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INTRODUCTION ORpEG
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INTRODUCTION

who we are?

ECCis an Engineering

Consultant company

which provide Reliability, Maintenance and Safety engineering consultant service as well as Asset
management solution for Qil and Gas, Railway, Military, Aerospace and Defense industries around the

globe based on following programs:

Asset Integrity
Reliability & Maintenance
Integrated Logistic Support

what we do?

Asset Management
performance optimization
based on:

LDA (Lifetime Data Analysis);
RAM (Reliability, Availability
and Maintainability Analysis);
FRACAS (Failure Report and
Correction Action System);
WA (Warranty Analysis);
FMEA (Failure Mode and
Effect Analysis);

RCM (Reliability Centred
Maintenance);

RBI (Risk Based Inspection);
APO (Asset Performance
Optimization);

ORT (Optimum Replace
Time);

= Asset management based on

Saas solution (Integrity PRO).

www.eduardocalixto.com

Asset Integrity
Management based on:
Risk Management;

Risk analysis (HAZOF, PHA,
HAZID, SIL, LOPA, FTA, ETA,
BOWTIE, Consequence and
Effect Analysis);

Human Reliability analysis
(THERP, OAT, HEART,
SHERPA, STAH-R, SPAR-H,
Slim-Maud, BBIN);

Reliability engineering (FMEA,
RBI, RAM);

Asset Integrity management
based on Saas solution
(Integrity PRO).

Integrated Logistic Support
based on:

Spare optimization based on
modelling;

Inspection and preventive
maintenance optimization
based on modeling;

Life Cycle cost optimization;
Asse performance
optimization.

Safety Engineering
based on:

Functional Safety Analysis;
Hazard Log Analysis;

SIL analysis (assignment,
wverification and validation);

Occupational risk assessment;

Risk Management (hazard
identification, risk analysis,
risk evaluation, risk
mitigation, risk
communication, risk
monitoring);

Safety and Occupational
Health Management;

Safety System Audit based on
ISO 18001 standard series;
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ECC

EDUARDO CALIXTO

Asset Management and RAMS Performance Optimization

What We Do:

We support and teach our client to achieve
and maintain their physical assets high
performance based on effective Reliability,
maintenance or Safety programs and A.l
Technology implementation.

The implementation steps are the
following:

Part 1 - Opportunities and Problems
identification:
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Introduction. FMEA Methodology.

RAM Analysis Methodology. FMEA Case Study

RAM Analysis Study Case. FMEA applied for RAM qualitative
requirement specification.

RAM Analysis applied for RAM quantitative Conclusion.
Requirement specification.



Glossary Ow

* Operational Availability: Uptime/total time.

+** Reliability: The chance of equipment to operate under defined operation condition until an specific period of time.
» B%: percentage of total number of equipment that will fail untin a specific period of time.
% MTTF: Mean time To failure.

s MTTR: Mean Time to Repair/Replace.

% MTBF: Mena time Between Failure (MTBF=MTTF+MTTR)

» MTBCF: Mean Time Between Critical Failure.

** MTBD: Mean Time Between Distance.

** RI: Percentage of subsystem or equipment reliability impact impact on system reliability
» FCl: Percentage of equipment or component of system total number failure .

s DECI: Percentage of equipment or component number of system shutdowns.

» DTCI: Percentage of equipment or component number of system downtime
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Reliability Concept Owg

= Reliability is the probability that a system operates
during a specific period of time under specific
environmental conditions without failure.

Rellabilty

"= Robustness is the ability of a system to withstand
to environment overstress condition without
degrade the reliability in short period of time.

= Durability is the ability of a system to withstand
to environment overstress conditions without
degrade the reliability.




