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WUUNARDU RANDOM FAILURE (WEIBULL'S DISTRIBUTION)
1. According to reliability engineers, which of the following is true ?
a. Weibull analysis is the implied assumption that the future is the same as the past

b. As soon as design, maintenance or operating policies and practices change, the prior
failure history becomes unrepresentative of the future.

<. Weibull Analysis requires complete and accurate failure data
over a period of stable practices.
d. All of the above a, b and ¢ are true.
2. According to Weibull data, which of the following is NOT true ?
a. Complete data is the practitioner is aware of the exact time-to-failure
for a sample of the product.
b. Right Censored data is that all population failed at exact time.
¢. Left Censored data is that the failures are between 0 and 50 hours.
d. All of the above a, b and ¢ are not true

3. Use the Bathtub Curve to choase the correct answer.

B <1 (steep fall) B=1 (flat) B> 1 (steep rise)

Early life failure Wear-out & Aging
BATHTUB CURVI

allire

Infant Mortaiity Zone. Design Life Wear out Zone

Infant mortality zone is the zone with shape parameter ( |3 ) < 1.0; what is the probable cause

of infant mortality ?
a. Inadequate burn in (run in).

b. Misassemble.
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<. Some quality problems.
d. All of the above a, b and ¢ are correct.

4. Useful life or design life zone is the zone with shape parameter ( [3) = 1.0; called for random

failures; what is the probable cause of random failures ?
a. Maintenance errors.
b. Operating errors.
c. Failures due to nature (FCD, Lightening Strike, .....).
d. All of the above a, b and ¢ are correct.

5. Early wear-out zone is the zone with shape parameter 1.0 < B < 4.0; what is the probable

cause of early wear out ?
a. Many mechanical failure modes.
b. Roller and / or Bearing failures.
.V - Belt failures.
d. All of the above a, b and ¢ are correct.

6. Old age or rapid wear-out zone is the zone with shape parameter [3 > 4.0; what is the

probable cause of early wear out ?
a. Stress corrosion.

b. LCF (Low Cycle Fatigue), HCF (High Cycle Fatigue, TMF (Thermal Fatigue).
c. Erosion.

d. All of the above a, b and c are correct.

7. From the maintenance classification figure below, what is the cause of “Worst Maintenance”

causing infant mortality (B < 1.0) ?

LASSIFICATION

PERFECT MINIMAL
Maintenance
(Overhaul) (Repair)
=1.00
a. Bad maintenance.
b. Hidden faults.
c. Human errors and / or use of faulty parts.

d. All of the above a, b and c are correct.

8. When B = 1.0, the part implies random failure; overhaul the part is not appropriate for
random failure due to independent of time. What type of maintenance is the most effective for
parts which have random failures characteristic ?

a. On Condition (OC)

b. Condition Monitoring (CM)

c. Systern Rate Monitoring (SRM)

d. Component Reliability Monitoring (CRM)

9. Any Time Change Item (TCI) has its failure rate (A) = 1 / TBO (Time Between Overhaul). If part
“A” has TBO = 2,500 flying hours, what is the failure rate (M) of part “A” 7

a. A= 0.0002 (1/5,000)
b. Aa = 0.00025 (1/4,000)
c. A= 0.0004 (1/2,500)

d. Aa = 0.0005 (1/2,000)
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10. Any Time Change Item (TCI) has its failure rate (A) = 1 / TBO (Time Between Overhaul).

—Leh

Given the design reliability of any part is derived from the formula R(t) = e ; t=time.

Then, the design reliability of any TCl at the expired date (t = TBO) shall be
Rt expired date = € ~ VPO = @=® if o = the base for natural logarithms = 2.718281828... .

What is the reliability of any TCl at its expired date ?
a. 1/2.718281828 = 0.37
b. (1-1/2.718281828) = 0.63
c. (1/2.718281828) * 2 = 0.74

d. (1/2.718281828) * 1.5 = 0.56
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By using Weibull distribution from the figure above, we obtain the value of Shape Parameter (B)
= 1.2148 and the value of Characteristic Life (QL) = 2,456 flying hours. Which of the following

statement is true ?

a. The part is normal early wear out (1.0 < B < 4.0). At 2,456 flying hours, 63 % of the
part would be failed and 37 % would be good.

b. The part is normal early wear out (1.0 < 3 < 4.0). At 2,456 flying hours, 37 % of the
part would be failed and 63 % would be good.

c. The part is old age wear out (3 =1.2148). At 2,456 flying hours, 63 % of the part
would be failed and 37 % would be good.

