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1. Weibull Concept
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Neibull Concept

¢ Waloddi Weibull identified the Weibull distribution in 1937 while seeking
a formula for the failure rate of welds.

¢ It is now one of the most commonly used methods for fitting equipment
life data and used extensively in the aviation industry to optimize

maintenance intervention and select maintenance strategy.

¢ Weibull could represent all the zones of the bathtub curve.
¢ Accurate Weibull Analysis needs trustworthy parts failure data with clear

failure modes. The Weibull Analysis is a valuable and relatively easy to

apply tool that can be utilized by reliability engineers or analysts.




\Welbull Concebpt

¢ Weibull analysis is 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.

¢ An analysis using the old data would produce poor decisions in that case.
¢ Weibull Analysis requires complete and accurate failure data

over a period of stable practices, along with an analyst who has thorough

understanding of the effects of past and current maintenance and operating

policies and practices.
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Neibull Concept

¢ Many organizations have kept records of failures manually or in
computer systems, but not used the data in any useful way.

¢ Failure data is the best source of reliability information available.

¢ By transforming maintenance and parts history into useful data used to
make failure forecasts, it models the benefits of alternative strategies, or
analyses the reliability of current systems and their capacity to meet
operating needs.

¢ |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.




1.Complete data: With Complete data, 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

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
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
unknown but it falls within a known time range. An interval is a defined length of time between
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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2. Failure Patterns &Shape Parameter ([3)
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B<1 (steep fall) B =1 (flat) |3 > 1 (steep rise)

Early life failure Wear-out & Aging
: BATHTUB CURVE :

Random failure

Infant Mortality Zané Design Life Wear out Zone

B = 1: Random failures;

)

1< [3 <4 = Early wear out; [3 > 4 = Wear-out or end of life failures
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The Weibull Distribution can describe

each portion of the Bathtub curve

Failure Rate

Steady State
Failure rate

Operating Time (hours, cycles, months, seconds)
Typical failure modes:

Typical failure modes: Typical failure modes

* Inadequate burn-in
* Misassembly
* Some quality problems

- e ——-u— ar L ars G3,
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MAINTENANCE CLASSIFICATION

PERFECT MINIMAL WORSE WORST

Maintenance Maintenance Maintenance Maintenance

(Overhaul) (Repair)  (System does not Fail) (System Fail)
IB=1.00 IB>1.00

As-Good-As-New As-Bad-As-Old 1. Bad Maintenance

TSO =0 TSO % 0 2. Hidden Faults

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

€ Electronic and mechanical components often have high failure rates
initially.

¢ Some components are purposely ‘burnt in’ prior to use, while others
require careful commissioning after installation.

¢ The presence of infant mortality indicates poor training, lack of procedures

and poor quality control.
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¢ B = 1 implies random failures.

¢ These failures are independent of time where an old part is “As good as a
New part”.

¢ Maintenance overhauls are not appropriate for random failures.

¢ Condition monitoring (CM) and inspection are strategies used to detect the
onset of failure, and reduce the consequences of failure.

¢ This zone is affected by random incidents and accidents.

¢ It reflects poor operating procedures, poor risk management and poor

materials selection at design.
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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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¢ 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,
high cycle fatigue (HCF), and erosion.

¢ Appropriate maintenance is often renewal of the item

with new or send the item to overhaul.
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3. ANULNNNY (Objective)




e

dunsafuangnsidnuvestudulassaieeniae, wdessud wazuisuel
1ﬁiﬂalﬁwqwﬁmwL%ﬁa‘lﬁmqé’quﬁmniiu (Reliability Engineering) fnan15 1%
Weibull Distribution Model dwsun15915auuugyd (Random Failure)
‘Lunsaiﬁﬁamﬁﬂmsﬂﬁﬁﬂ%ﬂ q Auluirwlanfilndifeeiu wazsiatessdadionadl
ANUANIINNITTIFARUUABUAIMUA (Infant Mortality) AEINITAATUIANIAN

Characteristic Life Guaawaﬂuu‘lm MaaNAUNINUA Threshold wag Criteria cI/I
azmaam’awaﬂﬂamagnmmLLazmmzan

gNITAVVAAINAINNITAVIUNAINNITYIDINIA NN LANIITUAIULDNUIFY AT
AnTeviveyalaglingulanueadalanieniuiaingsy (Reliability Engineering)
a1 luae




4. WUININAUUNIS (Solution) ANLAIAIUINGINTT 67/55
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INAIBATINTTIIAVBINER 30 Failure Rate (A) AldFunsuudainie
“Snsndruvasinuruianitrsaluiaainamils” Taefidn Failure Rate (A)
fiAnAsi (A = Constant)

A2819989 A = Constant ﬁaﬁaqﬂizl,mn TCI (Time Change Item)
F100-PW-220/E Core Module 1iuwsn TCI fifasnaniuagunn 1

4,000 Cycles tufa OEM viunangldsrunaudaninnit 4,000 Cycles

Core Module 3493iA1 Constant Failure Rate (A) = 1 / 4,000 = 0.00025
53en3nduA1vas “Design Reliability” a9 Core Module Feauaala

27ngn3 Design Reliability R(t) = e A - (A * t)




TBO or MTBF

A

R(t) = er-At)

4000

0.00025

1.00000

4000

0.00025

0.90484

4000

0.00025

0.81873

4000

0.00025

0.74082

4000

0.00025

0.67032

4000

0.00025

0.60653

4000

0.00025

0.54881

Reliability (R)

4000

0.00025

0.49659

4000

0.00025

0.44933

0.00025

0.40657

0.00025

0.33287

0.00025

0.30119

0.00025

0.27253

0.00025

0.24660

0.00025

0.22313

F100 Core Module Reliability

RO =eA-(A*t)

|
|
|
v

3,000 5,000 6,000 7,000

CYCLES

1,000 2,000

¢ Core Module w83 8.F100 wlaldauds 4,000 Cycles
(Reliability = 0.37) fosnanasiiadetaulng

¢ Time Between Overhaul %aﬁﬁaq TCl ‘I/!ﬂ‘li‘ljﬂ
deldauasuaigudaazivaad Reliability = 0.37 Laue
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C-130H Valve Housing

130720819289 A = Constant @a Valve Housing ¥84 U.8.8 (C-130H)
Juwan TCI #idasaanalasuyn 9 5,000 Flying Hours

WuRa OEM fviunangldaunaugeulvgii 5,000 FH

Valve Housing 393A1 Constant Failure Rate A) =1/ 5,000 = 0.0002
53en3duA1vas “Design Reliability” was Valve Housing feauanle