RAM analysis Methodology

1- Scope Definition

L){ 2 - Lifetime Data analysis

L> 3- Modeing

Lﬁ 4 - Simulation

FIGURE 4.1

5 - Critical Analysis

RAM analysis methodology steps.
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RBD Modeling Oggggg

(A)

(B)

FIGURE 4.3

System block diagram (different equipment).
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Case Study — Brake System Owg
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Reliability and Maintainability input Data

OMANTEC

Failure (Year) Repair (Hour) PM 1 Interval (years) PM2 Interval (years)
Equipment Duration | Schedule Time Duration
PDF Parameter PDF Parameter PDF Task PDF Task
(Hour) (Years) (Hour)
Air Compressor Gumbel
Shat Gumbel L ¢ Normal I | constant Description| Time Schedule Time Constant Description|  Time
) 2 0.5 0.1 Overhaul 1 4 Insp NDT 1
- - - : Schedule T e :
BEalie Normal L c Normal It 9 Constant Description| Time chedule Tine Constant Description|  Time
3 1 0.5 0.1 Overhaul 1 2 Insp NDT 1
el Normal L %, Normal I ¢ R Description| Time Schedule Time — Description|  Time
3 0.5 0.5 0.1 Overhaul 1 2 Insp NDT 1
Tl Normal L ¢ Normal I | constant Description| Time Schedule Time Constant Description|  Time
5 1 0.5 0.1 Overhaul 1 4 Insp/ Test 1
MTTF L 0 Descripti Ti Schedule Time Descripti Ti
Control Exp Normal l 2 Constant b1 me Constant|—— PO me
10 2 0.5 0.1 N/A Test 1
PipEs Gumbel L c Normal L d Constant Description| Time Schedule Time Constant Description|  Time
10 2 0.5 0.1 Overhaul 1 9 Insp NDT 1




Reliability and Maintainability input Data Owg

Failure (Year) Repair (Hour) PM 1Interval (years) PM2 Interval (years)
Equipment Duration | Schedule Time Duration
PDF Parameter PDF Parameter PDF Task PDF Task
(Hour) (Years) (Hour)
Break System
Reservoirvessel | Gumbel 1L ) Normal 1L O | constant Description| Time Schedule Time — Description|  Time
10 2 2 0.1 Overhaul 1 9 Insp NDT 1
— - - — , Schedule Ti — ;
Equa||2|r.1g Gumbel LL c Normal 1L c Constant Description| Time chedule Time Constant Description Time
Reservoir vessel 10 2 2 0.1 Overhaul 1 9 Insp NDT 1
Aumhar\,.r Gumbel il 0 Normal u O | constant Description| Time Schedule Time — Description|  Time
Reservoir vessel 10 2 2 0.1 Overhaul 1 9 Insp NDT 1
: 0 iption| T Schedule Ti ipti -
Driver brake Valve| Normal K < Normal = < Constant DEsaiption a=line chedile Jme Constant Description =Time
5 0.5 1 0.1 Overhaul 1 4 Insp NDT 1
8rake control T MTTF Normal 1} % Constant Description| Time Schedule Time Constant Description| Time
10 1 0.1 N/A N/A
Pressure Governorl s MTTF Normal 1} c Constant Description| Time Schedule Time Constant Description Time
10 1 0.1 N/A N/A
- - e : Schedule Ti e ;
Triple Valve Normal = < Normal = < Constant SEGIPON| BRI chedte e Constant SESGBUoN e
5 0.5 1 0.1 Overhaul 2 4 Insp NDT 1
Check Valve Normal L %) Normal 1 %) Constant Description| Time Schedule Time Constant Description|  Time
5 0.5 1 0.1 Overhaul 1 4 Insp NDT 1
0 0 ipti i Schedhle Ti it i
Safety Valve Normal K < Normal H < Constant SB O Tiine e Constant Description Mt
5 0.5 1 0.1 Overhaul 1 4 Insp NDT 1
pipes Gumbel L ¢ Normal u 0 Constait Description| Time Schedule Time Constant Description|  Time
10 2 0.5 0.1 Overhaul 1 9 Insp NDT 1




ECC Reliability and Maintainability Database
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EDUARDO CALIXTO

“Reliability and Maintainability Database for Railway Industry”

