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STEP 300 
PROVIDE A PLURALITY OF PARTS MANUFACTURED 

UTIZING A MANUFACURING DEVICE 

STEP 302 
DISPOSE OF ONE OF THE PARIS ON A PART SUPPORT 

STEP 304 
MAP AT LEAST A PORTION OF A SURFACE GEOMETRY 

OF THE PART ON THE PART SUPPORT 

STEP .306 
GENERATE A GEOMETRIC MAPPED MODEL OF THE PART 

UTILIZING THE MAPPED SURFACE GEOMETRY 

STEP 308 
REPEA STEPS 302 TO 306 FOR EACH OF THE UNMAPPED PARTS 

STEP 310 
COMPARE EACH OF THE MAPPED MODELS 

TO A GEOMETRC REFERENCE MODEL 
TO PROVIDE MODEL COMPARISON DATA 

STEP 316 
STRUCTURALLY ANALYZE THE MAPPED 
MODELS TO PROVIDE STRESS DATA 

INDICATIVE OF ONE OR MORE STRESS 
DISTRIBUTIONS 

STEP 312 
PROCESS THE MODEL COMPARISON DATA 

TO DETERMINEDEVATION BETWEEN 
THE MAPPED AND REFERENCE MODELS 

STEP 318 
EVALUATE THE STRESS DATA TO 
DETERMINE WHETHER THE STRESS 

DISTRIBUTIONS SATISFY PREDETERMINED 
STRESS TOLERANCES 

STEP 314 
EVALUATE THE DEVIATION TO DETERMINE 

WHETHER THE DEVATION SATISFES 
PREDETERMINED GEOMETRIC TOLERANCES 

STEP 320 
DETERMINE WHETHER THE MANUFACTURING DEVICE 

MANUFACTURES PARTS THAT COMPLY WITH 
A PART DESIGN SPECIFICATION 
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METHOD FOR INSPECTING A 
MANUFACTURING DEVICE 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 13/417,990 filed Mar. 12, 2012. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. This disclosure relates generally to methods for 
inspecting a manufacturing device and, more particularly, to 
methods for inspecting a manufacturing device by inspecting 
a plurality of parts that have been manufactured by the device. 
0004 2. Background Information 
0005 Various qualification methods are known for deter 
mining whether, for example, a rotor blade casting die can 
form a rotor blade that complies with a blade design specifi 
cation. The blade design specification may include informa 
tion regarding geometry and/or structural properties of the 
rotor blade. 
0006. A typical qualification method for a rotor blade cast 
ing die includes a step of creating a surface geometry map of 
at least one rotor blade, formed by the die, with a mechanical 
contact measuring device. Data from the Surface geometry 
map is analyzed to determine whether dimensions of the rotor 
blade are within tolerance of the geometry designated in the 
blade design specification. Such a qualification method, how 
ever, can be relatively time consuming since the mechanical 
contact measuring device measures one data point at a time. 