91NgM3 Design Reliability R(t) = e A - RED




TBO or MTBF R(D) = eNCAY) Valve Housing Reliability

5000 1.00000

5000 0.90484

5000 0.81873

5000 0.74082

RO =eArA-(A*t)

5000 0.67032

Reliability (R)

5000 0.60653

5000 0.54881

5000 0.49659

1,000 2,000 3,000 4,000 6,000 7,000 8,000
5000 0.44933

FLYING HOURS

5000 0.40657

¢ Valve Housing 484 U.C-130H aldeude 5,000 FH

0.33287

(Reliability = 0.37) fosnanasiiadetaulng
0.30119

¢ Time Between Overhaul ?Ja\‘iﬁﬂq TCI NNYUA
0.27253

Waldauasusiglaiazmanan Reliability = 0.37 1&ua

0.24660
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¢ Lwicluﬂ'amlf]ua‘%mé"sﬁgq Core Module w84 8.F100 ae Valve Housing U84
u.C-130H a1aldaulglaiFe 4,000 Cycles uag 5,000 FH flarafian1stnsntiu
nourmuald Fasisendnliy “a1sdrsauuugu” e Random Failure

¢ lumsduumeaignisldauvesianiiinsdrsauuugu w3e Random
Failure ‘Ifu 157141 Weibull Distribution Model unle91u

¢ Software Y89 Weibull (Reliasoft: Life Data Analysis) 31 l919U1INNI 1,000
U’%ﬁ’%i}lﬂamni‘mﬁ"'ﬂan (Aerospace, Automotive, Electric Power, Nuclear

Power, Medical, Dental, Electronics, etc.)

¢ naalTairnausunisiyd Weibull Software UIU 3 U LALSILSEU Y2 AU




—

19N IS T7I1F

5. 95115 (Weibull Demonstration)

ORISR
PUMP HOUSING 4949 C-130H/H-30
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1. iiusausaudiaya C-130H/H-30 Pump Housing #iiinnsg1ganaunsuany 5,000 FH d1uau 31 EA (2015- 2020)
2. Whdayaundniinnisnelu Microsoft Excel Tngisasanauaintdagluniuin
3. davindayalu Column C, D, E uag F Tun1319 Excel (14 Excel Template)
4. NV Excel ﬁlmwﬁa 3 19 Click File”, “Options”, “Add Ins”, “Analysis ToolPak”, “Go”, “Analysis ToolPak”, “OK”.
5. IMNNU129 Excel ﬁlmwﬁa 4 19 Click “Data ”, “Data Analysis”, Regression”, OK,
6. Excel azuansnan1sA1uIaiazns1nle New Worksheet
7. Tudae A19 uaz A20 T¥lddana1u Beta (or Shape Parameter) wag Alpha (or Characteristic Life) aMuainu
8. Tuvas B19 uaz B20 ildegns = B18 uae = EXP(-B17/B18) Aua16U
9. uensnildann Weibull Iianesunuaudasnis
10. Tuvias A5 uaz B5 lddifinn 1uen R Square fudnsianrugndasitldainnisiuiauias Weibull
11. 970 Weibull Excel Spreadsheet aza@1u15a8519n5
11.1Design VS Actual Reliability
11.2 Reliability Calculator
11.3 PDF ( Population Density Function )
11.4 CDF ( Cumulative Distribution Function )

2.

sAsTINAISWMRIsST LN STdanadasa nase e Tk

b

=3
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Part Number

EXAMPLE
N3AUTIVTINTBYA 14 Excel Template

UV
TCl

- | Quanti’,

TCl UNSCHEDULED C-130H 2015-2020 60150DN ——

RTAF Numbe _

Description Serial Numbe |  Position |

Install Date |  Interval

¥

BN WU UNELAT B TBO (FH, MO,
am;?\, (VNNELaT NA.) YR, etc.)

szgsIaN Y

=2 o o
UIUNIIUN
aonoan (FH,
MO, YR etc.)

o/ =
Uunn
Yy v v
UVUAVDY/
#UVAVBINTG
flanaan


PHONGSRICK TCI UNSCHEDULED C-130H 2015-2020 (ASSIGNMENT)V1 FOR WORKSHOP.xlsx
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Directorate Of Aeronautical Engineering
i S —— T

TCI UNSCHEDULED C-130H 2015-2020 601SQDN

Part_MNumber o Description Serial_MNumbe _ -~ | RTAF Mumbe _ Install Date | _ Interval Cuanti'_ TSSO

T23872-2 HOUSING ASSY. SE17638 5/31 14/2/2016 5000 FH 1 4, 780.20

T33872-2 HOUSING ASSY. 880424 5/31 25/9/2016 5000 FH 1 4.546.50

T33872-2 HOUSING ASSY. SEATBS 5/31 23/12/2010 5000 a.740.80 eng not start valve and pump housing broken

T33872-2 HOUSIMNG ASSY. PP10130147 11/35 27272010 5000 a 244 830 8/12/2016

T33872-2 HOUSING ASSY. Cz2422 12/35 31-um-12 5000 3,947 60 DEFECT FOUMD LEAK TAl 15/3/2017

T23872-2 HOUSING ASSY. 910913 11/35 8-o.hA-16 5000 2,92020 LEAK AT PDM 9 NOWV 178/711/2017

T33872-2 HOUSING ASSY. 22389 12/35 15-3A-1T 5000 276.80 DEFECT FCF PDM 15 JUNE 17 TALNEW 25/12/2016

T33872-2 HOUSING ASSY. SE20728 8/33 3-nA-15 5000 1.194.30 DEFECT PDM ST-1 TAI AUG 1822/8/2018

T33872-2 HOUSIMNG ASSY. Q00135 12/35 - e -13 5000 3.608.00 25/12/2017

T33872-2 HOUSING ASSY. 830341 9/35 20-wA-17 5000 64360 LOW PITCH STOP OPERATE INCORRECT 60126/3/2019

T33872-2 HOUSING ASSY. 900129 12/35 25-0.A-17 5000 164.90 PEFECT PACKAGEH11&#12 18 APR 19 TAIZ1/5/2019CANN FROM 106 PDM ST-2 T,