(Rail Infrastructure, Electric Power Supply, Signalling and Rolling Stock)
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Preventive Maintenance effect on Reliability

1-F(t)

Reliability, R(t)
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Figure 7-20 Preventive maintenance interval effect on reliability
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Brake RBD (Reliability Block Diagram) ORpEG
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Figure 7-32 Brake RBD (Top Down configuration)



RBD Brake System Simulation Result ORpEG

System Overview

General

Mean Availability (All Events):| 0.999689
Std Deviation (Mean Availability):| 0.000032
Mean Availability (w/o PM, OC & Inspection):] 0.999958
Point Availability (All Events) at 20: 1
Reliability(20): 0
Expected Number of Failures: 8.928

Std Deviation (Number of Failures):| 2.981897
MTTFF (Yr):] 2.074811

MTBF (Total Time) (Yr):| 2.240143

MTBF (Uptime) (Yr):| 2.230447

MTBE (Total Time) (Yr):| 0.523005

MTBE (Uptime) (Yr):| 0.522932

System Uptime/Downtime

Uptime (Yr):

):] 19.993783
CM Downtime (¥r):

(vn)
(Yr):] 0.000843
Inspection Downfime (Yr):| 0.004556
PM Downtime (¥r):| 0.000818
(r)
(¥r)
(¥r)

OC Downtime (¥Yr): 0
Waiting Downtime (Yr): 0
Total Downtime (Yr):| 0.006217

System Downing Events

Number of Failures: 8.928
Number of CMs: 8.028
Number of Inspections: 24.26
Number of PMs: 5.046
Number of OCs: 0
Number of OFF Events by Trigger: 0
Total Events:] 38.234

Costs

Total Costs:| £17,697.60




PM and Insp impact on downtime owg

Block Up/Down

L.1 - Shaft | 1 I I 1 ] 1 1 1 1
1.2 - Bearing l 1 1 1 1 1 1 1 1 1 1 1 1 T i (R | 1 1 1
1.3 - Seal ! 1 | 1 1 I I 1 I 1 1 I 1 1 1 I 1 I | |
1.4 - Coupling 1 1 1 1 1 I 1 1 1 1 | 1 1 1 I 1 ! ! 1
1.5 - Contral |
1.6 - Pipe } R e T e
2.1 - Reservoir vessel : I 1] 1 1 1 ] 1 1 ] 1
2.7 - Triple Vake l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1
2.2 - BEquakzirg Reservair vessel ! 1 1 I 1 1 ] 1 1 ] I
2.3 - Ailary Reservair vessel 1 1 1 1 1 1 1 1 1 1
2.4 - Driver brake vake | T 1 1 I 1 1 1 I I i I I 1 I I 1 I | 1
2.5 - Brake contral I 1 1
2.11 - Angle cock i T 1 ] I I 0 1 I I [ I | 1 I I 1 I 1 I
2,6 - Pressure Governor I
2.8 - Chick Vahe 1 1 1 1 1 I 1 1 I 1 I 1 1 1 I I I 1 I
2.9 - Salety Vake I 1 1 I 1 1 1 1 1 1 ] 1 1 1 I 1 I 1 1
3.1 - Brake cylinder | 1 e | I I R 1 i i ] i l i i U B | [ [ 1
3.2 - Brake Caliper l 1 e mrr 1 1 1 ] 1 1 1 1 R | 1 1 1
3.3 - Brake coupiing t 1 o LI I B | 1 1 1 n 1 1 1 1 [ | 1 [ 1
3.4 - Hose 1 o T 1 U 1 " U 1 U I (R | U 1 i
35 - Fipe 1 1 S S — Y ———— o S S — 1
3.6 - Pipe 2 1 | 1 I I I 1 1 1 1 I 1 1 1 ' I I 1 1
2.10.3 - Aipe | I I I I I i 1 I I I I I 1 1 I 1 I 1 1
2.10.4 - Pipe : 1 1 1 1 1 1 1 1 1 1 T 1 1 1 1 1 1 1 1
2.10.1 - Fipe ———————T—T—T——T— — T — T
£.10.2 - Pipe 1 1 1 1 i 1 ] ] 1 ] I I ] 1 ) ] I 1 1
System 1 LI S £ B B S B R SR S U R B A S 1
0 4.000 §.000 12.000 L6000 20,0l