SUMMARY OF THE DISCLOSURE 

0007 According to a first aspect of the invention, a method 
is provided for inspecting a plurality of parts with an elec 
tronic measurement device and a processing system. The 
method includes steps of: (a) creating Surface geometry maps 
of a plurality of parts utilizing the electronic measurement 
device, where each part was, e.g., manufactured utilizing the 
manufacturing device; (b) generating geometric part models 
of the parts utilizing the Surface geometry maps; (c) compar 
ing each of the part models to a geometric reference model to 
provide model comparison data indicative of geometric dif 
ferences between the models; (d) processing the model com 
parison data to determine deviation between the part models 
and the reference model; and (e) evaluating the deviation to 
determine whether the deviation satisfies one or more prede 
termined geometric tolerances, where the steps of generating, 
comparing, processing and evaluating are performed by the 
processing System. 
0008 According to a second aspect of the invention, 
another method is provided for inspecting a plurality of parts 
with an electronic measurement device and a processing sys 
tem. The method includes steps of: (a) creating Surface geom 
etry maps of a plurality of parts utilizing the electronic mea 
Surement device, where each part was, e.g., manufactured 
utilizing the manufacturing device; (b) generating geometric 
part models of the parts utilizing the Surface geometry maps; 
(c) structurally analyzing at least some of the parts utilizing 
the respective part model to provide stress data indicative of at 
least one of a thermal stress distribution and a mechanical 
stress distribution for the respective parts; and (d) evaluating 
the stress data to determine whether at least one of the thermal 
stress distribution and the mechanical stress distribution sat 
isfies one or more predetermined stress tolerances, where the 
steps of generating, analyzing and evaluating are performed 
by the processing system. 
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0009. According to a third aspect of the invention, another 
method is provided for inspecting a plurality of parts with an 
electronic measurement device and a processing system. The 
method includes steps of: (a) creating Surface geometry maps 
of the parts utilizing the electronic measurement device; (b) 
comparing the Surface geometry maps to one another to pro 
vide an averaged surface geometry map; (c) generating an 
averaged geometric part model utilizing the averaged Surface 
geometry map; (d) comparing the averaged geometric part 
model to a geometric reference model to provide model com 
parison data indicative of geometric differences between the 
models; and (e) evaluating the model comparison data to 
determine whether one or more of the geometric differences 
between the models respectively satisfy one or more prede 
termined geometric tolerances, where the steps of comparing, 
generating and evaluating are performed by the processing 
system. 
0010. The foregoing features and the operation of the 
invention will become more apparent in light of the following 
description and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is a diagrammatic illustration of a system for 
inspecting a manufacturing device. 
0012 FIG. 2 is a diagrammatic illustration of a non-con 
tact sensor included in the system illustrated in FIG. 1. 
0013 FIG. 3 is a flow diagram of a method for inspecting 
a manufacturing device. 
0014 FIG. 4 is a statistical normal distribution comparing 
geometric differences between each of a plurality of part 
models and a reference model at a certain data point. 