T33872-5 HOUSING ASSY. 22769 6/31 16/12/2014 5000 594.60 4/11/2016

T33B72-6 HOUSING ASSY. SET360 5/31 10/4/2013 5000 1.738.80

T33872-6 HOUSIMNG ASSY. 210913 5/31 25/9/2016 5000 263540

T33872-6 HOUSING ASSY. 210913 6/31 16/7/2009 5000 2,595 90

T33872-6 HOUSING ASSY. SE16329 6/31 25/9/2016 5000 881.60

T33872-6 HOUSING ASSY. 18926 5/31 23/12/2010 5000 4.228.20

T33872-6 HOUSING ASSY. 220728 5/31 25/9/2016 5000 1.784.80

T33872-6 HOUSIMNG ASSY. 220728 6/31 22/3/2012 5000 1.74530

T33872-6 HOUSING ASSY. 911225 &6/31 25/9/2016 5000 11920

T338T72-6 HOUSING ASSY. 910741 5/31 21/3/2014 5000 T8T7.80

T33872-6 HOUSING ASSY. 22769 5/31 25/9/2016 5000 574.70

T33872-6 HOUSING ASSY. 880424 6/31 10/9/2007 5000 a4.507.00

T33872-6 HOUSING ASSY. 230929 6/31 25/9/2016 5000 141330

T33872-6 HOUSING ASSY. 910741 a4/26 20-3l8.-16 5000 1,018.20 PMECAMICAL DAMAGE 6019/5/2017

T338T72-6 HOUSING ASSY. 210913 10/35 11-&a1A-1T 5000 2,796.50 PROP CIL FPWD PUMP 60150QDN 18/8/2017

T33872-6 HOUSING ASSY. 920728 5/31 d-@inA-16 5000 197890 LEAK AT PWD PUMP 601S0QDN 30/10/2017

T33872-6 HOUSING ASSY. 211010 11/35 28-aA-11 5000 3,08030 LEAK PDM 9 NOW 178/11/2017

T33872-6 HOUSING ASSY. 211012 10/35 22-we-18 5000 140110 CANMN FROM A/C101 ENGH3 PDM S5T1

T33872-6 HOUSING ASSY. 22769 5/31 11am-17 5000 1.423.00 REMOVE IN PDM ST-2 JULY 62 TAIZE/T/2019TS0=6.5

T338T72-6 HOUSING ASSY 921033 1/23 22-Nnn-19 5000 1,45%.80 MECH GOV.TQ.RPM.F/F VIBRATION 601 31/1/2020

- 2. ar 5 . 2. =3 as 3,
HILHW WA TTNECHHWTIFTETULUNTITUABHAITIIATINIFAEITH ?ﬁ&l ATHLUasaansILaz LN mﬁﬁ’l‘uﬂ’iﬂﬂ

a L
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Directorate Of Aeronautical Engineering

3. ’«3’911/?’16{1’@%%1114 Column C, D, E uLlag F Tun1319 Excel (19 Excel Template)
A B C D E F

PAECILAM PR LfLrd 1.C1  PAEDLAPN RArdR) LriPurmp Housing Failed Hours) | =
T -

DZ2E0153035 -STOZZEZLIE9S . TS03I0Z2TES

L_JI‘-AF' HOUSIMNG FAILED HRS P EC LA Foas e I e

119 .20 D225

=g ] MO 5a 190 OS5 7239057 -Z 8ss8davTaz0q 5 10533925

t=fa ] OE593T OGS A0TEE5 5 ~Z2Aa0893T543 5. aeZ3295224

e A1Ts34 133574007 — 2 OT 62206 5 353848156

B0 L1asaes? MATSEO0Z9963 -1 81926543 5 2B TE85911

S0 ASs1529 ZZI1ITSS83 -1 60TS5466 1 5 ASGTOTTA1LS

TET. .80 21 EETO T 1Z255061 -1 . AzZ270O0959854 P GHP2aa4F 51

281.a0 25223 EZZ2A4594515 -1 26821581 > . TBLIT7TZ8438

1018 20 2T TOoTo EHE8EE5e9 1 -1 125654551 » PETII1Ioa1

1.194. 30 03917 G T OO S0 S -0.995E5816359 DOE5315519

14401 10 BAOTGA HB1e908213 -~ BT5A45087T5 Z2AS01Zz2221

149413 320 BTZs11 SHO39208629 - TEIL1IE3ILSE Z2E3a826Ta

1.Aa4Z232 00 AOAA5S ST L1AAEZES5 —O.SesETZ21212 ZEeDS5S 22595

1. 9459 80 MAES6 S0 VG401 1299 -0 5563945126 Z2e9zZs8lalo

SR N N T S = S e e e e N N

1. 738.80 AEB153 SSBB0Z39521 —OASSS1TO1LE AE0S 50499

1.7Aa45 30 Estelelelelel = —O 366512921 T ASASE1TA

1. 754 .80 =2154a7 1366054422 DO Z2TE5805&87T8 T AsSTVOos1la4d=

1. 2978 90 536 9A ZS1TOSOS —O1STOEE1%1 T 520295414

2595 90 SE5al AT7T2a440945 -0 O99EQ R4S Baelad38556

26355 .40 SEETZES GE3TE0SEA —ODLIZ8635328 SBTaeT0Z252

2795 50 B5P2ES6 FEROAS 7459 D OFES7Faczs GEHe1Z39 149

2,920 .20 SES1033 Z2T1132402 D 150292 T7Ta4T7TS LSTAOTIES

3080 30 TZFZe30 G091 5402 D ZA95TES1 OBZIZ2TIZZTA

2.a05 00 O7FTFoz2207S 0O 24045541 1909083881

EATTT

BB NN NN

2,947 . &0 g =Ty = § G656 T 164 AZASZ 29540 20330 TS

O . FPRE 20 SlsarvTil 5 50877193 5534351735 5aes3ilos

La W= s B B = 1 ] BEO031S S.E3085 1084 SO 1565l SEE5E34449583

G4 507 OO0 BEeEZloo B a4s5ods3ocdsSa TFeDOe2o9 1S EZBTOZES

a4 546 50 S914013 11 62962963 DO 89 TL38545 a1 12985

A Tao S0 SA55a60 18 470588524 1 070274415 AGE3FSL1TT

O TFTaO0 30 LT TTOT Ad S5 714256 1 335917183 AT IEELEL

C: Median Rank= ((B2-0.3)/(31+0.4)); D: 1/(1 - Median Rank) =1/(1-C2); E: In(In(1/(1-MEDIAN RANK))) = In(ln(D2)); F: In(Pump Housing Failed Hrs) = (n(A2)




EXAMPLE

v

N1599¥1N924alu Column A, B, C, D, E wag F 1un1519 Excel (1% Excel Template)

Y

A B C D = F

PUMP HOUSING FALED HRS

9, |
Tudoslidn Median Rank= ((B2-0.3)/(N+0.4)) azfiAfidosszuas

4. . wWaey Lﬁaiiaa&aulﬁauﬁa A1 N Fadipwindudnuiudaya tules
naidage (Wewluun)
! = o w ) X Value
1389819 ULIANNY15A

(ordinate)

Y Value

(Uoaldun) (abscissa)

G

Bernard Median Rank = (Rank - 0.3) / (N + 0.4)