d. The part is old age wear out (B =1.2148). At 2,456 flying hours, 37 % of the part
would be failed and 63 % would be good.
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A Time Change Item (TCl) part has its design reliability (orange line) and actual reliability (blue
line) as shown in the figure above. The overhaul interval of this TCl part is 5,000 flying hours.
What is the reliability of this TCl at 5,000 flying hours expired ?

a. 0.74
b. 0.37
c. 0.63
d. 0.56

13. PDF f(t) or Population Density Function of a part has its maximum value at 500 flying hours
which has reliability = 0.000304 as shown in the figure below. Which of the following statement

is correct ?

a. The part would mostly failed at 500 flying hours.
b. At 500 flying hours, 37 % of the part would be failed and 63 % would be good.

c. At 500 flying hours, 63 % of the part would be failed and 37 % would be good.

Ui RYEEERI

d. The part would need to be overhauled at 500 flying hours.

16, What shll we o withpats which hve been ved a “fant Novtalty (B < 1 7
2. Inform MRO provider or MRO supplier of the situation to find root causels).
b. Inform MRO'S Thai Agent of the situation.
C. Supply Division and Technical Division record and continue to monitor the situation.
d. Allof the above 3, b and ¢ are comect.

15. deally, how many data points are required regarding Welbull distrbution in order to ensure

a robust analysis
.5 or more data points
b. 10 or less data poins.
¢. 10 or more data poins.

d.5 or less data points.
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wuumagay RANDOM FAILURE (WEIBULL'S DISTRIBUTION) ¢ Weibull analysis is the implied assumption that the future is the same as

1. According to reliability engineers, which of the following is frue ? the past.

a. Weibull analysis s the implied assumption that the future is the same as the past. # As soon as deSign’ maintenance or operating policies and practices
change, the prior failure history becomes unrepresentative of the future.
becomes ¢ An analysis using the old data would produce poor decisions in that case.
c. Weibull Analysis requires complete and accurate failure data ¢ Weibull Analy5|s e
over a period of stable practices, along with an analyst who has thorough

understanding of the effects of past and current maintenance and operating

over a period of stable practices.

d. All of the above a, b and © are true.

policies and practices.
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2. According to Wesbull data, which of the following is NOT true

1.Complete data: With Complete data, the practitioner is aware of the exact time-to-failure

a. Complete data is the practitioner is aware of the exact time-to-failure for a sample of the product. An example would be that the product failed at 15,000 cycles.
2. Right Censored data: With Right Censored data, the practitioner successfully tests the
for a sample of the product. product or component for a pre-determined or known period of time, number of cycles, etc.

An example would be that the component operated successfully for 20,000 cycles. The
b. Rieht Censored data is that all population failed at exact time , -
l-'l-'-'r t Censored data s that all Dpulation 1 led at exact time. product or component may have continued to perform within acceptable parameters for an

unknown period.

3. Interval data and Left Censored data: With these data types, the exact time-to-failure is

d. All of the above a. b and © are not true. unknown but it falls within a known time range. An interval is a defined length of time between

¢ Left Censored data s that the failures are between 0 and 50 hours.

two known points. Therefore, component failures between 10 and 50 hours of use represent

interval data. If the component failures are between 0 and 50 hours, the data is considered left

censored.
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B = 1 isteap rise) The Weibull Distribution can describe
el life Fallure each portion of the Bathtub curve

Early Life

B<1

Steady State
Failure rate

Infant mortality zone is the zone with shape parameter ( I?J )<< 1.0; what is the probable cause Operating Time (hours, cycles, months, seconds)

Typical failure modes: Typical failure modes Typical failure modes:

of infant mortality 7 * inadequate burn-in
: * Misassembly
* Some quality problems
a. Inadequate burn in (run in).

Infart Moralily Zone Design Life Wiear out Zone

a
=
=
o=
=
=
=
=

Maintenance Errors, Human Errors, Abusive
[3 = 1.0 Random Failures Events, FOD, Lightening Strike, Failures due to

nature,

Many mechanical failure modes.

[3: 1.5: Roller Bearing Failure

B = 2.0: Ball Bearing Failure

B= 2.0 — 3.5: Corrosion or Erosion
P= 2.5: v - Belt Failure

B= 2.5 — 4.0: LCF (Low Cycle Fatigue)

10< B < 4.0 Early Wear Out

[3 > 5.0: Stress Corrosion

[3 > 4.0 Material Properties, Brittle materials like
Wear Out

old Age (Rapid)

B - Shape Parameters Interpretation

ceramics, some form of erosion.
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Inadequate burn-in (run-in) time to stress test,
Infant Mortality ~ production problems, misassemble, poor QC,
. o . . . . overhaul problems, solid state electronic failed
0. Useful fe or desien life zone is the zone with shape parameter | B = 1.0; called for random
Maintenance Errors, Human Errors, Abusive
:'I| it WA I:: 18 OrOCANE CALSS O TN [ I, -] I'II
e, what st p bable cause of random alures | Random Failures  Events, FOD, Lightening Strike, Failures due to

nature,

a. Maintenance erors
Many mechanical failure modes.