DETAILED DESCRIPTION OF THE INVENTION 

0015 The present invention includes a method for inspect 
ing a manufacturing device and a method for inspecting a 
plurality of parts manufactured with the manufacturing 
device. An example of a manufacturing device is a die (e.g., a 
casting die, a forging die, etc.) for manufacturing a part Such 
as a hollow rotor blade for a gas turbine engine. Other 
examples of manufacturing devices include molds, stamping 
tools, etc. Briefly, the manufacturing device can be inspected, 
for example, by inspecting the plurality of parts that have 
been manufactured utilizing the manufacturing device. The 
parts can be inspected with an electronic measurement device 
that includes, for example, a non-contact sensor that can 
measure a plurality of data points on a Surface of one of the 
parts Substantially simultaneously. In this manner, the method 
can relatively quickly determine whether the manufacturing 
device manufactures parts that comply with a part design 
specification. The part design specification designates a set of 
geometric and/or structural design parameters that the parts 
are designed to exhibit. A geometric tolerance for a dimen 
sion of a feature (e.g., a radius of a fillet) on the part is an 
example of a geometric design parameter. A stress tolerance 
(e.g., a minimum mechanical or thermal stress tolerance) for 
a feature of the part is an example of a structural design 
parameter. 
0016 FIG. 1 illustrates a system 10 adapted to perform the 
aforesaid inspection methods. The system 10 includes an 
electronic measurement device 11, a Support stand 14 and a 
processing system 16. 
0017 Referring to FIGS. 1 and 2, the electronic measure 
ment device 11 can include a non-contact sensor 12 (e.g., a 
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white light optical scanner) adapted to map at least a portion 
of a surface 18 of a part 20. The term “map' is used herein to 
describe a process of applying a (e.g., high density) triangu 
lated mesh of Surface data points to a part Surface. In the 
embodiment shown in FIG. 2, the non-contact sensor 12 
includes a fringe pattern projector 22 and one or more cam 
eras 24. The projector 22 is adapted to project a point, line 
and/or pattern of light (e.g., white light). Each camera 24 is 
adapted to capture an image of the projected light. An 
example of such a projector and cameras is disclosed in U.S. 
Patent Application Publication No. 2009/0033947, which is 
hereby incorporated by reference in its entirety. Other 
examples of a non-contact sensor may include a laser scan 
ning device, a blue light optical scanner, a computed axial 
tomography scanning (CAT Scan) device, etc. In alternate 
embodiments, the electronic measurement device 11 can 
include a contact sensor Such as, for example, a coordinate 
measuring machine (CMM). 
0018 Referring again to FIG. 1, the support stand 14 
includes a base 26, a part Support 28 and a sensor Support 30. 
The part support 28 extends from the base 26 to a part support 
surface 32. The sensor support 30 extends from the base 26 to 
a first end 34. The sensor support 30 includes a sensor mount 
36 disposed axially between the base 26 and the first end 34. 
which connects the non-contact sensor 12 to the sensor Sup 
port 30. 
0019. The processing system 16 can be implemented 
using hardware, Software, or a combination thereof. The 
hardware can include one or more processors, a memory, 
analog and/or digital circuitry, etc. The processing system 16 
is in signal communication (e.g., hardwired or wirelessly 
connected) with the non-contact sensor 12. 
0020 FIG. 3 is a flow diagram of a method for inspecting 
a manufacturing device. In step 300, a plurality of parts (e.g., 
twenty-five or more parts) are provided that were manufac 
tured utilizing the manufacturing device. 
0021 Referring to FIGS. 1 and 3, in step 302, one of the 
parts 20 is disposed on the part support surface 32. 
0022. In step 304, the processing system 16 signals the 
non-contact sensor 12 to create a Surface geometry map of the 
part 20 disposed on the part support surface 32. Referring to 
FIG. 2, for example, the projector 22 can project a pattern of 
alternating parallel light (e.g., white, or any other suitable 
color) and dark (e.g., black) lines onto the surface 18 of the 
part 20. The lines may be distorted by contours, edges and/or 
other features (e.g., apertures) of the part surface 18. Images 
of the lines on the part surface 18 are captured by the cameras 
24, and processed by the processing system 16 (see FIG. 1) to 
provide a surface geometry map (e.g., a 3D contour plot) of 
the part 20. The Surface geometry map includes a triangulated 
mesh of surface points that locate corresponding points on the 
part Surface 18 in three-dimensional space. In some embodi 
ments, the triangulated mesh of surface points can be normal 
ized to a predetermined reference coordinate space. 
0023 Referring again to FIGS. 1 and 3, in step 306, the 
processing system 16 generates a geometric part model of the 
part 20 utilizing the Surface geometry map. The part model 
can be generated, for example, by performing a Surface fitting 
to the triangulated mesh of normalized surface points. The 
present invention, however, is not limited to Such a Surface 
fitting technique. 
0024. In step 308, steps 302 to 306 are repeated for each of 
the unmapped parts such that a geometric part model is gen 
erated sequentially for each of the parts. 
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0025. In step 310, the processing system 16 compares each 
of the part models to a geometric reference model (e.g., a 
predetermined geometric model of the parts as they are 
designed). Certain data points from each of the part models, 
for example, can be spatially compared to corresponding data 
points from the reference model to provide model compari 
son data. The model comparison data is indicative of geomet 
ric differences between the part models and the reference 
model (e.g., spatial differences between corresponding 
model data points). 
0026. In step 312, the processing system 16 processes the 
model comparison data to determine deviation between the 
part models and the reference model. The model comparison 
data is processed, for example, by Statistically comparing the 
geometric differences between the models at corresponding 
model data points using statistical normal distributions (e.g., 
bell curves), each having a probability density function. Data 
from the normal distributions can Subsequently be analyzed 
to determine the deviation. Referring to FIG. 4, the deviation 
can be an upper and/or a lower fourth standard deviation (e.g., 
+/-4O) to account for, for example, manufacturing device 
wear, etc. Alternatively, the data can be processed utilizing a 
process capability ratio (CPK) method, a mean deviation 
method, etc. 
0027. Referring again to FIGS. 1 and 3, in step 314, the 
processing system 16 evaluates the deviation between the part 
models and the reference model to determine whether the 
deviation satisfies predetermined geometric tolerances des 
ignated by the part design specification. The predetermined 
geometric tolerances include one or more lower (e.g., mini 
mum) tolerance values and/or one or more upper (e.g., maxi 
mum) tolerance values. The deviation satisfies the predeter 
mined geometric tolerances where, for example, values of the 
fourth standard deviation are greater than respective lower 
tolerance values, and less than respective upper tolerance 
values. The deviation may not satisfy the predetermined geo 
metric tolerances, however, where the fourth standard devia 
tion values are less than respective lower tolerance values, or 
greater than respective upper tolerance values. 
0028. In step 316, the processing system 16 structurally 
analyzes each of the parts 20 utilizing the respective part 
model to provide stress data. A finite element analysis (FEA), 
for example, may be performed on each respective part model 
using one or more predetermined operating conditions (e.g., 
rotational speed, operating temperature, forces Subjected 
thereon, etc.) to determine the stress data. Alternatively, the 
processing system 16 may collectively process one or more of 
the part models to provide an average structural analysis for a 
respective grouping of the parts. The stress data may be 
indicative of, for example, a thermal stress distribution and/or 
a mechanical stress distribution that the parts 20 may be 
subjected to during use. In embodiments where the part 20 is 
a rotor blade, for example, the stress data can be indicative of 
athermal stress distribution and a mechanical stress distribu 
tion, which the blade is Subject to when a gas turbine engine 
is being operating at full throttle. 
0029. In step 318, the processing system 16 evaluates the 
stress data to determine whether the stress distributions sat 
isfy predetermined stress tolerances designated by the part 
design specification. The predetermined stress tolerances 
may include, for example, one or more thermal stress toler 
ance values, and/or one or more mechanical stress tolerance 
values. The thermal stress distribution satisfies the predeter 
mined stress tolerances where, for example, thermal stress 
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values from the thermal stress distribution are less than cor 
responding thermal stress tolerance values. Similarly, the 
mechanical stress distribution satisfies the predetermined 
stress tolerances where, for example, mechanical stress val 
ues from the mechanical stress distribution are less than cor 
responding mechanical stress tolerance values. 
0030. In step 320, the processing system 16 determines 
whether the manufacturing device manufactures parts 20 that 
comply with the part design specification. The parts are deter 
mined to comply with the part design specification, for 
example, where the deviation satisfies the geometric toler 
ances and/or the stress distributions satisfy the stress toler 
aCCS. 