Median Rank= ((B2-0.3)/(N+0.4)); : 1/(1 - Median Rank) =1/(1-C2); : n(In(1/(1-MEDIAN RANK))) = In(ln(D2)); : In(Core Module Failed Cycles) = (n(A2)



PHONGSRICK TCI UNSCHEDULED C-130H 2015-2020 (ASSIGNMENT)V1 FOR WORKSHOP.xlsx

30H/H-30 Pump Housing Random Failure

4. N1 Excel Nlatuda 3 T4 Click “File”, “Options”, “Add Ins”, “Analysis ToolPak”, “Go”, “Analysis ToolPak”, “OK”.
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WHBULL 2020110 AUG2020 31 | Micrasgftbxcel
At FEEET 444
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Ll From Access [“a [—q L 'Comnediant 1« ; :‘Q ! : ata Taals P
. ! I 2 3] =8 2 it A 2
Gianmesiii 9 bl i e 1 i = i i i L1 # fojoraqaadag

Fiofri Other Teitto | Hashl | Rerion 1681 i 3 i f bl M4 1571959527

{Sfromiad 1] souces r ‘ L i _I e dovanced. | Golbpes | £+ Dunlicate F
Get Extemal Data I I 2 ! ST ¥ -1214075448
: i FEETTY i 13ii8as i : i ‘ ; -

tistigs
mfiothifr ]
mpje forvarianee.,

i“u“ﬁ : 0 “ ¥ : i I | | £F ‘ y el “

it

id
seng S bRy il
7 :@ -+

3t

mmmmem-==> LA3N “New Worksheet Ply”
uaztaan “Line Fit Plots”
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SUMMARY OUTPUT

Regression Statistics

Multiple R

0.989493892

R Square

0.979098162

Adjusted R Square

0.978377409

Standard Error

0.176250682

Observations

31

AMNOWA

55

MS

F

Sigriscance -

In{in{1/{1-bedian Rank)})

Regression

1

42.19892237

42.19892237

1358.437773

6.5157E-26

Residual

29

0.900864782

0.031064303

n{Pump Housing Failed Hrs.) Line Fit Plot

30

43.09978715

TotaJ.——-------—-_
- o

S Coafficiernts

Standard Error

£ Star

P-valre

Lower 952

Upper 5%

Lower 95 0%

Uppear 95 0%

Intercept

OM83433725

0.244340074

-38.81243704

1.49764E-26

-0.9832165286

-8.98370216

-0.983165286

-8.983702164

X Variable 1

b0673

36.85699083

1.147419062

1.282243351

1.14741

062| 1.282243351

Beta (or Shape Parameter)

Alpha (or Characteristic Life)

1.284831206 0.0329
1.21
2456222177

K4

R1Q

Cla
Il

[PRPA PRy
gpe rarat

\
] =

D1IO

V4

RESIDUAL OUTPUT

’/

hy \ =\ /Z

—~1
LN
Residudls

aracterist

/L
] = EAFPA

Predicted vV

-3.675565348

-0.11 660007S

-3.281308311

0.392830007

-2.652079206

0.243141663

-1.764580694

-0.311861512

-1.723226935

-0.096041495

-1.627026269

0.019171607

-1.381427688

-0.045669296

2000 (S| (| =

-1.244766238

-0.023450572

4 MEONFETOA

M NECO 7OEO0

6. Excel azuananNan1sAIuInaznsIniu New Worksheet

7. Tudae A19 uaz A20 l¥lddan21u Beta (or Shape Parameter) wag Alpha (or Characteristic Life) aMuainu
B20 Tvildgns = B18 waz = EXP(-B17/B18) mua1iu

8. Tutas B19

LA

9. wAanNsNNIA1n Weibull Tigr89un1uAIUADINS

10. Tudae A5 uae B5 Tddidien Wudn R Square fuansisanugndasiléainnisaiuansios Weibull

24

0.467137991

-0.12668258

25

0.576417156

-0.141587202

26

0.65983788

125486147

27

0.664597994

.023141353

28

0.73741138

022681613

29

0.748011951

.149526499

30

0.79885044

271423978

31

0.808930391

.526986792
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- —
. = — 0 N mm—— R

The Bathtub Curve

Hypothetical F allure Fate versus Time

—

B <1.00 End of Life Wear-Out

. Increasing Faillure Rate
Infant Mortality :

Decreasing Failure Rate

B =>1.00

Marmal Life (Useful Life)
Low "Constant” Failure R ate

K]
e
i
=
—
]
£
=
i
L5
2
-
L
=
o]

Time

—— <3 s 2. ar 5 . 2. 3 ars G2,
NI VITHILHHBATTUNEH R TIFTEULUNTISABHATTIIDTINIFARITN ?‘Vi&l ATNLUaaANsILAaz LUHN"IG’I‘Sﬁ’]‘uﬂ’Tﬂﬂ



MAINTENANCE CLASSIFICATION

PERFECT MINIMAL WORSE WORST

Maintenance Maintenance Maintenance Maintenance

(Overhaul) (Repair)  (System does not Fail) (System Fail)
IB=1.00 IB>1.00

As-Good-As-New As-Bad-As-Old 1. Bad Maintenance

TSO =0 TSO % 0 2. Hidden Faults

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




B e s T g p
Pl 1A VI 1dUeN D ¢

00 O I G
|

B = SHAPE PARAMETER
B < 1.00 wansdntunistrgawuunauniun (Infant Mortality)
B =1.00 uaneifidnsnisdrgaiingit (Constant Failure Rate %39 A = 1/ MTBF)
B > 1.00 ugasindunisdrsaiinarnnisidenannainnsldaumalni

O = CHARACTERISTIC LIFE
o AefAlavvanfsegldunnEnaziinisiia (Failed) = 63.2 % wazasddl

anwldaula (Serviceable) = 36.8 % Wsanandntieuils 0L NAe “1gldu
YBINEANAIIINHIY Burn-In Period TUuaq azdrgaiengwinlaiuies”




ATHNA I I TA

¢ Tugrusnisuduaanuuu wazairsaunsalla q Aeu gunsaliy 9 anadslifinduauysal
wazsinazgrganaunualialdaululabivig snFeninlusny “Burn-In Period”

ezmumLnsﬂ,ﬂmm/nmmmsmsanaunmum «iif1 B (Shape Parameter) <1.00 taua
¢ mmsﬂmmqﬂnsmuu o AUANMITONIUITEE “Burn-In” TUuan qﬂnimuu o azdlanglyau

fnvseaniidu 2 danwashe

1. $130 Design Reliability 191 Pump Housing fvualvinaniuasuiieny 5,000 FH
FaAn f) (Shape Parameter) = 1.00 Waf 39 ...

