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METHOD AND APPARATUS FOR FACILITATING PART VERIFICATION  

TECHNICAL FIELD 

[0001] The present disclosure relates to automated arms, and more particularly to a 

method and apparatus for configuring automated arms to facilitate verification of a part.  

BACKGROUND 

[0002] Gas turbine engines include a variety of parts, such as tubes, that have a 

complex geometry with precise dimensional requirements. For example, a given tube may have a 

defined length and diameter, and a profile that includes a plurality of curves and/or bends. If a 

worn tube is repaired (e.g., by welding), it may be desirable to verify that the repaired tube still 

complies with the dimensional requirements of its design.  

[0003] In the prior art, technicians seeking to perform such a verification had to 

manually configure an inspection station for a given tube design, which involved precisely 

arranging a variety of contact points for a template tube, and then verifying one or more 

additional tubes against those contact points. For example, contact points may be situated at 

different locations along the length of the template tube (e.g., respective contact points for 

different discrete sections of a tube). Once an inspection station was configured, a technician 

could determine whether a repaired tube placed in the inspection station contacted all of the 

intended contact points. If some contact points are not contacted, that may be evidence of tube 

misalignment, for example. The process of manually configuring inspection stations is very time-

consuming.  

SUMMARY  

[0004] One example embodiment of a system includes a set of automated arms, each 

including a holder configured to support a portion of a part, the set including a quantity of 

automated arms and holders sufficient for verifying a complex geometry of the part, with the 

automated arms being configured to move the holders into respective verification positions. A 

computing device includes memory that stores a plurality of predefined automated arm 
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configurations, each of which includes holder verification positions to support portions of a part 

having a respective complex geometry. The computing device is configured to manipulate the set 

of automated arms to implement the holder verification positions of a selected one of the 

automated arm configurations.  

[0005] In another example embodiment of the above described system, the part is a 

tube, and each holder includes a groove or pin configured to support a respective portion of the 

tube.  

[0006] In another example embodiment of any of the above described systems, the 

system includes an electronic display operable to display a user interface for receiving automated 

arm configuration selections from a user.  

[0007] In another example embodiment of any of the above described systems, each 

of the automated arms includes a base and a series of arm segments and joints that connect the 

base to the groove, and each automated arm configuration includes a desired rotational angle for 

the joints of each of the automated arms. 

[0008] In another example embodiment of any of the above described systems, the 

computing device is configured to record a rotational angle of the joints of each of the automated 

arms as a new automated arm configuration after one or more of the automated arms have been 

manually manipulated.  

[0009] In another example embodiment of any of the above described systems, the 

memory also stores a default automated arm configuration for each of the automated arms, and 

the computing device is configured to return each of the automated arms to the default automated 

arm configuration prior to implementing the selected automated arm configuration.  

[0010] In another example embodiment of any of the above described systems, the 

set of automated arms includes eight automated arms.  

[0011] In another example embodiment of any of the above described systems, the 

set of automated arms includes six automated arms that are situated in an enclosure that includes 

opposing first and second walls, three of the six arms are mounted to the first wall, and three of 

the six arms are mounted to the second wall.  
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[0012] In another example embodiment of any of the above described systems, each 

of the automated arms is operable to move its holder with six degrees of freedom.  

[0013] In another example embodiment of any of the above described systems, the 

holder of each automated arm is situated at a first end of the automated arm, and a base of the 

automated arm is situated at an opposite, second end of the automated arm.  

[0014] In another example embodiment of any of the above described systems, the 

part is a component of a gas turbine engine.  

[0015] One example embodiment of a method of facilitating inspection of a part 

having a complex geometry includes determining a selected one of a plurality of predefined 

automated arm configurations, each of which includes automated arm positions for a respective 

part having a complex geometry. The method includes controlling a set of automated arms, each 

of which includes a holder configured to support a portion of a part for verification, to situate 

their respective holders in verification positions based on the automated arm positions of the 

selected automated arm configuration. The set includes a quantity of automated arms and holders 

that is sufficient for verifying the complex geometry of the part. 

