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CLASSIFICATION OF GAS TURBINE ENGINE  
COMPONENTS AND DECISION FOR USE 

 

BACKGROUND OF THE INVENTION 

This application relates to a method and system for providing more effective 5 

usage decisions on gas turbine engine components. 

Gas turbine engines are known and typically include a fan delivering air into 

a compressor, where it is compressed, and then delivered into a combustor.  The air 

is mixed with fuel and ignited.  Products of this combustion pass downstream over 

turbine rotors, driving them to rotate.  The turbine rotors, in turn, rotate the 10 

compressor and fan rotors. 

As with any manufactured components, gas turbine engine components are 

subject to manufacturing tolerances.  As such, some components may be closer to 

specification, and other components may be further away.  Presently, the components 

are closely monitored to ensure they are within acceptable tolerance range, but other 15 

than this, no actual decision is made as to an eventual use based upon the distance 

from specification.  Thus, when components, say turbine blades, are shipped with a 

turbine rotor, there may be a number of turbine blades close to specification, and a 

number of turbine blades away from specification on a common rotor.  Such a 

“striped” rotor has a limited operational life, as the failure of the blade spaced 20 

furthest from specification will cause the entire rotor to come offline. 

Each flight includes a speed increase at takeoff, which rapidly applies stresses 

on the rotating parts.  Then, there is climb which is also relatively high power, cruise 

at altitude which is relatively low power, and then landing and a thrust reverse to stop 

movement of the aircraft.   25 

However, all flights are not equal.  The stresses and challenges on the 

components are different for different flights.   

It has been proposed to identify a characteristic of a turbine blade, and 

namely, the quality of the cooling channels formed within the blade, and group 

blades together based upon whether they are “low flow” or “high flow.”   30 

\ 

SUMMARY OF THE INVENTION 

In a featured embodiment, a method of determining a use for substantially the 

same gas turbine engine components and comprises the steps of receiving 
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manufacturing information about a plurality of gas turbine engine components; 

classifying each of the plurality of gas turbine engine components into at least two 

categories, with a first category being components closer to a specification than a 

second category; and recommending a suggested future use for the first category on 

aircraft that will operate in more challenging flight conditions and for the second 5 

category on aircraft that will operate in less challenging flight conditions.  

In another embodiment according to the previous embodiment, the 

recommended future use includes a suggestion to utilize component of the first and 

second categories on particular type flights. 

In another embodiment according to any of the previous embodiments, the 10 

particular type flights are on an engine having a particle thrust rating. 

In another embodiment according to any of the previous embodiments, the 

thrust ratings of all the engines at sea level take-off are plus or minus 25%.  

In another embodiment according to any of the previous embodiments, the 

particular type flights are for use on an aircraft flying routes having distinctly 15 

different ambient temperature. 

In another embodiment according to any of the previous embodiments, the 

component includes an internal cooling cavity, and the classification is done, at least 

in part, based upon a shape of the internal cooling cavity. 

In another embodiment according to any of the previous embodiments, the 20 

component has an outer coating, and the classification is done, at least in part, based 

upon on a thickness of the coating. 

In another embodiment according to any of the previous embodiments, the 

component has outer geometric features which are measured, and the classification is 

done, at least in part, based upon the outer geometric features. 25 

In another embodiment according to any of the previous embodiments, the 

component includes a cooling cavity, and the classification is also done, at least in 

part, based upon a wall thickness from the internal cooling cavity to an outer wall. 

In another embodiment according to any of the previous embodiments, the 

component has an outer coating, and the classification is also done, at least in part, on 30 

a thickness of the coating. 

In another embodiment according to any of the previous embodiments, the 

component has an outer coating, and the classification is also done, at least in part, on 

a thickness of the coating. 



 3 

In another featured embodiment, a system has a ground-based system 

programmed to perform the following steps: receiving manufacturing information 

about a plurality of gas turbine engine components; classifying each of the plurality 

of gas turbine engine components into at least two categories, with a first category 

being components closer to specification than a second category; and recommending 5 

a suggested future use for the first category on aircraft that will operate in more 

challenging flight conditions and for the second category on aircraft that will operate 

in less challenging flight conditions.  

In another embodiment according to the previous embodiment, the 

recommended future use includes a suggestion to utilize component of the first and 10 

second categories on particular type flights. 

In another embodiment according to any of the previous embodiments, the 

particular type flights are on an engine having a particle thrust rating. 