= 1.5: Roller Bearing Failure

B = 2.0: Ball Bearing Failure

[3= 2.0 - 3.5: Corrosion or Erosion
B= 2.5: v - Belt Failure

= 2.5 - 4.0: LCF (Low Cycle Fatigue)

b. Operating erors.

1.0< B <40 Early Wear Out

d. All of the above a, b and ¢ are comedt.
B > 5.0: Stress Corrosion

Old Age (Rapid)
Material Properties, Brittle materials like

Wear Out
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ceramics, some form of erosion.
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Inadequate burn-in (run-in) time to stress test,
Infant Mortality ~ production problems, misassemble, poor QC,

overhaul problems, solid state electronic failed

. . . Maintenance Errors, Human Errors, Abusive
5. Early wear-out zone is the zone with shape parameter 1.0 < B < 4.0; what is the probable ) ) ) ) )
' Random Failures  Events, FOD, Lightening Strike, Failures due to

cause of early wear out ¢
: nature,

a. Many mechanical failure modes. Many mechanical failure modes.

B= 1.5: Roller Bearing Failure

B = 2.0: Ball Bearing Failure

B= 2.0 - 3.5: Corrosion or Erosion
B= 2.5:V - Belt Failure

B= 2.5 - 4.0: LCF (Low Cycle Fatigue)

b. Roller and / or Beanne failures.

c. V - Belt failures. 10< B <40 Early Wear Out

d. All of the above a, b and ¢ are comect.

B > 5.0: Stress Corrosion

Old Age (Rapid)
Material Properties, Brittle materials like

Wear Out

B - Shape Parameters Interpretation

ceramics, some form of erosion.
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probable cause of ea
L 4 B > 4 are wear-out or end of life failures.

€ They should not appear in the design life.

¥ Age related failures include stress corrosion cracking, creep,
), HCF (1 ieh Cycle | ' - high cycle fatisue (HCF), and erosion.

€ Appropriate maintenance is often renewal of the item

¢. Ersion, with new or send the item to overhaul.

d. All of the a band ¢ are comedt.,

|
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Inadequate burn-in (run-in) time to stress test,
Infant Mortality production problems, misassemble, poor QC,

overhaul problems, solid state electronic failed

Maintenance Errors, Human Errors, Abusive
Random Failures Events, FOD, Lightening Strike, Failures due to

nature,

Many mechanical failure modes.
B= 1.5: Roller Bearing Failure
B = 2.0: Ball Bearing Failure
1io<PB<ao Early Wear Out

B= 2.0 — 3.5: Corrosion or Erosion
B= 2.5: v — Belt Failure

B= 2.5 — 4.0: LCF (Low Cycle Fatigue)

B > 5.0: Stress Corrosion

Material Properties, Brittle materials like

old Age (Rapid)

[3 - Shape Parameters Interpretation

Wear Out

ceramics, some form of erosion.
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MAINTENANCE CLASSIFICATION

7. From the maintenance classification figure below, what is the cause of *Worst Maintenance®

causing infant mortality 0z
MAINTENANCE CLASSIFICATION

I PERFECT MINIMAL WORSE WORST
PERFECT MINIMAL WORSE WORST
V— Manknuce  Maintenance T — Maintenance Maintenance Maintenance Maimtenance
(Crverhanl) (Repair)  (System does not Fal) (System Ful)

(Overhaul) (Repair)  (System does not Fail) (System Fail)

= 1.00

T I B=1.00 I B> 1.00

. Human errors and / or use of faulty parts. As-Good-As-New As-Bad-As-Old 1 BOd Maintenonce
d. All of the above a, b and ¢ are comect. TSO=0 TSO 7'—_ 0 2 Hldden FOU“'S

3. Human Errors
3 =1: Random failures 1< B <4 = Early wear out 4. Faulty Parts

e —
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8 "."-.u'h:::nE: 1.0, the part implies random failure; overhaul the part is not appropriate for

4 B = 1 implies random failures.

€ These failures are independent of time where an old part is “As good as a

random failure due to in

parts which have random failures charactenstic 7
New part”.