[0016] In another example embodiment of the above described method, each 

automated arm includes a base and a series of arm segments and joints that connect the base to 

the holder; and the controlling includes determining desired rotational angles for the joints of 

each automated arm based on the selected automated arm configuration, and articulating the 

joints of each automated arm to implement the desired rotational angles. 

[0017] In another example embodiment of any of the above described methods, 

articulating the joints of each automated arm to implement the desired rotational angles includes 

staggering movement of the automated arms such that one or more of the automated arms is 

stationary while one or more other of the automated arms is moving. 

[0018] In another example embodiment of any of the above described methods, 

staggering movement of the automated arms includes advancing each of the automated arms to 

their respective desired rotational angles in stages, and keeping individual ones of the automated 

arms stationary between their respective stages.  
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[0019] In another example embodiment of any of the above described methods, a 

rotational angle of each of the series of joints is recorded as a new automated arm configuration 

after one or more of the automated arms have been manually manipulated. 

[0020] In another example embodiment of any of the above described methods, the 

set of automated arms includes six automated arms that are situated in an enclosure that includes 

opposing first and second walls, three of the six automated arms are mounted to the first wall, 

and three of the six automated arms are mounted to the second wall.  

[0021] In another example embodiment of any of the above described methods, the 

controlling includes returning each of the automated arms from an initial automated arm 

configuration to a default automated arm configuration prior to implementing the selected 

automated arm configuration. 

[0022] In another example embodiment of any of the above described methods, each 

of the automated arm configurations includes a respective predefined movement path for each 

holder to follow from the default automated arm configuration to implement the selected 

automated arm configuration.  

[0023] In another example embodiment of any of the above described methods, a part 

is placed into position on at least one of the holders that is in its respective verification position 

for the selected automated arm configuration, and a verification of whether the part complies 

with the complex geometry of the selected automated arm configuration is performed based on 

the placing.  

[0024] The embodiments described herein may be taken independently or in any 

combination. Features described in connection with one embodiment are applicable to all 

embodiments, unless such features are incompatible. The features described above, and other 

features, may be best understood from the following drawings and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0031] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine 

engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section 22, 

a compressor section 24, a combustor section 26 and a turbine section 28. Alternative engines 

might include an augmentor section (not shown) among other systems or features. The fan 

section 22 drives air along a bypass flow path B in a bypass duct defined within a nacelle 15, 

while the compressor section 24 drives air along a core flow path C for compression and 

communication into the combustor section 26 then expansion through the turbine section 28. 

Although depicted as a two-spool turbofan gas turbine engine in the disclosed non-limiting 

embodiment, it should be understood that the concepts described herein are not limited to use 

with two-spool turbofans as the teachings may be applied to other types of turbine engines 

including three-spool architectures. 

[0032] The exemplary engine 20 generally includes a low speed spool 30 and a high 

speed spool 32 mounted for rotation about an engine central longitudinal axis A relative to an 

engine static structure 36 via several bearing systems 38. It should be understood that various 

bearing systems 38 at various locations may alternatively or additionally be provided$����� ��
�
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[0033] The low speed spool 30 generally includes an inner shaft 40 that interconnects 

a fan 42, a first (or low) pressure compressor 44 and a first (or low) pressure turbine 46. The 

inner shaft 40 is connected to the fan 42 through a 
�
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���geared architecture 48 to drive the fan 42 at a 

lower speed than the low speed spool 30. The high speed spool 32 includes an outer shaft 50 that 

interconnects a second (or high) pressure compressor 52 and a second (or high) pressure turbine 

54. A combustor 56 is arranged ��� 
�
������� ��
� ������
� �&� between the high pressure 

compressor 52 and the high pressure turbine 54. A mid-turbine frame 57 of the engine static 

structure 36 is arranged generally between the high pressure turbine 54 and the low pressure 

turbine 46. The mid-turbine frame 57 further supports bearing systems 38 in the turbine section 

28. The inner shaft 40 and the outer shaft 50 are concentric and rotate via bearing systems 38 

about the engine central longitudinal axis A which is collinear with their longitudinal axes. 