Criticality Analysis: Failure critical index OMAINTEC,

RS FCI
22,614 - Availabiry
1 - 100%
1.5 - Control .
Availability = 1.000
RSF(I= 22614 -
18.091 I
S
7€ Mot

13.569 ||

9.046 ||

4.523
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Criticality Analysis: Failure number of downtimes index OMAINTEC,

RS DECI
10.679 | Avallabiky
.1-1.
5ir
s5| | 3.2 - Brake Caliper
| Availability = 1.000
| RSDECI=10.679 L
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v |1
213 7]
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ST
Criticality Analysis: Failure Downtime index OMAINTEC,

RS DTCI
15.366 T Availabiky
.1 L
| 3.2 - Brake Caliper
" Availability = 1.000 _
RS DTa = 153“ S
12293 t I I
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9219 |}
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Criticality Analysis Summary ow&

Mean

Mean Av. (w/o BExpected Syst(?m Bloc!( Blo_ck Number CM_
Block Name RSFI | RSDEQ | RS DT | Av. (Al #of | Downing |Downtime| Uptime Downtime
Events) PM, OC & Failures | Events (Yr) (Yr) of CMs (Yr)
Insp.)
1.1 - Shaft 9.17% 3.27% 1.57% ] 0.999946 | 0.999998 0.842 1.252 0.001075 | 19.99893 0.842 0.000048
1.2 - Bearing 5.34% 4.10% 2.44% 0.99989 | 0.999999 0.478 1.569 0.002196 | 19.9978 0.478 0.000027
1.3 - Seal 0.00% 2.87% 2.01% | 0.999892 1 0 1.097 0.002169 | 19.99783 0 0
1.4 - Coupling 0.01% 2.83% 1.98% | 0.999892 1 0.001 1.081 0.002169 | 19.99783 0.001 0
1.5 - Control 22.61% 5.28% 1.85% ] 0.99999410.999994 )| 2.019 2.019 0.000115 | 19.99989 2.019 0.000115
1.6 - Pipe 2.37% 3.55% 2.30% | 0.999891 | 0.999999 0.213 1.357 0.002181 | 19.99782 0.213 0.000012
2.1 - Reservoir vessel 2.45% 4.14% 7.12% | 0.999883 | 0.999997 0.227 1.581 0.002335 | 19.99767 0.227 0.000052
2.7 - Triple Valve 0.01% 3.89% 3.74% | 0.999869 1 0.001 1.486 0.002626 | 19.99737 0.001 0

2.2 - Equalizing Reservoir vessel | 2.06% 4.06% 6.78% |[0.999884] 0.999998] 0.188 1.551 | 0.002326 | 19.99767| 0.188 0.000043
2.3 - Auxiliary Reservoir vessel | 1.97% 4.14% 6.98% [ 0.999884] 0.999998] 0.184 1.584 | 0.002325 | 19.99768| 0.184 | 0.000042