2. ?‘fﬂ‘gﬂ‘ﬁ Characteristic Life (QL) = 2,456.22 FH Ussunad 63.2 % (B = 1.2183)




%};&é@ C-130H/H-30 Pump Housing Random Failure

11. 970 Weibull Excel Spreadsheet agau13aa313n31WNa@1Ay AR

m 11.1 Design VS Actual Reliability
m 11.2 Reliability Calculator

m 11.3 PDF ( Population Density Function )
11.4 CDF ( Cumulative Distribution Function )

12. agUanszdAnyitléann Weibull
12.1 191UAN B = Shape Parameter; Ol= Characteristic Life
12.2 PDF f(1): AaAraminaziliu (Probability) Hasiinn1sdnse i 1aanla
12.3 A1UIUAT Warranty Period 11195503 = 95% Confidence; R(t) = 0.95
12.4 W51UA1 Median (ffspgu) = uneds su.ldeuiil Reliability = 50 %
R(t) = 0.50 (Safe Zone)



SUMMARY QUTPUT

Regression Statistics

Multiple R 0.989493892
R Square 0.97/9098162 Chanmnae ararmmaotar ( ’(\ 1.0 — 1121(NAareaal \WWeaarl 2, Taar)
Adjusted R Sguare 0.978377409 JrragpcTarartictgr g7 1I.U/ = L Z21\vuiitnac vvCal [ X 1Cdaiy
Standard Error 0.1?62506821
Observations 31 CharacHaricki~e |3 (Y D21N1E4 D9 ELI
‘,' I TAdiraCcyCiioulCT L1 C \WW/) = &, IV 1 T1
ANOVA P
A S5 MS F Significance £
Regression /' 1 42.19892237| 42.19892237| 1358.437773 6.5157E-26
Residual 4 29 0.900864782| 0.031064303
Total ,,/ 30 43.09978715
2L
R Coelficients Standard Error t Stat P-valse fower 95% Upper 95% | Lower 95.0% | Upper 95.0%
Intercept ‘/v -9.483433725 0.244340074| -38.81243704| 1.49764E-26| -9.983165286| -8.983702164| -9.9831565286| -8.983702164
X Variable 1 /' 1.214831206 0.032960673| 36.85699083 6.5157E-26 1.147419062| 1.282243351| 1.147419062| 1.282243351

Beta (or Shape Piﬂ’ar‘neter}

1.214831206

Alpha (or Characteristic Life) =

2456.222177

RESIDUAL OUTPUT

Observation

Predicted ¥V

Residuals

In{Pump Housing Failed Hrs.) Line Fit Plot

In{Pump

1| -3.675565348 -0.116666048

2] -3.281308311 0.392830007

3| -2.652079206 0.243141663 2
4| -1.764580694 -0.311861512

5| -1.723226935 -0.096041495

b6| -1.627026269 0.019171607 1
7] -1.381427688 -0.045669296

8| -1.244766238 -0.023450572

9] -1.069765912 -0.055879599 _‘ o
10| -0.875971328 -0.119645032 5 4
11| -0.681965939 -0.193484736 -4
12| -0.671433653 -0.091729943 e -1
13 -0.6631243 0.005893088 E
14| -0.623813555 0.067368429 =
15| -0.419638231 -0.040178781 = -2
16| -0.415105404 0.048592483 =
17| -0.387917599 0.112111921 =
18| -0.262504778 0.075466587 £ -3
19| 0.067190866 -0.166783714

20 0.085536878 -0.098400205

21| 0.157817262 -0.083842633 -l
22 0.210199374 -0.049201895

23| 0.275040853 -0.025461922

24| 0.467137991 -0.12668258 -5
25| 0.576417156 -0.141587202

26 0.65983788 -0.125486147

27| 0.664597994 -0.023141353

28 0.73741138 0.022681613

29 0.748011951 0.149526499

30 0.79885044 0.271423978

0.808930391

0.526986792



PHONGSRICK TCI UNSCHEDULED C-130H 2015-2020 (ASSIGNMENT)V1 FOR WORKSHOP.xlsx
PHONGSRICK TCI UNSCHEDULED C-130H 2015-2020 (ASSIGNMENT)V1 FOR WORKSHOP.xlsx
PHONGSRICK TCI UNSCHEDULED C-130H 2015-2020 (ASSIGNMENT)V1 FOR WORKSHOP.xlsx
PHONGSRICK TCI UNSCHEDULED C-130H 2015-2020 (ASSIGNMENT)V1 FOR WORKSHOP.xlsx

ISHNATIBD I TA
Directorate Of Aeronautical Engineering

ACTUAL RELIABILITY DESIGHM RELIABILITY {or Shape Parameter) = 1214831 TBOD

ACTUAL R=e~ - {ts o)~ B R{t)=enr-{HA =t) {or Characteristic Life) = 2056 222 Failure Rate {(AJ)

L0000 1. 00000

L5360 Le0T3

095 25504

Bo5EQ 22312

ESL5014d BOLES

BB6RZ2

S00 - ES5zla

1000

1200

1400

1626

C-130H Pump Housing Design VS Actual Reliability

181653 S0000

ZO00 A5882

2200 AlaesT

2400 BTB23

2456 22 Serss

2600 34248

Z2s00 20959

000 2T945

3200 25183

3400 Zzaesd

3600 20370

RELIABILITY R ()

3800 Adszsa

4o00 le392

az00 14s8TE

4400 AE129 A4147s

aa00 11730 28R

4s00 1o0dses 28289

nn o annn
1500 2000

5000 09334 Z6T88

5z00 Ls314a 25345

5400 LOTses 33960

5600 O&e57T Bz2628

i ACTUAL e DES SN

5800 L5542 31349
a8

&000 05185 30119
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-y = i —

Beta {or Shape Parameter) = 12148312 MEDIAMN = OL = {(LMN{Z} ™ { 17 ﬁ ) FAILURE RELIABILITY

Alpha {or Characteristic Life) — 7456 2222 181653 000000 1.00000 C-130H Pump Housing Reliability Calculator

004640 0985360

005 095

10441 B9559

0.15 B5014

a00 G 83489

s00 22582

1000 28513

1z00 24z21

RELIABILITY

1400 29658

1626 45439

1816.53 50000 50000

181653 S0000 S0000

ZZ200 58303 A1aesT

1000 1500 2000 2500 3000 3500 4000 4500 5000
HOURS

2400 6 STE23

2458 22 u 2E6TEE

2600 = 34248

Z500 K= 20959

C-130H Pump Housing Reliability Calculator
3000 . ZTe43

200 . 25183
3400 5 22664 Beta (or Shape Parameter) =
Aa00 £ ZO037T0

3800 _ ¢ 1mzsa Alpha (or Characteristic Life) = | 2456.222

Falaluln] . AB392

4zZ00 BL3Z22 14s7TE

4400 BesT1 A3129

RELIABILITY

aa00 8BB27T0 11730

as00 89531 10469

S000 S0ess 09334

5zZ00 S1la86

5400 SZ2e02

5500 93423

1000 1500 2000 2500 3000 3500 4000 4500 5000
HOURS

5800 94158

a&000 84515
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24/ 11.3 PDF (Population Density Function) Director:

PDF: POPULATION DENSITY FUNCTION: f ( t )

BREL (i) (B tin ity Braen (rae )i

1000

0.000281084

0.000291497

1500

0.000256849

2000

0.00021713

2456.22

0.000181951

3000

0.000144271

3500

0.000114689

4000

9.00272E-05

4500

6.99116E-05

5000

5.37826E-05

5500

4.10304E-05

6000

3.10669E-05

1SN TSI TE

ate Of Aeronautical Engineering

C-130H Pump Housing PDF f(t)

PDF (Maximum) = 500 FH
At 500 FH, Most Pump Housing failed

Uy SaUY UL JoUY UL

HOURS
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ﬂ?ﬂ%’7€ﬁ77f77ﬂ
11.4 CDF Cumulative Distribution Function) Directorate Of Aeronautical Engineering

CDF: CUMULATIVE DISTRIBUTION FUNCTION: F ( t )

CDR:F(t)=1-(er-(t/a)rB)) C-130H Pump Housing CDF F(t)

0.054743387

1000 0.285129478

1500 0.422648349

CDF (63.2) = 2,456.22 FH
At 2,456.22 FH, Pump H. failed = 63.2 %

2000 0.541180156

2456.22 0.632120559

3000 0.720571205

3500 0.785102573

4000 0.836082211 \ 4

1;-\.;-“-\. 1—an e a'e’ L l=tats e O
(R R

JUU AUV LU DU JoUY SUUU

4500 0.875888378
HOURS

5000 0.906658483

5500 0.930233621

6000 0.948153315
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C-130H TCI Early Removal
(2015 - 2020)




SH2APE PARAMIETER CHARASAAC TERISTIC LIFE DEL T

- PART RNAME P Tl T B
[4 55 [C=5] [Fa ]

a1 FUEL <CCoRNTRCL UNNIT AADND T i—-22 S, 000 FH D353 1,055 a0 —L Sl L
= P s W) 811 1s-1-—7F 1250 ~AFPH [ i W =1 =N SN = —-85=
= INWVERTER., 2500 MW, MAMGSEZ SO0 S, S00 FH D15 1. O0O687F. 568 5. 232
La WwWeALNWE RELIEF HYD . UITILIT SAaeZ2T o -1 2T 108 PACY O A5 S0 T —=2T
=3 FPUMP, HYyY . ERNG. DRIWVER [aY 10 b L=E ol S, O00 FH Lo s By 2 DS A e ==
[=3 FUOUEL NO=Z71L E S80IPae 13 500 FH O A STV .80 e o
w WAL WE, T, COoNTRCOCL RO 32-4a S, 000 FH L& s =) 1,121 .1 & -l B5 9
= WAL WE, STARTER COMNMTIRCL S8 ET S—as T2 N L& s =) el P By -52
> PUMRAP, AU HY D PMPEW 330322 = LV T ) O 50 S S50 -
1O PUMMP.SLICTICOON UTILITT Y ZT1LOO 1 aAA pPACTY O 51 10455 -2
11 Oy SERN BCOT TLE =R L T oy Lo IV L) O 52 51.2s —=
1= WALYWE, NLG.STEERIMNG Bra531-5 T2 M O 57 2519 —=7
1= COORDINATOR ASS™ . ST Aar1 5 S, OO0 FH O 59 2,221 1 .21 —-S.7raw
i I 8 WAL WE, SOLERMNCOIED SHIULITTCORFRFE HY D p= N e 1O8 MY DD Za8. 52 -7
15 Wl WE, FIREWYWALL SHUT ORFRF A0 s B 1 s = LV T ) O .0 2270 —
1 s CYwL . NLG.STEERINMNG RHL S5 56568—1 1 ODE MV O .0 g3 DD —S el
17 AU TUATOR, ELEW AT OR T RIRRGD (o -Ye] Z2ae.28 —eL s
1= ST LIATOR, AlLERCR TRIRGA OG5> B O —-=35
1< BOOSTER ASSY., AlLERCH L I 1 OS. A3 = =1
2 WeALWE HOUSING ASS™ L I L= = s Br S — L DD S
=Z1 WAL WE, DULAL LEWEL COMMT  RCHL O.ae5 ZEa. a1l -115
=22 AT TOR, RUDDER TR D .8 B2aA.T5 - 37
=23 WAl WwE BLEED AR REGUILATOR D a8 2031 -52
pgta PU MNP, MAAIN T ANEK BOOST [ I A3 52 —S L
Z 5 WAL WE, COLITT FLOWW 1021500131 1 aAA P L I ey (S0 e B — 5= A
2 BOOS TER ASSYW.ELEWASATOR STAAS 1 -5 1 aAA PAT L I ] 57F.OZ=2 - 37
=27 A CULNPALTL AT R, HY D Os8-84a422-O0O1 1 o It s By A, T Lo TZ2.85 -7 1
=z8 WAL NWE, FUEL SHUUTCOCORFFE 1 -1MNCH sl seB1las 7 b s s By LA o DT & (=S B =1
=2 Wl WE, SHULTOFF & FLLOWY COoNTRCL BEoaez0s8-2—-1 Ju I s Sy L T ] O. 81 TEaE.O7F —5 &
2O SPHERE ASSYw, FIRE EXTINGUIISH BSBO0O0O0530-1 S0 P 0S8 55 97 —1
=21 WAL NWE, DUIAL BRAKE CORNMTROL 234103 T2 M O.88 2056 -2 =
=2 PUMPEP, FUEL EMNG. DRIWER D249 - O5a4 0O S2a 00 FH Lo L= e ] o653 13 N
323 SEARBO, FLAFR DRIVE CFOEaa -1 .2 1 aAA PAT A.O= SS3 .0 -5
=T PROFPELLER ASS™ 5a4HHsaeO0O-1 177 5,000 FH 1.15 2,255 a9 A =
=5 PUMNPFP HOUSING AS S TEIEZasT2-2 5,000 FH 1.271 Z2 a5 22 - 2.5
Be STRUT, FMLG. OL EC» 303591 - 1O8 MY q1 .2 81 . a3 —=2TF
=27 SEMRERSTT CoR, AT . A DWW ZaBass-9oB S.,.000 FH 1.=Z5 L S Moo= i s —S. 880
=258 ErGINE, TURBOPROR TEs-A-1 5L FE 2,000 FH (H=I1) 1.2<9 Z2,.5T7V5.10 —A > 5
SR CONTROL BO>, ANTI-SKID AZ ] O S, 300 FH 1.45 1,439, 71 — 1. =215
CLT SEAR BO, AU AL EXTERSICOMN S3a43M 1 T2 A 1.4 TO.ET -1
s B Oy SER REGUIL AT OR ZOZ2TVTO-1O0OM8 1 = LV T ) 1.5 AS TS -2
L B SEARBO, WWING FL AR S445 M1 S, 450 FH 1.89 B,ATS.T5 5,97
L B STARTER., APUL EaeO58512-18-1 1. 250 ~APH 1.1 505.53 — 7 el
Lo WAL WE, BRERAKE ANTI-SEID 29075 T2 MO = ele] 5051 —=Z1
La BLSY WAL NWE, DUMRMEPE SHULTORFRRF AN TBLOSZSD 1 aAA P - 1 OS50 —=7
La Y BAaALL SCREWY ASS™Y™., AL SAZOMNS T2 A 2.3 57F.11 —-15
L Bary STRUT, MLG. OLECOD RH AFT &HAa B2E31aa93 -1 1O8 MY 2T TS LD -2
A SEARBOR, WWING FLAF COUT B ABAAESTS S, A50 FH 1278 32,597 .S d -, 522
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6. %@ﬁ?ﬂ (Summary)