In another embodiment according to any of the previous embodiments, the 

thrust ratings of all the engines at sea level take-off are plus or minus 25%.     15 

In another embodiment according to any of the previous embodiments, the 

particular type flights are for use on an aircraft flying routes having distinctly 

different ambient temperature. 

In another embodiment according to any of the previous embodiments, the 

component includes an internal cooling cavity, and the classification is done, at least 20 

in part, based upon a shape of the internal cooling cavity. 

In another embodiment according to any of the previous embodiments, the 

component has an outer coating, and the classification is done, at least in part, based 

upon on a thickness of the coating. 

In another embodiment according to any of the previous embodiments, the 25 

component has outer geometric features which are measured, and the classification is 

done, at least in part, based upon the outer geometric features. 

In another embodiment according to any of the previous embodiments, the 

component includes an internal cooling cavity, and the classification is also done, at 

least in part, based upon a shape of the internal cooling cavity. 30 

These and other features can be best understood from the following 

specification and drawings, the following of which is a brief description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a gas turbine engine schematically. 

Figure 2 shows a number of possible flight scenarios. 

Figure 3A schematically shows an airfoil. 5 

Figure 3B shows data gathered with regard to a particular airfoil. 

Figure 3C shows a cross section of an airfoil. 

Figure 3D is a graph showing potential uses for particular gas turbine engine 

components. 

Figure 4 shows a system. 10 

Figure 5A shows a prior art acceptable range for a particular component. 

Figure 5B shows how the disclosed method expands the acceptable range. 

 

DETAILED DESCRIPTION 

Figure 1 schematically illustrates a gas turbine engine 20.  The gas turbine 15 

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 20 

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 25 

including three-spool architectures. 

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 30 

additionally be provided, and the location of bearing systems 38 may be varied as 

appropriate to the application. 

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) 
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pressure turbine 46.  The inner shaft 40 is connected to the fan 42 through a speed 

change mechanism, which in exemplary gas turbine engine 20 is illustrated as a 

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 5 

combustor 56 is arranged in exemplary gas turbine 20 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 10 

concentric and rotate via bearing systems 38 about the engine central longitudinal 

axis A which is collinear with their longitudinal axes. 

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-15 

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.  It will be appreciated that each of the 

positions of the fan section 22, compressor section 24, combustor section 26, turbine 

section 28, and fan drive gear system 48 may be varied.  For example, gear system 48 20 

may be located aft of combustor section 26 or even aft of turbine section 28, and fan 

section 22 may be positioned forward or aft of the location of gear system 48. 

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 25 

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 30 

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 
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planetary gear system or other gear 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 

invention is applicable to other gas turbine engines including direct drive turbofans. 

A significant amount of thrust is provided by the bypass flow B due to the 5 

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.  The 

flight condition of 0.8 Mach and 35,000 ft, 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 10 

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 15 

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. 

Figure 2 is a map showing the Americas.  Three sample flights are illustrated.  

Flight A is in a cold environment and for a relatively long distance.  Flight B is over 20 

a shorter distance.  Flight C is over a distance which is long and in a relatively hot 

area closer to the equator.   

Applicant has recognized that there may be greater challenges and stresses on 

aircraft engine components for the longer flights A and C than for the shorter flight 

B.  This is because the aircraft typically carries greater weight and fuel.  Thus, such 25 

flights use an engine that develops a good deal more thrust.  The greater thrust 

provides a different amount of stresses to aircraft engine components than would be 

the case for the flight B.   Of course, these are examples only.  A flight between 

continents could provide different stress. 

In one application, substantially the same gas turbine engine component, such 30 

as a turbine rotor with disks, blades and sideplates might be for use on gas turbine 

engines having a thrust rating at sea level take-off which is plus or minus 25%. 

Substantially the same also means for a turbine blade, for example, the part has the 

substantially the same weight and substantially the same outer dimensions such that 
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the part, without further criteria, would be interchangeable in the engine assembly. 

Changes to the engine control for essentially the same engine can be utilized to 

achieve different thrust ratings across such a range.   

In addition, the flight C in a relatively hot area may result in more challenges 

and stresses on aircraft engine components than would the flight A or B in relatively 5 

cooler areas. 

As an example, temperatures within the gas turbine engine vary by multiples 

of degrees for each increased degree in ambient temperature. 

