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CLAIMS

WHAT IS CLAIMED IS:

1. A computer-implemented method for performing condition based maintenance of an

operating tool, the method comprising:

determining a plurality of model parameters corresponding to stress variables associated

with the tool;

determining, for each step in a series of steps of an operational run of the tool and for each

of the stress variables, a proportion of life of the tool used during that step due to that

stress variable based on a measured value of that stress variable during that step, one of

the model parameters corresponding to that stress variable and a lifetime of the tool when

all the stress variables are at reference levels;

computing a proportion of life of the tool used during the operational run with the stress

variables based on a time duration of each step in the series of steps, and the proportion of

life of the tool determined for each step and for each of the stress variables;

calculating one or more failure parameters related to operation of the tool during the

operational run based on the lifetime of the tool and the computed proportion of life of the

tool used during the operational run; and

performing maintenance of the tool based on the one or more failure parameters.

2. The method of claim 1, wherein determining the plurality of model parameters comprises:

determining the plurality of model parameters based on data associated with failure times of

the tool, suspension times of the tool, and levels of the stress variables throughout an

operational life of the tool.

3. The method of claim 1, wherein determining the plurality of model parameters comprises:

determining values that maximize a log likelihood function of a probability density function

(PDF) of a failure distribution, and wherein the failure distribution is modeled in accordance

with the combined Weibull-cumulative damage model based on levels of the stress variables

within each step in the series of steps.

4. The method of claim 3, wherein the combined Weibull-cumulative damage model

comprises one or more interaction variables modeling interaction between two or more of

the stress variables.

5. The method of claim 1, wherein determining the plurality of model parameters comprises:

estimating the plurality of model parameters based on at least one of domain knowledge of

the tool, comparison with one or more other tools, or manufacturer's data associated with

the tool.

6. The method of claim 1, further comprising:

adjusting the plurality of model parameters based on the one or more failure parameters,

and failure rates of the tool.
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7. The method of claim 1, wherein the proportion of life of the tool used during that step

due to that stress variable is computed in accordance with a life stress acceleration model

comprising the measured value of that stress variable during that step, one of the model

parameters corresponding to that stress variable, and the lifetime of the tool when all the

stress variables are at the reference levels.

8. The method of claim 1, wherein:

the one or more failure parameters comprise a remaining useful life (RUL) parameter

associated with the tool; and

the RUL parameter is calculated based on the lifetime of the tool when all the stress

variables are at reference levels and the proportion of life of the tool used during the

operational run.

9. The method of claim 1, wherein the proportion of life of the tool used during the

operational run is computed by summing each proportion of life of the tool used during each

step in the series of steps due to each stress variable.

10. The method of claim 1, wherein the plurality of stress variables comprise one or more

interaction variables modeling interaction between two or more individual stress variables of

the stress variables.

11. A system for performing condition based maintenance of an operating tool, the system

comprising:

at least one processor; and

a memory coupled to the processor having instructions stored therein, which when executed

by the processor, cause the processor to perform functions, including functions to: obtain,

from the memory, a plurality of model parameters corresponding to stress variables

associated with the tool;

determine, for each step in a series of steps of an operational run of the tool and for each of

the stress variables, a proportion of life of the tool used during that step due to that stress

variable based on a measured value of that stress variable during that step, one of the

model parameters corresponding to that stress variable and a lifetime of the tool when all

the stress variables are at reference levels;

compute a proportion of life of the tool used during the operational run with the stress

variables based on a time duration of each step in the series of steps, and the proportion of

life of the tool determined for each step and for each of the stress variables;

calculate one or more failure parameters related to operation of the tool during the

operational run based on the lifetime of the tool and the computed proportion of life of the

tool used during the operational run; and

generate a maintenance order for performing maintenance of the tool based on the one or

more failure parameters.

12. The system of claim 11, wherein the functions performed by the processor include

functions to:
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obtain, from the memory, the plurality of model parameters determined based on data

associated with failure times of the tool, suspension times of the tool, and levels of the

stress variables throughout an operational life of the tool.

13. The system of claim 11, wherein the functions performed by the processor include

functions to:

obtain, from the memory, the plurality of model parameters determined as values that

maximize a log likelihood function of a probability density function (PDF) of a failure

distribution, and wherein the failure distribution is modeled in accordance with the combined

Weibull-cumulative damage model based on levels of the stress variables within each step in

the series of steps.

14. The system of claim 13, wherein the combined Weibull-cumulative damage model

comprises one or more interaction variables modeling interaction between two or more of

the stress variables.

15. The system of claim 11, wherein the functions performed by the processor include

functions to:

adjust the plurality of model parameters based on the one or more failure parameters, and

failure rates of the tool.

16. The system of claim 11, wherein the proportion of life of the tool used during that step

due to that stress variable is computed in accordance with a life stress acceleration model

comprising the measured value of that stress variable during that step, one of the model

parameters corresponding to that stress variable, and the lifetime of the tool when all the

stress variables are at the reference levels.

17. The system of claim 11, wherein:

the one or more failure parameters comprise a remaining useful life (RUL) parameter

associated with the tool; and

the RUL parameter is calculated based on the lifetime of the tool when all the stress

variables are at reference levels and the proportion of life of the tool used during the

operational run.

18. The system of claim 11, wherein the proportion of life of the tool used during the

operational run is computed by summing each proportion of life of the tool used during each

step in the series of steps due to each stress variable.

19. The system of claim 11, wherein the plurality of stress variables comprise one or more

interaction variables modeling interaction between two or more individual stress variables of

the stress variables.

20. A computer-readable storage medium having instructions stored therein, which when

executed by a computer cause the computer to perform a plurality of functions, including

functions to:

determine a plurality of model parameters corresponding to stress variables associated with

the tool;
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determine, for each step in a series of steps of an operational run of the tool and for each of

the stress variables, a proportion of life of the tool used during that step due to that stress

variable based on a measured value of that stress variable during that step, one of the

model parameters corresponding to that stress variable and a lifetime of the tool when all

the stress variables are at reference levels;

compute a proportion of life of the tool used during the operational run with the stress

variables based on a time duration of each step in the series of steps, and the proportion of

life of the tool determined for each step and for each of the stress variables;

calculate one or more failure parameters related to operation of the tool during the

operational run based on the lifetime of the tool and the computed proportion of life of the

tool used during the operational run; and

generate a maintenance order for performing maintenance of the tool based on the one or

more failure parameters.

21. The computer-readable storage medium of claim 20, wherein the instructions further

perform functions to:

determine values that maximize a log likelihood function of a probability density function

(PDF) of a failure distribution, and wherein the failure distribution is modeled in accordance

with the combined Weibull-cumulative damage model based on levels of the stress variables

varying for each step in the series of steps.