ATHAIIB I T

4.1 Weibull 1Jun15A U701 Characteristic Life (O) ¥99lAS985149 9., 1AT098UA
LaTUIAMA MNAN15T1FALUUEN (Random Failure) dUseloviaenede sz

Tismsudedneuzvainisgnga (B Shape Parameter) 3140 Infant
Mortality 30LUu Normal Wear Out %1l#ns1u@n Burn-In Period waznsiu

91g1¥91unas Burn-In 3luwinle

a <

4.2 nsquiwudndu Infant Mortality aglddunianmgilu Root Cause L¥U AMAN

9
1%

1 1 o/ = 1 <
YBILNaaN, AnNINYasdIaanlYlun1sgeu Wumu
4.3 Jupaulunisantiunisligeeindudoustnanng Na1AYABIzABINAaRIRNURUR
Uae ¢ FsazinAnutuig wazdunisensesaudaninuainisavesitledenlu

N1SATUIUANNNABHAIUYBNBLANI9IAINTIU (Reliability Engineering)




D [ DYDY Y (Y
FIadNd INBIITI 11

1. “USAF Weibull Analysis Handbook”, AFWAL-TR-83-2079,
1983.

2. “The New Weibull Handbook”, Bob Abernethy,
5th Edition.

3. “A Statistical Distribution function of Wide Applicability”,
Waloddi Weibull, J. Appl. Mech, 18:293-297, 1951.

4, www.lifetime-reliability.com

5. https://quality-one.com/weibull/



http://www.lifetime-reliability.com/
https://quality-one.com/weibull/
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7. WORKSHOP (EXERCISE)

The workshop results must be shown in EXCEL FILES as following SLIDES

Total early removals

Total early removals used for regression

DATA SORTING BY FAILED FREQUENCY

DATA SORTING BY BETA B

DATA PREPARING FOR REGRESSION SPREADSHEET
REGRESSION SPREADSHEET (Ol & [3 )

Design VS Actual Reliability Graph

Reliability Calculator Graph

PDF ( Population Density Function ) Graph

CDF ( Cumulative Distribution Function ) Graph

v o N o ks W N

—_
©
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A
FIaNZ INEI ITI 1/

WORKSHOP EXAMPLE

F-16A/B ADF (SQUADRON 102)




FREQUENCY

REMOWVAL)

(EARLY

PART MAME

P/

TBO

ASHNA TSI TA
Directorate Of Aeronautical Engineering

SHAPE PARAMETER ([B)

CHARACTERISTIC LIFE (L)

DELTA (A)

COLLING TURBINE OIL WICK AND RETAINER

T52003-7

200 HRS.

09186

1097018

-90.2582

WATER SEPERATER COALESCER

400 HRS

HYDRAULIC FILTER ELEMENT PRESSURE

e
o L

529F-221

200 HRS.

34789

128.7028

-71.2972

I START FUEL NOZZLE

27910-9

400 STARTS

74839

2606995

-13%.3005

HYDRAULIC FILTER

[
]
[wa)

LA

1454909

-54 5091

ADG CIL FILTER

ACOTBOF-15Y6

400 HRS

{0 T T T I Y T T [ Y

e e Syl e i

o o s i - el ] e

P ] ol s e

U e o e o o e —] -

HYDRAULIC PUMP SYSTEM B

3000 HRS.

MAIN GEN CIL FILTER AS5EMBLY

T2 M

x 2. e 5 . 2.8 ar
HILHWHEINTTNEH W TIFEUUNTTABHNAITIIATINIFARITI ?ﬁuﬁqﬂﬂﬂaﬂﬂﬂﬂ (382 b4

b

JF5 FUEL PUMP FILTER

500 HRS.

s
MUHHIATFIHRAINA
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TCI UNSCHEDULED F16-A(ADF) 2015-2020 SHEET CODE

Part_MNurmber | Descripticn Serial_MNurnks — Position | [ RTAF Mok~ Install Date _ Interwal ~ TSSO | o te

521750-11-1 EMERGENCY POWER UNIT UM enwy as aes 59 A0DO0 HAS. 3,38a.50 EPU OIL %ju

=a4.70 EFU OIL FERTILIZE AFTER L/T

N

581750-11-1 EMERGEMNCY POWWER UIRNIT LI O assas ZO-Apr-59 4000 HRS

S66172-04 HYDRAULIC PUMP SYSTEM B U RA RPNV aA5/a5 10-Juil-51 3000 HRS. 1.88a4.40 [HEM FLOCS CHECK HYD SYSTEM B DROP T0 2300 PSIAND HORIZOTALARUDDER SERVO ILLURMINAT

Tsa5a476 PAIN GEMN OIL FILTER ASSEMBLY (V7N az/as ZB Sep-58 T2 M 33.00 MAIN GEMNERATOR DROP OFFLINE ~ EPU FIRE

agizi-1 JFS FUEL PURF FILTER aAs/As 21 -MNow-55 SE00 HRS. a3a4.00 JFS FILTER POP OUT

20060037 PMLEG TEMNSION STURT LH s8/a5 1-Mar-55 T2 M 7z2.00 LH MLG LEAK

2O00S003-7 MLG TENSION STURT LH az a5 ZO—Jul-59 72 M as5.00 Arsc WBoading

TEZOO3-7 SLLING TURBINE OIL WICK AMND RETAINE zo a5 Z2-Feb-59 200 HRS 185.80 EQUIP HOT CAUTIONS LIGHT ILLUMINATE IN FLIGHT

