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Abstract:

Failure mode, effects and criticality analysis (FMECA) is an extension of failure mode
and effects analysis (FMEA). FMEA is a bottom-up, inductive analytical method which
may be performed at either the functional or piece-part level. FMECA extends FMEA by
including a criticality analysis, which is used to chart the probability of failure modes
against the severity of their consequences. The result highlights failure modes with
relatively high probability and severity of consequences, allowing remedial effort to be
directed where it will proditce the greatest value.

The objective of FMECA is to identify all failure modes in a system design. Its purpose is

to find all critical and catastrophic failures that can be minimised at the earliest.
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o
Introduction

Every machinery, equipment, buildings undergo deterioration due to their use and
exposure to environmental conditions. This deterioration must be detected well in
advance so as to forestall loss and damage. Industries, therefore, address such issues time
to time through repairs, renovations, rejuvenations, reconditioning, etc., so as to enlarge
their useful life to a maximum possible extent. In this context, the maintenance assumes
importance as an engineering function and is made responsible for provision of the
condition of these machines, equipments, buildings and services that will permit
uninterrupted implementation of plans requiring their use. This means that estimation of
the faillure mode, failure effect, and the failure criticality to maintain the machine in good
condition is necessary.

The objective of FMECA is to identify all failure modes in a system design. Its purpose
is to find all eritical and catastrophic failures that can be minimised at the earliest. Hence,
FMECA must be started as soon as the preliminary information is available and
investigation is extended as more information is available in suspected problem areas.

In this paper the results of FMECA analysis is published for 85 Ton dumpers working at
Open Cast Mines — ITI, SCCL, Ramagundam.

Procedure

Failure Mode, Effects and Criticality Analysis (FMECA) is an analysis technique which
facilitates the identification of potential problems i the design or process by examining
the effects of lower level failures. Recommended actions or compensating provisions are

made to reduce the likelihood of the problem occurring, and mitigate the risk.

MIL-STD-1629A

This standard establishes requirements and procedures for performing a failure mode,
effects, and ecriticality analysis (FMECA) tosystematically evaluate and document, by
item failure mode analysis, the potential impact of each functional or hardware failure on
mission success, personnel and system safety, system performance, maintainability, and
maintenance requirements. Each potential failure is ranked by the severity of itseffect in
order that appropriate corrective actions may be taken to eliminate orcontrol the high risk

items
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Criticality Analysis

To perform criticality analysis of the failures identified Risk Priority Number (RPN) for
each failure must be calculated. To calculate the RPN the failures are listed along with
the failure times and their severity and occurrence are calculated.

The key inputs used in failure modeling using FMECA are as follows:

Severity (5)

Severity (S) is a numerical measure of how serious is the effect of the failure to the
customer. It is to assess the failure result on an assumed scale with questioning, if the
component or system failure results in a mere nuisance or can it result in serious injury.
The degree of severity is generally measured on a scale of 1 to 10 where 10 is the most

SCVErIC.

Occurrence (O)
Occurrence (O) is a measure of probability that a particular mode will actually happen.
The degree of occurrence is measured on a scale of 1 to 10, where 10 signify the highest

probability of occurrence.

Detection (D)
Detection (D) is a measure of probability that a particular mode would be detected in the
manuflacturer’'s own operation before reaching the customer. The level of delection 1s

measured on a scale of 0.1 to 1, where 0.1 signifies virtually no ability to detect the fault.

Risk Priority Number (RPN)

Provides an alternate evaluation approach to Criticality Analysis. The risk priority
number provides a qualitative numerical estimate of design risk. RPN is defined as the
product of three independently assessed factors: Severity(S), Occurrence (0) and
Detection (D).

RPN = (5) * (0) * (D)

Criticality Ranking According To RPN
Criticalities of the failures are given ranking according to the RPN they are given
according to the following table (Table 1).
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Failure Number | Failure Classification | Maintenance Policy
1 Catastrophic Replace the equipment
2,3&4 Critical Failure Complete overhaul
5,6 &7 Marginal Repair the component
8,9 & 10 Minor Inspect daily

Table 1: Classification of failures according to failure number.

Conclusion

The analysis of each dumper has given the most critical failure that is causing major

production losses. The each failure that is classified as catastrophic, critical, marginal

and minor are prioritised and analysed. Thus, each catastrophic faillure must be

considered first in maintenance of each dumper as discussed. It is suggested that every

failure that is classified as catastrophic, the component must be replaced and new

component must be placed as risk of the failure is more important.

From the analysis done by risk priority number it can be concluded that

0

For 85 T dumpers as a group, Radiator leaks and Engine failures are frequent failures
that are hampering the production, based on the catastrophic nature of the failure and
risky nature of failure, the radiator and engine must be replaced whenever the next
failure occurs.

For 85 T dumpers as a group, operator seat failures and brake failures are critical
failures that are the other obstacles, for such failures they must be checked for every
trip so that any inconvenience can be avoided.

For dumper C-354, Engine must be replaced.

For dumper C-357, Engine must be replaced.

For dumper C-362, Brakes must be replaced.

For dumper C-364, Steering box must be replaced.

For dumper C-366, Engine and crank must be replaced.

For dumper C-367, Brakes must be replaced.

For dumper C-368, Engine must be replaced.

For dumper C-369, Operator seat must be replaced.

For dumper C-373, Cylinder must be replaced.

For dumper C-374, Engine must be replaced.

For dumper C-376, Radiator must be replaced.
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0 For dumper C-377, Radiator must be replaced.
0 For dumper C-379, Radiator must be replaced.
0 For dumper C-380, Radiator must be replaced.
0 For dumper C-381, Radiator must be replaced.
0 For dumper C-382, Engine must be replaced.
0 For dumper C-383, Engine must be replaced.
0 For dumper C-384, Brakes must be replaced.