In the prior art, since all gas turbine engine components are grouped together 

and shipped to an operator, a component which is closer to specification is as likely 10 

to be shipped with an engine to be utilized on an aircraft having more challenging 

conditions as to an aircraft having less challenging conditions.  Similarly, a 

component spaced further from specification would also be as likely to be placed on 

an aircraft in a more challenging use as it would be to be utilized in a less challenging 

use. 15 

The teachings of this disclosure groups those gas turbine engine components 

closer to specification for use on more challenging applications, and such that the 

entire engine is provided with such components. The components which are spaced 

further from specification would be utilized in less challenging aircraft uses. 

Thus, a gas turbine engine utilized on a more challenging aircraft use would 20 

be operational for a longer period of time than an engine with “striped” rotor airfoil 

components,  due to the  more common components which are closer to the optimal 

specification of its components. 

On the other hand, an aircraft having less challenging uses would not be 

harmed as the components would likely be more than capable of handling the less 25 

challenging operation.  

Since useful life is often determined by the performance of the lowest 

capability part in the more challenging use case, the less challenging use cases will 

also benefit as their utilization will not be penalized by the challenging operators 

“extreme use.” Said another way, the operators with less challenging use applications 30 

will receive components that are well suited for those applications, and are fully 

suited for the quality required of the less challenging application. 

Figure 3A shows a component 100, which is a gas turbine engine turbine 

blade air foil.  However, the teaching of this disclosure extends to many other 



 8 

components.  It is known to gather a number of numeric details with regard to each 

formed component, as shown in Figure 3B.  Figure 3B shows all of the measured 

geometric features as the same number “999.”  Of course, in practice, these numbers 

would all vary for different engine aircraft applications.  

Figure 3C shows a cross-section through the airfoil 100.  Three distinct 5 

characteristics are shown.  First, a central cavity 101 is spaced from an outer wall of 

the airfoil by a wall thickness W.  Although a wall thickness W is mentioned, other 

aspects that would provide an indication of the shape of a cooling cavity can be 

utilized.  Stated another way, the component may have inner cooling cavity 

geometric features which can be measured and the classification done, at least in part, 10 

based upon the inner geometric features.  A coating has a coating thickness C.  The 

airfoil 100 itself has a number of geometric characteristics shown, as one example d. 

Among the details gathered in the table of Figure 3B are each of the W, C and 

d. 

By evaluating these characteristics, and other characteristics, each formed gas 15 

turbine engine component can be classified into a number of categories.  The 

categories could be defined as close to specification, or spaced further from 

specification.  Further, these differences could be quantified into a percentile ranking 

with gradients across the range. 

This disclosure thus classifies components on several characteristics that were 20 

never considered by the prior art mentioned in the Background.  However, it then 

uses the classifications in a unique, and powerful way. 

Now, once the component has been classified into a particular category, a 

recommended use for the component can be identified.  As an example, as shown in 

Figure 3D, the temperature range for a gas turbine engine operating in a particular 25 

aircraft use is plotted against the thrust for a particular aircraft.  So called “cold 

operator” engines might be assigned components which are further from 

specification whereas “hot operator” engines might receive components which are 

closer to specification. 

Figure 4 shows a system 102 for utilizing this method.  An aircraft 104 30 

communicates with its engines 106, and data is sent to a data acquisition unit 108, 

and to a communication system 110 which communicates in some manner 112 such 

as Wi-Fi, satellite, hardwire, or other communication systems to provide information 

to a maintenance operator 114, or to a ground system 116.  Once a particular aircraft 
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usage is known, the gas turbine engine component manufacturer can identify where 

the particular use is on a scale of challenging uses.   

Again, those component which are likely to be capable of handling more 

challenging uses are assigned the components which are closer to specification, while 

the less challenging applications might receive components which are fully 5 

acceptable, and within tolerance range, but perhaps further from specification.  

While three characteristics are illustrated in Figure 3C, it should be 

understood that the final classification into categories may occur through a 

combination of characteristics, or differing characteristics.  The final classification 

algorithms can be developed over time. 10 

In fact, in Figure 4, two aircraft 104A and 104B having engines 106A and 

106B, respectively, are illustrated.  Engine 104A operates in more challenging uses, 

and should use “hot operator” components, whereas engine 104B operates in a less 

challenging use, and can utilize “cold operator’ components.  As shown, “hot 

operator” component 120A are being shipped for use with aircraft 104A, while “cold 15 

operator” components 120B are being shipped for use with aircraft 104B.  Of course, 

the same method can be used on original equipment for the aircraft, should their 

eventual uses be known beforehand. 

Figure 5A shows an area of acceptance which might exist in the prior art.   