2.4 - Driver brake valve 0.00% 2.83% 1.99% | 0.999892 1 0 1.082 | 0.002169 | 19.99783 0 0
2.5 - Brake control 22.58% | 5.27% 3.70% |[0.999988] 0.999988] 2.016 2.016 0.00023 | 19.99977] 2.016 0.00023
2.11 - Angle cock 0.00% 2.73% 1.91% | 0.999892 1 0 1.042 | 0.002169 | 19.99783 0 0
2.6 - Pressure Governor 22.14% | 5.17% 3.63% |[0.999989] 0.999989| 1.977 1.977 | 0.000226 | 19.99977| 1.977 0.000226
2.8 - Check Valve 0.00% 2.94% 2.06% | 0.999892 1 0 1.123 | 0.002169 | 19.99783 0 0
2.9 - Safety Valve 0.00% 2.98% 2.09% [ 0.999892 1 0 1.138 | 0.002169 | 19.99783 0 0
3.1 - Brake cylinder 0.00% 3.82% 10.16% | 0.999695 1 0 1.459 | 0.006104 | 19.9939 0 0
3.2 - Brake Caliper 0.00% 10.68% | 15.37% | 0.999695 1 0 4.083 | 0.006104 | 19.9939 0 0
3.3 - Brake coupling 0.00% 3.24% 8.44% [ 0.999695 1 0 1.239 | 0.006104 | 19.9939 0 0
3.4 - Hose 0.00% 3.18% 1.23% | 0.999847 1 0 1.214 | 0.003052 | 19.99695 0 0
3.5-Pipe 1 0.00% 2.77% 1.95% | 0.999892 1 0 1.06 0.002169 | 19.99783 0 0
3.6 - Pipe 2 0.00% 2.68% 1.88% | 0.999892 1 0 1.026 | 0.002169 | 19.99783 0 0
2.10.3 - Pipe 2.03% 3.31% 2.16% |[0.999891]0.999999] 0.188 1.265 0.00218 | 19.99782| 0.188 0.000011
2.10.4 - Pipe 2.73% 3.48% 2.22% [0.999891] 0.999999] 0.246 1.33 0.002183 | 19.99782] 0.246 | 0.000014
2.10.1 - Pipe 2.36% 3.41% 2.20% |[0.999891] 0.999999] 0.213 1.302 | 0.002181 | 19.99782| 0.213 0.000012

2.10.2 - Pipe 2.14% 3.40% 2.22% |[0.999891] 0.999999] 0.194 1.301 0.00218 | 19.99782] 0.194 | 0.000011




Criticality Analysis Summary

Inspection PM ocC
Block Name Im"b;f of Doup\:entime ";";'::r Downtime m";er °f| powntime 1;?;'
nspections v o s Yn s ovr)
1.1 - Shaft 5 0.000571 4 0.000457 0 0 £968.40
1.2 - Bearing 10 0.001142 9 0.001027 0 0 £1,421.70
1.3 - Seal 10 0.001142 9 0.001027 0 0 £900.00
1.4 - Coupling 15 0.001712 4 0.000457 0 0 £200.05
1.5 - Control 0 0 0 0 0 0 £807.60
1.6 - Pipe 17 0.001941 2 0.000228 0 0 £221.30
2.1 - Reservoir vessel 8 0.001826 2 0.000457 0 0 £4,454.00
2.7 - Triple Valve 15 0.001712 4 0.000913 0 0 £840.30
2.2 - Equalizing Reservoir vessel 8 0.001826 2 0.000457 0 0 £2,188.00
2.3 - Auxliary Reservoir vessel 8 0.001826 2 0.000457 0 0 £2,184.00
2.4 - Driver brake valve 15 0.001712 4 0.000457 0 0 £280.00
2.5 - Brake control 0 0 0 0 0 0 £100.80
2.11 - Angle cock 16 0.001826 3 0.000342 0 0 £300.00
2.6 - Pressure Governor 0 0 0 0 0 0 £395.40
2.8 - Chedk Valve 15 0.001712 4 0.000457 0 0 £280.00
2.9 - Safety Valve 15 0.001712 4 0.000457 0 0 £280.00
3.1 - Brake cylinder 26.563 0.006065 0.174 0.00004 0 0 £17.40
3.2 - Brake Caliper 26.565 0.006065 0.172 0.000039 0 0 £51.60
3.3 - Brake coupling 26.599 0.006073 0.138 0.000032 0 0 £3.45
3.4 - Hose 26.607 0.003037 0.13 0.000015 0 0 £19.50
3.5-Pipe 1 16 0.001826 3 0.000342 0 0 £450.00
3.6 - Pipe 2 16 0.001826 3 0.000342 0 0 £450.00
2.10.3 - Pipe 17 0.001941 2 0.000228 0 0 £218.80
2.10.4 - Pipe 17 0.001941 2 0.000228 0 0 £224.60
2.10.1 - Pipe 17 0.001941 2 0.000228 0 0 £221.30
2.10.2 - Pipe 17 0.001941 2 0.000228 0 0 £219.40
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RAM Quantitative Requirement S

