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4- Computer Numerical Control
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i . uzzy inguistic
Detectlorl Occurrence Sew.e.rlty number variables
GudaOu N ¢tAv °Cbz S71€ ¥ o Ot
Almost certainty Failure is unlikely Not hazard ' Very Low (VL)
dwz Ay gi Mwa{ A gi %O o i
. . . 3,4
High chance ~  Relatively few failures Low hazard Low (L)
OAAau A jwéyv COE OAArn OAA= U
Moderate chance Occasimal failures Medium hazard Medium (M)
gi Ayw ¢ v A E dwxoO- Léw
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Fig. 6. Fuzzy FMEA model
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4\ Rule Editor: FMEA — O X

File Edit View Options

1. If (Severity is AN) and (Occurrence is AN) and (Detection is AN) then (FRPN is N) (1) A
|2. If (Severity is AN) and (Occurrence is AN) and (Detection is L) then (FRPN is N) (1)

13. If (Severity is AN) and (Occurrence is AN) and (Detection is M) then (FRPN is VL) (1)
|4. If (Severity is AN) and (Occurrence is AN) and (Detection is H) then (FRPN is L) (1)

5. If (Severity is AN) and (Occurrence is AN) and (Detection is VH) then (FRPN is L) (1)
16. If (Severity is L) and (Occurrence is AN) and (Detection is AN) then (FRPN is VL) (1)
|7.If (Severity is L) and (Occurrence is AN) and (Detection is L) then (FRPNis L) (1)

18. If (Severity is L) and (Occurrence is AN) and (Detection is M) then (FRPNis L) (1)

|9. If (Severity is L) and (Occurrence is AN) and (Detection is H) then (FRPN is HL) (1)
|10. If (Severity is L) and (Occurrence is AN) and (Detection is VH) then (FRPN is LM) (1)
{11. If (Severity is M) and (Occurrence is AN) and (Detection is AN) then (FRPN is VL) (1)
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Table 2- Rule base developed for relating S, O &D to FRPN using expert elicitation
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S=SeverityO=0Occurrence, D=NO detection, FRPN=Fuzzy risk priority number

Almost nonel, Low:2, Medium3, High:4, Very high:5
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Fig. 10.Prioritization plot of CNC lathe machine components using conventional FMEA method
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Fig. 11.Comparison plot of different types defuzzification methods
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Table 3- Different blends of membership function for S, O and D parameters and FRPN output values
Severity  Occurrence Detection ~ FRPN Number of cluster

18

16

Number of cluster

Trimf Trimf Trimf Trimf 18
Gbellmf Trimf Trimf Trimf 28
Trimf Gbellmf Trimf Trimf 24
Trimf Trimf Gbellmf Trimf 29
Trimf Trimf Trimf Gbellmf 18
Gaussmf Trimf Trimf Trimf 28
Trimf Gaussmf Trimf Trimf 25
Trimf Trimf Gaussmf Trimf 27
Trimf Trimf Trimf Gaussmf 18
Gaussmf Gausmf Gaussmf Gaussmf 30
Gbellmf Gbellmf Gbellmf Gbellmf 26
Gauss2mf Gauss2mf Gauss2mf Gauss2mf 28

Pimf Pimf Pimf Pimf 16
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Table 4- Fuzzy FMEA of theCNC lathe machine
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Fig. 12. Prioritization plot of CNC lathe machine components using RPN and FRPN
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Introduction

In recent years, with development of industrial products with complex and precise systems, the demand for
CNC machines dsbeenincreaing, and as its technology hagsenprogressed, more failure modes have been
developed with complex and mufiurpose structure§h e necessity of CNC machinesé
evident than ever due to its impact on production gidriplementation costs. Aiming at reducing the risks and
managing the performance of the CNC machine parts in order to increase the reliability and reduce the stop time,
it is important to identify all of the failure modes and prioritize them to deterth@eritical modes and take the
proper cautionary maintenance actions approach
Materials and Methods

In this study, conventional and fuzzy FMEA, which is a method in the field of reliability applications, was

used to determine the risks in mechahiwomponents of CNC lathe machine and all its potential failure modes.
The extracted information was mainly obtained by asking from CNC machine experts and analysts, who
provided detailed information about the CNC machining process. These experts gsestidinterms to
prioritize the S, Oand D parameters. In the conventional method, the RPN numbers were calculated and
prioritized for different subsystems. Then in the fuzzy method, first the working process of the CNC machine
and the mechanism of its cponents were studied. Also, in this step, all failure modes of mechanical
components of the CNC and their effects were determined. Subsequently, each of the three parameters S, O, and
D were evaluated for each of the failure modes and their rankingsamidng using the crisp data, usually, the
numbers in 110 scale are used, then using linguistic variables, the crisp values are converted into fuzzy values
(fuzzification). 125 rules were used to control the output values for corrghgnigput parametsr(Inference).
For converting input parameters to fuzzy values and transferring qualitative rules into quantitative results, Fuzzy
Mamdani Inference Algorithm was used (Inference). In the following, the inference output values are converted
into nonfuzzy values (defuzzification). In the end, the fuzzy RPNs calculated by the fuzzy algorithm and
defuzzified are ranked
Results and Discussion

In conventional FMEA method, after calculating the RPNs and prioritizing them, the results showed that this
method gouped 30 subsystems into 30 risk groups due to the RPN equalization of some subsystems, while it is
evident that by changing the subsystem, the nature of its failure and its severity would vary. Therefore, this result
is not consistent with reality. Acading to the weaknesses of this method, fuzzy logic was used for better
prioritization. In the fuzzy method, the results showed that, in {peiri scale, with the Gaussian membership
function and the Centroid defuzzification method, it was able to prerdubsystems in 30 risk groups. In this
method, gearboxesinear guideway, and fittings had the highest priority in terms of the criticality of failure,
respectively
Conclusions

The results of the fuzzy FMEA method showed that, among the mechaniemhsysf CNC lathe machine,
the axes components and the lubrication system have the highest FRPNs and degree of criticality, respectively.
Using the fuzzy FMEA method, the experts' problems in prioritizing critical modes were solved. In fact, using
the linguistic variables enabled experts to have a more realistic judgment of CNC machine components, and
thus, compared to the conventional method, the results of the prioritization of failure modes are more accurate,
realistic and sensible. Also, using this n@eththe limitations of the conventional method were reduced, and
failure modes were prioritized more effectively and efficiently. Fuzzy FMEA is found to be an effective tool for
prioritizing critical failure modes of mechanical components in CNC lathe imegfThe results can also be

used in arranging maintenance schedule to take corrective measures, and thereby, it can increase the reliability of
the machining process
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