[0034] The core airflow is compressed by the low pressure compressor 44 then the 

high pressure compressor 52, mixed and burned with fuel in the combustor 56, then expanded 

over the high pressure turbine 54 and low pressure turbine 46. The mid-turbine frame 57 includes 

airfoils 59 which are in the core airflow path C. The turbines 46, 54 rotationally drive the 

respective low speed spool 30 and high speed spool 32 in response to the expansion. '��������
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[0035] The engine 20 in one example is a high-bypass geared aircraft engine. In a 

further example, the engine 20 bypass ratio is greater than about six (6), with an example 

embodiment being greater than about ten (10), the geared architecture 48 is an epicyclic gear 

train, such as a planetary gear system or other gear system, with a gear reduction ratio of greater 

than about 2.3 and the low pressure turbine 46 has a pressure ratio that is greater than about five. 

In one disclosed embodiment, the engine 20 bypass ratio is greater than about ten (10:1), the fan 

diameter is significantly larger than that of the low pressure compressor 44, and the low pressure 

turbine 46 has a pressure ratio that is greater than about five 5:1. Low pressure turbine 46 

pressure ratio is pressure measured prior to inlet of low pressure turbine 46 as related to the 

pressure at the outlet of the low pressure turbine 46 prior to an exhaust nozzle. The geared 

architecture 48 may be an epicycle gear train, such as a planetary gear system or other gear 
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system, with a gear reduction ratio of greater than about 2.3:1. It should be understood, however, 

that the above parameters are only exemplary of one embodiment of a geared architecture engine 

and that the present disclosure is applicable to other gas turbine engines including direct drive 

turbofans. 

[0036] A significant amount of thrust is provided by the bypass flow B due to the 

high bypass ratio. The fan section 22 of the engine 20 is designed for a particular flight condition 

-- typically cruise at about 0.8 Mach and about 35,000 feet (10,668 meters). The flight condition 

of 0.8 Mach and 35,000 ft (10,668 meters), with the engine at its best fuel consumption - also 

known as “bucket cruise Thrust Specific Fuel Consumption (‘TSFC’)” - is the industry standard 

parameter of lbm of fuel being burned divided by lbf of thrust the engine produces at that 

minimum point. “Low fan pressure ratio” is the pressure ratio across the fan blade alone, without 

a Fan Exit Guide Vane (“FEGV”) system. The low fan pressure ratio as disclosed herein 

according to one non-limiting embodiment is less than about 1.45. “Low corrected fan tip speed” 

is the actual fan tip speed in ft/sec divided by an industry standard temperature correction of 

[(Tram °R) / (518.7 °R)]
0.5

. The “Low corrected fan tip speed” as disclosed herein according to 

one non-limiting embodiment is less than about 1150 ft / second (350.5 meters/second). 
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What is claimed is: 
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4. The system of claim 1, wherein each of the automated arms comprises a base and a series 

of arm segments and joints that connect the base to the groove, and 
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5. The system of claim 4, wherein the computing device is configured to record a rotational 

angle of the joints of each of the automated arms as a new automated arm configuration after one 

or more of the automated arms have been manually manipulated. �
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12. A method of facilitating inspection of a part having a complex geometry, the method 

comprising: 

determining a selected one of a plurality of predefined automated arm configurations, 
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controlling a set of automated arms, each of which comprises a holder configured to 

support a portion of a part for verification, to situate their respective holders in verification 

positions based on the automated arm positions of the selected automated arm configuration, 

wherein the set includes a quantity of automated arms and holders that is sufficient for verifying 

the complex geometry of the part.  

13. The method of claim 12:  

wherein each automated arm comprises a base and a series of arm segments and joints 

that connect the base to the holder; and 

wherein the controlling comprises determining desired rotational angles for the joints of 

each automated arm based on the selected automated arm configuration, and articulating the 

joints of each automated arm to implement the desired rotational angles. 
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����������������the joints of each automated arm to 

implement the desired rotational angles comprises staggering movement of the automated arms 

such that one or more of the automated arms is stationary while one or more other of the 

automated arms is moving.�
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recording a rotational angle of each of the series of joints as a new automated arm 

configuration after one or more of the automated arms have been manually manipulated.�
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configuration. 
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