0031. In alternate embodiments, the processing system 
can compare the Surface geometry maps of a plurality of the 
parts to provide an averaged Surface geometry map. Values 
for certain data points from each of the Surface geometry 
maps, for example, can be respectively processed (e.g., aver 
aged) to provide averaged values thereof. Examples of a value 
can include (i) a measurement value indicative of a measured 
coordinate of a Surface point on the part, (ii) a statistical 
deviation (e.g., a standard deviation) between the measured 
coordinate and a respective reference coordinate (e.g., 
included in the part design specification), (iii) a process capa 
bility ratio (CPK) between the measured coordinate and the 
respective reference coordinate, etc. Other examples of 
valves can include an upper control limit (UCL) and/or a 
lower control limit (LCL), which are bounds (e.g., limits) that 
are established by, for example, an engineering analysis using 
FEA, blueprint, statistics, etc. The averaged surface geometry 
map can Subsequently be utilized to generate an averaged 
geometric part model, which can be compared to the geomet 
ric reference model to provide model comparison data. The 
model comparison data is indicative of one or more geometric 
differences between the models, which can be evaluated uti 
lizing tolerances as described above. 
0032. While various embodiments of the present invention 
have been disclosed, it will be apparent to those of ordinary 
skill in the art that many more embodiments and implemen 
tations are possible within the scope of the invention. Accord 
ingly, the present invention is not to be restricted except in 
light of the attached claims and their equivalents. 
What is claimed is: 
1. A method for inspecting a plurality of parts with an 

electronic measurement device and a processing system, 
comprising: 

creating Surface geometry maps of the parts utilizing the 
electronic measurement device; 

generating geometric part models of the parts utilizing the 
Surface geometry maps; 

comparing each of the part models to a geometric reference 
model to provide model comparison data indicative of 
geometric differences between the models; 

processing the model comparison data to determine devia 
tion between the part models and the reference model; 
and 

evaluating the deviation to determine whether the deviation 
satisfies one or more predetermined geometric toler 
ances, 

wherein the generating, the comparing, the processing and 
the evaluating are performed by the processing system. 

2. The method of claim 1, wherein the parts are manufac 
tured utilizing a manufacturing device. 
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3. The method of claim 2, further comprising determining 
that the manufacturing device manufactures parts that comply 
with a part design specification where the deviation satisfies 
the geometric tolerances. 