Equipment Reliability Input target Reliability requirement OARequirement
PDF 7! c R(T) B1% B10% OA(T)
Compressors |Normal 2.5 0.1 100% in 2 years 2.1 2.3 100%in 2 years
BN Miantanability Input target Maintainability requirement
PDF n c MT)
Compressors |Normal 1 0.5 100%in 0.5 hours | Repair <0.5 hours
Equipment Reliability Input target Reliability requirement OARequirement
Compressors |PDF 1) c R(T) B1% B10% OA(T)
Shaft Gumbel 7 0.5 100%in 5 years 5.5 6.3 100%in 5 years
Bearing Normal 3 0.1 100%in 2.5 years 2.7 2.85 |100%in 2.5 years
Seal Normal 3 0.1 100%in 2.5 years 2.7 2.85 [100%in 2.5 years
Coupling Normal 5 0.1 100%in 4.5 years 4.7 4.85 |100%in4.5 years
Control Exponential 10 2 100%in 2 years 2.1 1 100%in 2 years
Pipes Normal 10 0.5 100%in 8 years 8.5 9.3 100%in 8 years
Dt Miantanability Input target Maintainability requirement
PDF n c MT)
Shaft Normal 0.5 0.1 100%in 0.5 hours | Repair <0.5 hours
Bearing Normal 0.5 0.1 100%in 0.5 hours | Repair <0.5 hours
Seal Normal 0.5 0.1 100%in 0.5 hours | Repair<0.5 hours
Coupling Normal 0.5 0.1 100%in 0.5 hours | Repair<0.5 hours
Control Normal 0.5 0.1 100%in 0.5 hours | Repair <0.5 hours
Pipes Normal 28 4 100%in 0.5 hours | Repair <0.5 hours
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FMEA Methodology owg

1. Define System hierarchy

2. Select Equipment

3. Define Failures, cause, effect, detection (FMEA/FMECA)

4. Define Recommendation, Tasks and plan

9. Report recommendation tasks and plan

6. Implement Recommendation
tasks

7. Review FMEA

Figure 2-2 FMEA methodology
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Hazard Seventy Leved
Indgnificant Marginal Critical Catastrophic
') n ] I

Freauent A Undesirable
@
g Probable B Tolerable Undesirable
5
¢ |Occasional C Tolerable Undesirable Undesirable
k]
;" Remote D Negligible Tolerable Undesirable Undesirable
E
g |'morobable E Negligible Negligible Tolerable Tolerable
(1R

Incredible F Negligible Negligible Negligible Negligible

Description

Abbreviation

Catastrophic : Fatalities and/or multiple severe injuries
and/or major damage to the environment.

Critical : Single fatality and/or severe injury and/or
significant damage to the environment.

Marginal : Minor injury and/or significant threat to the
environment.

Insignificant : Possible minor injury or minor system
damage.

