and the robot motion system 40 may be 
integrated in a machine executing numerically controlled 
operations, such as drilling, trimming, or reaming (as shown 
in FIGS. 5 and 6). This may improve the product flow and 
automation of assembly processes, such as the aircraft 
airframe assembly, as well as provide more flexibility of 
assembly processes. 
0035) Referring now to FIG. 5, a flow chart of an assem 
bly process 50 is illustrated according to another embodi 
ment of the present invention. The assembly process 50 may 
start with the assembly of a substructure 38 (shown in FIGS. 
3 and 4) in step 51. In step 52, outer skins 39 may be fitted 
and fastened onto the substructure 38. The outer skins 39 
may be temporary or permanently fastened to the Substruc 
ture 38 forming the assembly 37 (shown in FIGS. 3 and 4). 
The assembly 37 may be moved to an assembly machine 
(step 53) and may be placed on the machine work bed in 
relative position within the machine work Zone (step 54). In 
step 55, a Substructure scanning system including a preci 
sion motion carriage 10 and a nondestructive scanning 
sensor 11 (FIG. 1), such as the gantry motion system 30 
(FIG. 3) or the robot motion system 40 (FIG. 4), may be 
loaded in the machine and may be activated. The scanning 
control software 181 and the signal processing software 182 
(FIG. 2) may be included in the interface of the assembly 
machine. In step 56, the scanning programs may be activated 
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and executed by the Substructure scanning system, for 
example, the gantry motion system 30 (FIG. 3) or the robot 
motion system 40 (FIG. 4). Step 56 may further include 
steps 57, 58, 59, and 61. The probe 11 that is operated as a 
scanning sensor may be positioned according to an assembly 
based programming model in step 57. The probe 11 may be 
activated and moved over the outer skin 39 of the assembly 
37 (as shown in FIG. 3 and 4) to scan for features of the 
substructure 38 per program instructions (step 58). The 
signal processing Software 182 may locate feature details of 
the substructure 38 and may extrapolate the true location 
dimensions in machine or assembly 37 coordinates in step 
59. All points may be scanned repeatedly to increase accu 
racy and scan point data may be collected and saved (step 
59). The determined true dimensions of the substructure 38 
features may be saved for use in program corrections of the 
assembly machine (step 61). When all scan points are 
completed for a series of numerically controlled programs, 
the Substructure Scanning system, for example, the gantry 
motion system 30 (FIG. 3) or the robot motion system 40 
(FIG. 4), may be removed from the machine or deactivated 
in step 62. In Step 63, the numerically controlled programs 
for the assembly machine may be executed, for example, 
drilling, trimming, or reaming operations, while the scan 
point data may be used to correct program points and to 
align the assembly 37 and, therefore, the features of the 
substructure 38, relative to the machining tools. After the 
machine completes all numerically controlled programs in 
step 63, the assembly 37 may be moved from the machine 
work bed in step 64. 
0.036 Referring now to FIG. 6, a flow chart of a method 
70 for machine coordinate correction is illustrated according 
to another embodiment of the present invention. The method 
70 may include the step of sending a correction request from 
an assembly machine (step 71). The assembly machine may 
be a numerically controlled assembly machine, for example, 
for the assembly of aircraft airframes. In step 72, a sub 
structure scanning system, for example, the gantry motion 
system 30 (FIG. 3) or the robot motion system 40 (FIG. 4), 
may be used to position a probe 11 (FIGS. 3 and 4) on the 
outer skin 39 of an assembly 37 (FIGS. 3 and 4) and to move 
the probe 11 across a small area 16 (FIG. 1) using an X-y 
raster scan approach (FIGS. 1 and 3). The probe 11 may be 
a scanning sensor. The probe 11 may be any nondestructive 
inspection sensor. The probe 11 may be preferably an eddy 
current scanning sensor. The method 70 may further include 
the step of collecting Scanning data each time the probe 11 
is moved by a small increment (step 73). In step 74, a data 
file may be compiled containing position information and 
scanning data obtained with the probe 11 for the x-y field 
(area 16, FIG. 1). In the following step 75, the obtained data 
file may be analyzed to identify substructure 38 features 
defined by the sensor data. Step 76 may include computing 
assembly machine coordinates to identify location of Sub 
structure 38 features relative to assembly machine position. 
Machine coordinates orienting the assembly machine rela 
tive to the substructure 38 features may be returned in step 
77. By applying the basic concept of the precision motion 
carriage 10 (as shown in FIG. 1) to Substructure scanning 
systems, for example, the gantry motion system 30 (FIG. 3) 
or the robot motion system 40 (FIG. 4), using probes 11 for 
nondestructive scanning, features of substructure 38 (FIGS. 
3 and 4) may be located with high accuracy meeting 
engineering tolerances. Furthermore, by using eddy current 
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for detecting Substructure the scanning may be performed 
through the outer skin 39 eliminating the steps of removing 
the outer skin, manually mapping the Substructure 38, and 
refastening the outer skin 39 to the substructure. Even 
though the method for detecting Substructure using precision 
eddy current Scanning has been described mainly for appli 
cation in the aircraft airframe assembly process, other appli 
cations, for example, in the automobile industry, may be 
possible. 

0037. It should be understood, of course, that the fore 
going relates to exemplary embodiments of the invention 
and that modifications may be made without departing from 
the spirit and scope of the invention as set forth in the 
following claims. 

What is claimed is: 
1. A method for precisely positioning and moving a probe, 

comprising the steps of: 

enclosing a two-dimensional area using a frame; 
inserting a first probe positioner including a first opening 

into said frame, wherein said first probe positioner is 
movable in y-direction within said frame; 

inserting a second probe positioner including a second 
opening into said frame, wherein said first probe posi 
tioner is movable in X-direction within said frame, and 
wherein said second probe positioner is located above 
said first probe positioner; 

forming a window with said first opening and with said 
Second opening: 

inserting a probe into said window; 

positioning said probe on said two-dimensional area using 
said first probe positioner and said second probe posi 
tioner to position; and 

moving said probe across said two-dimensional area in an 
X-y raster mode using said first probe positioner and 
said second probe positioner to move. 

2. The method for precisely positioning and moving a 
probe of claim 1, further comprising the steps of 

extending said first probe positioner across said frame in 
X-direction; 

extending said second probe positioner across said frame 
in y-direction; and 

forming a right angle with said first probe positioner and 
with said second probe positioner. 

3. The method for precisely positioning and moving a 
probe of claim 1, further comprising the step of: 

selecting said probe from a variety of nondestructive 
Scanning sensors. 

4. The method for precisely positioning and moving a 
probe of claim 1, further comprising the step of: 

inserting an eddy current scanning sensor into said win 
dow. 

5. The method for precisely positioning and moving a 
probe of claim 1, further comprising the steps of 
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Scanning said two-dimensional area by moving said probe 
across said area in an X-y raster mode; 

line Scanning said area in X-direction by moving said 
probe within said first opening; and 

line Scanning said area in y-direction by moving said 
probe within said second opening. 

6. The method for precisely positioning and moving a 
probe of claim 1, further comprising the steps of 
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connecting said first probe positioner and said second 
probe positioner with a computer interface; and 

controlling the movement of said first probe positioner 
and said second probe positioner with scanning control 
Software integrated in said computer interface. 