4. The method of claim 2, wherein the manufacturing 
device comprises a die. 

5. The method of claim 1, wherein: 
the geometric tolerances include at least one of a lower 

tolerance value and an upper tolerance value; and 
the geometric deviation satisfies the predetermined geo 

metric tolerances where a value of the deviation is at 
least one of greater than the lower tolerance value, and 
less than the upper tolerance value. 

6. The method of claim 1, wherein the processing of the 
model comparison data comprises: 

statically comparing the geometric differences between the 
part models and the reference model using a normal 
distribution; and 

analyzing the normal distribution to determine the devia 
tion. 

7. The method of claim 6, wherein the deviation comprises 
a fourth standard deviation. 

8. The method of claim 1, further comprising structurally 
analyzing each of the parts utilizing the part models to pro 
vide stress data indicative of at least one of a thermal stress 
distribution and a mechanical stress distribution for each of 
the parts. 

9. The method of claim8, further comprising evaluating the 
stress data to determine whether at least one of the thermal 
stress distribution and the mechanical stress distribution sat 
isfies one or more predetermined stress tolerances. 

10. The method of claim 9, further comprising determining 
that the parts comply with a part design specification where 

the deviation satisfies the geometric tolerances; and 
at least one of the thermal stress distribution and the 

mechanical stress distribution satisfies the predeter 
mined stress tolerances. 

11. The method of claim 1, wherein the electronic mea 
Surement device comprises a white light optical scanner. 

12. A method for inspecting a plurality of parts with an 
electronic measurement device and a processing system, 
comprising: 

creating Surface geometry maps of the parts utilizing the 
electronic measurement device; 

generating geometric part models of the parts utilizing the 
Surface geometry maps; 

structurally analyzing at least Some of the parts utilizing 
the respective part models to provide stress data indica 
tive of at least one of a thermal stress distribution and a 
mechanical stress distribution for the respective parts; 
and 

evaluating the stress data to determine whether at least one 
of the thermal stress distribution and the mechanical 
stress distribution satisfies one or more predetermined 
stress tolerances; 

wherein the generating, the analyzing and the evaluating 
are performed by the processing system. 

13. The method of claim 12, wherein the structural analysis 
is performed for each of the parts, and wherein the stress data 
is indicative of at least one of athermal stress distribution and 
a mechanical stress distribution for each of the parts. 

14. The method of claim 12, wherein the parts are manu 
factured utilizing a manufacturing device. 
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15. The method of claim 14, further comprising determin 
ing that the manufacturing device manufactures parts that 
comply with a part design specification where the at least one 
of the thermal stress distribution and the mechanical stress 
distribution satisfies the predetermined stress tolerances. 

16. The method of claim 12, wherein: 
the predetermined stress tolerances have a thermal stress 

tolerance value; and 
the thermal stress distribution satisfies the predetermined 

stress tolerances where a thermal stress value of the 
thermal stress distribution is less than the thermal stress 
tolerance value. 

17. The method of claim 12, wherein: 
the predetermined stress tolerances have a mechanical 

stress tolerance value; and 
the mechanical stress distribution satisfies the predeter 

mined stress tolerances where a mechanical stress value 
of the mechanical stress distribution is less than the 
mechanical stress tolerance value. 

18. The method of claim 12, further comprising: 
comparing each of the part models to a geometric reference 
model to provide model comparison data indicative of 
geometric differences between the models; 
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processing the model comparison data to determine devia 
tion between the part models and the reference model; 
and 

evaluating the deviation to determine whether the deviation 
satisfies one or more predetermined geometric toler 
aCCS, 

19. The method of claim 18, wherein the processing of the 
model comparison data comprises: 

statically comparing the geometric differences between the 
part models and the reference model using a normal 
distribution; and 

analyzing the normal distribution to determine the devia 
tion. 

20. The method of claim 19, wherein the deviation com 
prises a fourth standard deviation. 

21. The method of claim 20, further comprising determin 
ing that the parts comply with a part design specification 
where 

the deviation satisfies the geometric tolerances; and 
at least one of the thermal stress distribution and the 

mechanical stress distribution satisfies the predeter 
mined stress tolerances. 

22. The method of claim 12, wherein the electronic mea 
Surement device comprises a white light optical scanner. 

k k k k k 