Figure 5B shows that with the disclosed method, the acceptance region can be 20 

greatly expanded as a tolerance range for a component that will necessarily be 

utilized on a less challenging application might be greater than for a component that 

might well be utilized on a very challenging application. 

Although an embodiment of this invention has been disclosed, a worker of 

ordinary skill in this art would recognize that certain modifications would come 25 

within the scope of this invention.  For that reason, the following claims should be 

studied to determine the true scope and content of this invention. 
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CLAIMS 

1. A method of determining a use for substantially the same gas turbine engine 

components and comprising the steps of: 

(a) receiving manufacturing information about a plurality of gas turbine 

engine components; 5 

(b) classifying each of the plurality of gas turbine engine components into 

at least two categories, with a first category being components closer to a 

specification than a second category; 

(c) recommending a suggested future use for the first category on aircraft 

that will operate in more challenging flight conditions and for the second category on 10 

aircraft that will operate in less challenging flight conditions.  

 

2. The method as set forth in claim 1, wherein the recommended future use 

includes a suggestion to utilize component of said first and second categories on 

particular type flights. 15 

 

3. The method as set forth in claim 2, wherein the particular type flights are on 

an engine having a particle thrust rating. 

 

4. The method as set forth in claim 3, wherein said thrust ratings of all said 20 

engines at sea level take-off are plus or minus 25%.   

 

5. The method as set forth in claim 2, wherein the particular type flights are for 

use on an aircraft flying routes having distinctly different ambient temperature. 

 25 

6. The method as set forth in claim 2, wherein said component includes an 

internal cooling cavity, and said classification is done, at least in part, based upon a 

shape of said internal cooling cavity. 

 

7. The method as set forth in claim 2, wherein said component has an outer 30 

coating, and said classification is done, at least in part, based upon on a thickness of 

said coating. 
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8. The method as set forth in claim 2, wherein said component has outer 

geometric features which are measured, and said classification is done, at least in 

part, based upon said outer geometric features. 

 

9. The method as set forth in claim 8, wherein said component includes a 5 

cooling cavity, and said classification is also done, at least in part, based upon a wall 

thickness from said internal cooling cavity to an outer wall. 

 

10. The method as set forth in claim 9, wherein said component has an outer 

coating, and said classification is also done, at least in part, on a thickness of said 10 

coating. 

 

11. The method as set forth in claim 8, wherein said component has an outer 

coating, and said classification is also done, at least in part, on a thickness of said 

coating. 15 

 

12. A system comprising: 

a ground-based system programmed to perform the following steps:  

(a) receiving manufacturing information about a plurality of gas 

turbine engine components; 20 

(b) classifying each of the plurality of gas turbine engine 

components into at least two categories, with a first category being 

components closer to specification than a second category; 

(c) recommending a suggested future use for the first category on 

aircraft that will operate in more challenging flight conditions and for the 25 

second category on aircraft that will operate in less challenging flight 

conditions.  

 

13. The system as set forth in claim 12, wherein the recommended future use 

includes a suggestion to utilize component of said first and second categories on 30 

particular type flights. 

 

14. The system as set forth in claim 13, wherein the particular type flights are on 

an engine having a particle thrust rating. 
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15. The method as set forth in claim 14, wherein said thrust ratings of all said 

engines at sea level take-off are plus or minus 25%.     

 

16. The system as set forth in claim 12, wherein the particular type flights are for 5 

use on an aircraft flying routes having distinctly different ambient temperature. 

 

17. The system as set forth in claim 12, wherein said component includes an 

internal cooling cavity, and said classification is done, at least in part, based upon a 

shape of said internal cooling cavity. 10 

 

18. The system as set forth in claim 12, wherein said component has an outer 

coating, and said classification is done, at least in part, based upon on a thickness of 

said coating. 

 15 

19. The system as set forth in claim 18, wherein said component has outer 

geometric features which are measured, and said classification is done, at least in 

part, based upon said outer geometric features. 

 

20. The system method as set forth in claim 19, wherein said component includes 20 

an internal cooling cavity, and said classification is also done, at least in part, based 

upon a shape of said internal cooling cavity. 

 

21. The system method as set forth in claim 18, wherein said component includes 

an internal cooling cavity, and said classification is also done, at least in part, based 25 

upon a shape of said internal cooling cavity. 

 

22. The system as set forth in claim 12, wherein said component has outer 

geometric features which are measured, and said classification is done, at least in 

part, based upon said outer geometric features. 30 

 

 

  