¢ Maintenance overhauls are not appropriate for random failures.
4 Condition monitoring (CM) and inspection are strategies used to detect the

b. Condition Monito )
B | onset of failure, and reduce the consequences of failure.

2. On Condition (00)

o Rate Maritor ¢ This zone is affected by random incidents and accidents.
4 It reflects poor operating procedures, poor risk management and poor

d. Component Reliability Monitoring (CR) materials selection at design.
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e ate () < 1 /TR0 (Time Between Ove . NAIBAIIMIT13AYBNIER W3 Failure Rate (A) flgsunnuudainfe
what s the falure rate (1) of part A7 7 “é'm'ld'maea‘hmuﬁaqﬁﬁqqﬂ"luﬁfama'mﬁa” Tagiten Failure Rate (\)
A= 0.0002 (1/5,000) ﬁﬁ'lﬂsi‘ﬁ. 0" = Constant)
- . #9ehevaa A = Constant AawanUszuan TCI (Time Change Item)
F100-PW-220/E Core Module iusian TCI fifasnaniuaumn 4

4,000 Cycles tiufia OEM r‘imuﬂa'\q’l%’mfiawﬁau‘lmjﬁ 4,000 Cycles
d. ha= 00005 (1/2,000) . Core Module 34fiA1 Constant Failure Rate (A) = 1/ 4,000 = 0.00025

isusenInUuA1va4 “Design Reliability” ¥4 Core Module @siuanila

b. A = 0.00025 (1/4,000)

- § A ARAA T4 40 Can
r .I"'-.-,-'-, U003 (172 500

NgA3 Design Reliability R(t) = e A - A*t)

——

AR feiun s R sELLN S TaNAENRIN AT
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10. Any Time Change ltem (TC) has is filure rate (A) = 1/ TBO (Time Between Overhaul) 1. 9NABATINSTIIAYELNER 38 Failure Rate (A) laSunsruudainde

Given the des y part is derived from the formula R(t) = e

“Sandauvesinauiaaiidsaluianamils” Tngiten Failure Rate (A)
A (A = Constant)

2. fneg19vad A = Constant ﬁaﬁaqﬂszmw TCl (Time Change Item)

3. F100-PW-220/E Core Module iusian TCI fifsnanisumn
4,000 Cycles tiufio OEM ﬁ'\vnuﬂa1q°l%'a'mfiawﬁau°lmiﬁ 4,000 Cycles

4. Core Module 34fif1 Constant Failure Rate (A) = 1/ 4,000 = 0.00025
5. indeninduavas “Design Reliability” 484 Core Module dsauanila

1_-1/e = 1/2.718281828 1ngAs Design Reliability R(t) = e A~ (A, * t)

—
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®1< B < 4 implies early wear out.

€ You would not expect this type of failure within the design life.
@ Failure mechanisms such as corrosion, erosion, low cycle fatigue (LCF)
and bearing failures fall in this range.

€ Maintenance often involves a periodic rework, modification, retrofit

or life extension task.
€ The shape can be altered by better materials selection, by degradation

management and by good control of operating practices.
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A3 1uKUIEVDN B waz AL

part wo

ﬂ: SHAPE PARAMETER
part would A ould _ B < 1.00 waasinunisdisanuudaunivun (Infant Mortality)
B = 1.00 uwanairfidnsin1sd1zadfinadi (Constant Failure Rate w3@ A = 1 / MTBF)
B > 1.00 wansinunisdrzaditinainnisideuanimainnisidaruniuund

& = CHARACTERISTIC LIFE
o Asdaviuaniiveigldarunnanaziinisdaga (Failed) = 63.2 % uwazazdadl

d. The part is old z out { . At 2456 flying hot of the part dnnldauldl (Serviceable) = 36.8 % wWIana1dnUsuils oL Afe “a1gldeu
VBIWANUAIVINKNIU Burn-In Period Tuuda azdrgaiiagvinlatuies”

d be failed anc
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ACTUAL RELIABILITY DESIGN RELIABILITY 2ata ( e 1.214831

ACTUALR = e A - L70)4 B) RE)=eA-CA"L) or Characteristic Life 2456.222

AEUAERLITY |

A Time Change Item (TCl) part has its design reliability (orange line) and actual reliability (blue

C-130H Pump Housing Design VS Actual Reliability

line) as shown in the figure above. The overhaul interval of this TCI part is 5,000 flying hours.