Appendix
FMECA of Dumper — C 353
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Figure 1: Failure number Vs RPN of CD 353 Dumper

Form the table 2 and figure 1 it can be concluded that failure 1 i.e. Radiator leaks is of
high risk, is catastrophic failure. The failures (2 3 and 4) of engine, brake, operator seat
damage are critical. not taking load, steering failures, gear and clutch are categorised as
marginal failures and the other failures are minor failures. According to Table 1 the
radiator must be replaced when the failure occurs again and again. Similarly the critical
failures can be avoided by complete overhaul of the dumper. Marginal failures can be
avoided by repairing of not steering failures, gear and clutch. To avoid minor failures
daily preliminary inspection of the whole dumper must be done before moving into the

coal mine.
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FMECA of Dumper C 354
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Figure 2: Failure number Vs RPN of CD — 354 Dumper

Form the table 3 and figure 2 it can be concluded that failure 1 i.e. engine failures i1s of
high risk, is catastrophic failure. The failures (2 3 and 4) of not taking load, clutch, air
compression failure are critical. Gears, uj cross failure and radiators leaks are categorised
as marginal failures and the other failures are minor failures. According to Table 1 the
engine and radiator must be replaced when the failure occurs again and again. Similarly
the critical failures can be avoided by complete overhaul of the dumper. Marginal
failures can be avoided by repairing of Gears, uj cross failure and radiators leaks. To
avoid minor failures daily preliminary inspection of the whole dumper must be done

before moving into the coal mine.
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FMECA of Dumper C 357
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Tate 4: Calculation of Risk Prienty Number ofCD - 337 Dumper

Figure 3: Failure number Vs RPN of CD 357 Dumper

Failure number Form the table 4 and figure 3 it can be concluded that failure 1 i.e. not
taking load is of high risk, is catastrophic failure. The failures (2 3 and 4) of radiators
leaks, hose steering box failures are critical. Steering box, clutch and brake failure are
categorised as marginal failures and the other failures are minor failures. According to
Table 1 the radiator must be replaced when the failure occurs again and again. Similarly
the critical failures can be avoided by complete overhaul of the dumper. Marginal
failures can be avoided by repairing of Steering box, clutch and brake. To avoid minor
failures daily preliminary inspection of the whole dumper must be done before moving

into the coal mine.
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FMECA of Dumper C 362

% Faihre Name Frequency | tme | oceumence | severty | dertion| RPN

! brake friurss Doo(dd) I (0271 07 [O028
Engme and rank fibwes | 1 | 631 038R | 03807 09 | 0002
] Tudiatorleaks §ooO[LRE) 02040 (00B1F 0§ (041
i nittdmgliad o[ Dnssg (01%0) 1 (000
j wsperion e o) I | 00m3| 06 | Cook
§ (s falhe ! 15 | 0B3E0 | 00000 08 (00004
1| steenmg bos fulime 1|3 0SSR (0m38| 04 (00003
i 1 cross e 1| 4| DUSR | 00288 02 00008
§ | mockejecton damaged oo QU6 | 0T 01 | 00008

] valya falumes 1| 0| DRSE | O00éd| 03 (0400
Teble : Celntation of Rsk Prioery Number of CD- 362 Dupper

Q15
01
05 :
78 8910
N 4
] 110 15

Figure 4: Failure number Vs RPN of CD — 362 Dumper

Form the table 5 and figure 4 it can be concluded that failure 1 i.e. Brakes failure is of
high risk, 1s catastrophic failure. The failures (2 3 and 4) of engine, crank and radiators
leaks are critical. Suspension, gears and steering box are categorised as marginal failures
and the other failures are minor failures. According to Table 1 the brakes must be
replaced when the failure occurs again and again. Similarly the critical failures can be
avoided by complete overhaul of the dumper. Marginal failures can be avoided by
repairing of Suspension, gears and steering box. To avoid minor failures daily
preliminary inspection of the whole dumper must be done before moving into the coal

mine.
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FMECA of Dumper C 364
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Figure 5: Failure number Vs RPN of CD 364 Dumper

Form the table 6 and figure 5 it can be concluded that failure 1 i.e. steering box is of high
risk, 1s catastrophic failure. The failures (2 3 and 4) of clutch radiators and steering
problems are critical. Suspension, brakes and steering box are categorised as marginal
failures and the other failures are minor failures. According to Table 1 the steering box
must be replaced when the failure occurs again and again. Similarly the critical failures
can be avoided by complete overhaul of the dumper. Marginal failures can be avoided by
repairing of Suspension, brakes and steering box. To avoid minor failures daily
preliminary inspection of the whole dumper must be done before moving into the coal

mine.
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MECA of Dumper C 366
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Table T: Calculation of Risk Priority Number of CD - 366 Dumper
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Figure 6: Failure number Vs RPN of CD 366 Dumper

Form the table 7 and figure 6 it can be concluded that failure 1 i.e. engine and crank
failure is of high risk, is catastrophic failure. The failures (2 3 and 4) of radiators leaks,
pivots, bolts and studs are critical. Clutch, pump and steering box failure are categorised
as marginal failures and the other failures are minor failures. According to Table 1 the
engine and crank must be replaced when the failure occurs again and again. Similarly the
critical failures can be avoided by complete overhaul of the dumper. Marginal failures
can be avoided by repairing of Clutch, pump and steering box. To avoid minor failures
daily preliminary inspection of the whole dumper must be done before moving into the

coal mine.
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