v
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Failure Mode and Effect analysis (FMEA)
FMEA Leader: Document: Date:18-03-2016
Dr. Eduardo Calixto DE-101223-001 Rev01 - :
System: Trai Subsystem: Equipment: Co + Shaft trol. Enai Beari
ystem: Train Brake e e mponent: Shaft, control, Engine, ring
Mitigat: Risk
NO Compone Failure mode Phase Root Cause (o] Consequence -] R : Iqa € (o] -] s
nt Action Post
1 Ins Incorrect installation B To |mp|emegtn(|jn?traglie:|;on procedure E El
Worn out 9
Shaft Loss of Brake -
op Normal wear. c | To implement RCM to define E | El
PM/Insp
Fracture op High Vibration C I e E I El
preventive Maintenance
: o To implement RCM to define
Lack of signal Op Open/Short Circuit C I PM/Insp E I El
Comlnuous De Software fault c | To implement RCM to define E | El
Signal software test
Control Loss of Brake i
High Vibration c To implement RCM to define E El
PM/Insp
Disconnection Ma
Incorrect installation B To implement montag{_a_test <L E El
procedure definition
Pt op Lack of P_rocgdure for B | To implement Iubnr?a_tlon procedure E | El
Beari lubrication Loss of Brake and Training.
ng : High vibration caused by To implement RCM to define
Cracking oP B Il E Il Ell
overload PM/Insp
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Failure Mode and Effect analysis (FMEA)
Dr. Eduardo Calixto DE-101223-001 Rev01 Date18-03-2018
o Subsystem: Equipment: ) i :
System: Train — — — Component: Shaft, control, Engine, Bearing
Mitigat Risk
NO (EETTIE Failure mode Phase Cause Root Cause [+ Consequence s R : Iqa © [+ s s
nt Action Post
’ ins |LAck of procedures and supervision|  Incorrect 3 To implement installation 3 El
for installation installation ocedure and Traini
Worn ot P g
2 op Aged Normal wear c | o p|em§; HRCM maETE E | El
Shaft Loss of Brake nsp
| To implemert RCM to define . | Bl
i j reventive Maintenance
3 Fracture op | LBk mb“.sgr”et.ss against NG |y vibration | © P
SR To implement Vibration test - =
(HALT/ALT/RGA)
To Implement Temperatl,re and
o voltage test (HALT/ALT/RGA)
4 Lackofsignal| op | “FKO mbuvsotl?esz agains high Opgrﬁ;m C E El
2 To implemert RCM to define
PM/insp
Continuous . V&V software test and Reliabity
5 Sigral De Softw are wrong configuration Softw are fault G e Eos E El
Cortrol Loss of Brake To implement Vibration test
o (HALT/ALT/RGA)
6 Lack of robustness against NaN | o vipration | © E El
vibration . .
Disconnection Ma To implement RCM to define
PM/insp
= Lack of procedures and supervision|  Incorrect 3 To implemeri montage test and z =
for installation installation procedure definition
To implement Temperature and
. oo | Lackof obustness agains rign Wromngt:reisglnrg . | voltage test (HALT/ALT/RGA) _ | .
Sei temperature selection To implemert RCM to define
ng PM/Insp
Bearing s L Loss of Brake To implemert lubrication
9 op Lack / Improper Lubrication Procedure for B ot E El
lubrication
To implement Vibration test
o High vibration (HALT/ALT/RGA
10 Cracking gr | LEEEE mb‘:f;r”;?’gnagam g | Caused by B I E I Ell
overload To implemeri RCM to define
PM/Insp
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ECC FMEA Database

ECC

EDUARDO CALIXTO

“FMEA Database for Railway Industry”
(Rail Infrastructure, Electric Power Supply, Signalling and Rolling Stock)
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Reliability requirement form FMEA
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Equipment |Qualitative Reliabilityand Maintainability Requirement References
Compressors

To implement mnstallation procedure and Training Organization Procedure

Sha ft To implement RCMto define PM/Insp Organization Procedure

To implement Vibration test (HALT/ ALT/RGA) Organization Procedure

To implement Temperature and voltage test (HALT/ ALVRGA/HASS)  |Organization Procedure

Control V&Vsoftware test and Reliabity software Target Organization Procedure
To implement Vibration test (HALT/ ALT/RGA/HASS) Organization Procedure

To implement RCMto define PM/Insp Organization Procedure

To implement Temperature test (HALT/ ALRGA/HASS) Organization Procedure

Bearing To implement RCMto define PM/ Insp Organization Procedure
To implement lubrication procedure and Training. Organization Procedure

To implement Vibration test (HALT/ AL RGA/HASS) Organization Procedure

G
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QALT (Reliability Qualitative requirement clarification)
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auremants decommssoning

Eduardo Calixto, 2022.
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