What is the reliability of this TCI at 5,000 flying hours expired 7

a. 0.74

b. 037

o 0.63

RELIABILITY R (t )

d. 0.56

- 2. ar 5 . 2. =3 as 3,
HILHW WA TTNECHHWTIFTETULUNTITUABHAITIIATINIFAEITH ?ﬁ&l ATHLUasaansILaz LN mﬁﬁ’l‘uﬂ’iﬂﬂ
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13. POF f{t) or Population Density Function of a part has its maximumn value at 500 flyine hours , ﬂ?ﬂ‘ﬂﬁ JAINA
which has reliability = 0.000304 as shown in the figure below. Which of the following statement R\ Y/ 1 5 PDF Poulation Densi Function) Directorate Of Aeronautical Engineering
— —— R A——

is comect ¢

PDF: POPULATION DENSITY FUNCTION: f (t)

POF: (1) =(B/t)*(t/0)AB*(en-(t/a)AP)

0000281084 C-130H Pump Housing PDF f(t)

PDF (Maximum) = 500 FH
1000 0000291497 . <) "\ At 500 FH, Most Pump Housing failed

1500 0.000256849

2000 0.00021713

PDFf(t)

i ) 2456.22 0.000181951
a. The part would mostly failed at 500 flying hours.

3000 0.000144271

b. At 500 flying hours, 37 % of the part would be failed and 63 % would be good. 3500 0000114689

4000 9.00272E-05

. At 500 flying hours, 63 % of the part would be failed and 37 % would be good.
4500 6.99116E-05

d. The part would need to be overhauled at 500 flying hours. 5000 5.37826E-05

5500 4.10304E-05

6000 3.10669E-05




ASHNA TSI TA
Dlrectorate Of Aeronautical Engineering

ASHZ19BINIA
Directorate Of Aeronautical Engineering

14, Whatshll we o vith parts which have been verf s “nfat Mol (< 1017
4.1 Weibull dumsuansn Characteristic Life () vaslaseadn o, LAsaseud

‘n[r H[ [' dep ol Hl- g JPF hm [1‘ h[w l ]C“r" rmd mn‘ (Al I‘ﬂ‘\] TGEATEN ] WLﬁﬂﬂ’lﬁ‘U’lEﬂLLﬂU?jﬁJ (Random Failure) NU%IEJWE]EJI'NQQ NIPMHY

Tismsnuieduassvasnstnsm (B Shape Parameter) $ud Infant

- Mortality 38104 Normal Wear Out siliims1udn Burn-in Period sasnstu

D nform RO Thi Avent of the stuation . i
9789914 Burndin nusiinla

- - | | o 4,2 nsaitwuin nfant Mortality ssléumanuiaiidu Root Cause 1y agunm

C. Supply Division an Technical Divsion record and contnue to monitor the Siuation wundetay, aummaacianiidlumsdon duf

1.3 uneulumsidumsbigenndudouasreiin idhdyfenziamaedinUjs

d. All of the above d, D and ¢ are comect oy | Jauiianrtnng wandunsenssivtiannmannsavesniedeuly

NSAINMAMGRIIMTaRlANeIAINTTY Reliability Engineering)

- i T o ° 2 o &
~inasAnagaismaiansTuuNsdena§ e InAET Misinaaansuuay WHNIATFIRANG
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i 2. ar 5 . 2 o3 ar @,
VTHILHUATTSNEH WIS ULINISUBHNAITIIDINIFAEITH ?ﬁuﬁqﬂﬂﬂaﬂﬂﬂﬂ LAzt m‘iﬁ"luﬂ'lﬂﬂ

b



ASHYTIB T TA
‘Directorate Of Aeronautical Engineering

SN I9BINIA
Directorate Of Aeronautical Engineering

15. Ieally, how many data points are required regarding Weibull distribution in order to ensure
¢ Many organizations have kept records of failures manually or in

a robust analysis ?
computer systems, but not used the data in any useful way.

a. 5 or more data points. ¢ Failure data is the best source of reliability information available.
4By transforming maintenance and parts history into useful data used to

h. 10 or less data points.
F make failure forecasts, it models the benefits of alternative strategies, or

c. 10 or more data points. analyses the reliability of current systems and their capacity to meet

operating needs,

d. 5 or less data points ; ; ;
3. 9 OFIESS Gl POt ¢ deally about 10 data points are required for each failure mode to ensure

a robust analysis. Too few points causes uncertainty & interpretation from

the curves cannot be trusted.

“iihasAnstiadiumsimwszuumstanadaamdnm Bifianmasadtuadunasgmana
S —

STHHERNISWaIRIsSTULNIsTanassatniser Willarinuaandauazifiuuinsgiuaina

Q 2.




F19N 2 INEIT71 77

DAE Mobile Training Team

RANDOM FAILURE
(Weibull’s Distribution)

TEST & TUTORIAL

As of 5™ Feb 2021