7T52003-7 DLLING TURBINE OIL WICK AMND RETAINE 5z2/a6 Za-Mar-59 200 HRS. 17s.40 CABIN PRESS FAIL

WiN[r[N]R e[

T52Z003-7 DLLING TURBINE ©IL WICK AMND RE TAINE aosas Z8-Feb-60 Z00 HRS. 134.30 [S LOW AIR FLOW AND EQUIF HOT CAUTEOMS LIGHT ILLUPMMIPATE WHER TUIRM ©OMN RO

T52O03-7 OLLING TURBINE OIL WICK AMND RETAINE 51/a6 2o Jun-60 200 HRS. TO.60 EQUIP HOT SHOW

A

w

752003-7 SLLING TURBINE OIL WICK AND RETA A/ AS B pAnr-S0 ZO0 HRS
- R g RS — e

7T52003-7 SLLING TURBINE OIL WICK AND RETAINE ABSAS 15-Dec-59 200 HRS.

10180 AUAS INOPERATIVE AFTER ENGINE START ARND QEUIP HOT CAUTIONS LIGHT ILLUIRAIR
- _—

o

201.90 [N ALT. ERROR 5000 FT. WHEN NORMAL AT ALT 30000 FT. MSL SHOW 14

752003-7 SLLING TURBINE ©IL WIC K AND [RE A aa/ae 18-Jun-61 200 HRS. 22.70 EQUIFP HOT SHOBV WIHEN TAXI AND ECS LOW AIR FLOW

u-uluuuuuupupuuu

T52003-7 OLLING TURBINE OIL WICK AMND RETAINE aasas 27 May-62 200 HRS. za.ao EQUIF HOT cAUTIONS LIGHT SHOW AND ECS MNOT OPERATION

-62

752003-7 FLLING TURBINE OIL WICK AMND RETAINE < -1 TER L/D ECS LOW AIR FLOW & EQUIP HOT CAUTIONS LIGHT ILLUAMINA
A A ECQIiP HOT SHOW AFTER L/D

7T52003-7 DLLING TURBINE OIL WICK AND RETAINE

7520037 SLLING TURBINE OIL WICK AMND RETAINE ECQURE HOT SHOW AFTER START

7520037 OLLING TURBINE OIL WICK AND [RETAINE 3 PUIP HOT ILLUMINATE 1M FLIGHT AND ECSHOT AIR FLOW 1IN ALITO COxC

AC-B529F-221 HYDRAULIC FILTER ELEMENT PRESSURE 4 HYD FILTHR SYSTEM A POP OUT AFTER L/D
AC-52SF-221 HYDRAULIC FILTER EI_EMENT.PRISSUHE i N/ HYD FILTHR SYSTEM A POP OUT AFTER L/D
AC-529F-221 HYDRAULIC FILTER ELEMENT . PRESSURE ‘ - HY D I_E|~I< vignadtin PRESSURE FILTER

AC-5ZPF-221 HYDRAULIC FILTER ELEMENT.F'F!ISSUFIE - HYD FlLTEi:l SYSTEM A POP OUT AFTER L/

AC-5ZOF-221 HYDRAULIC FILTER ELEMENT.PRESSUIRE Z5-Jul-61 HY D Fll_'rERlsvs'rEM A POP OUT AFTER START
AC-529F-221 HYDRAULIC FILTER ELEMENT.PRESSURE 11-Feb-51 115.00 HYD FILTEREYSTEM A POP OUT AFTER START
AC-529F-6Y1 HYDRAULIC FILTER ELEMENT,CA BO-NoW-59 126.00 B = FiLTER POP cuT

1
=
=
a
5
=

"

AC-5ZDF-6Y1 HYyDRAULIC FILTER ELEMENT,.CASEP - — CSD FILTER POP OUT

WiN

AC-BZIF-6Y1 HYDRAULIC FILTER ELEMENT,CASE DRAIN JFS FILTER POP OUT

AC-52SF-5Y 1 HYDRAULIC FILTER ELEMENT.CASE DRAIN = JFS FILTER POP OUT
ACSOOF-A4257 1 SERVO AIR FILTER ELEMENT ECS FILTER POP OUT

ACPOOF-AZ57 1 SERWVO AIR FILTER ELEMEMNT ECS FILTER POFP OUT

ACDOOF-AZ5T7 1 SERWVO AIR FILTER ELEMENT ECS FILTER POP OUT

TASAS51-5 VWATER SEPERATER COALESCER ECS HAS A LOT OF WATER
FTAGA51-5 WATER SEPERATER COALESCER 2Z-Jun-59 =00 EQUIFP HOT CAUTION LIGHT SHOW SOMTIME

FTAGA51-5 WVWATER SEFERATER COALESCER 17 Jun-58 z2z7.40 T lussuu ECs wes

FTAGAS51-5 WVWATER SEFERATER COALESCER T-Sep-59 0.70 M lus=uu ECS was

7aA6451-5 WVWATER SEFERATER COALESCER 1 Jun-58 212.40 PUIPF HOT CAUTION LIGHT ILLUMMINATE 1 TIME BEFORE L/D FOR 10 AMINLUY

Fasas1-5 WVWATER SEFERATER COALESCER Za-Mar-s0 1.50 M luss=uy ECS was was Sdesdaunn CoOCKPIT

TASAS51-5 VVATER SEFERATER COALESCER S5-Mar-57 z09.20 Ecs fhfweslod sondeudhannn

581995-1 EPU OIL FILTER 16-Jun-59 286.00 EPU OIL g

sa1995 1 EFPU OIL FILTER 10 Jun-s0 sza.00 EPU oIl Tu

ACDTROF-15Y6 ADG OIL FILTER BO-Mow-58 331.60 GAB OIL ADG LOXOSIMNG OWVER LIMITS

1| v|0|0(2|z(z|z|z|z|z|Z8(S|8|r|r|r|r A[A|A|R|A|A

N{r N (B[S B0 R @ NN R

ACSTEOF-15Y6 ADG OIL FILTER 15-Daec-59 254.80 DELTA P POP OUT

7

ACSTSOF-15Y6 ADG OIL FILTER S5-Mow-50 226.50 DELTA P POP OUT

W




1SN TSI TE

TCI UNSCHEDULED F16-A(ADF) 2015-2020 102SQDN SHEET CODE

Part_MNumber = Description ~| Serial_MNumbe . Position | .| RTAF Numbe . Install Date | . Interval | T TS50 [~ Note

T52003-7 COLLING TURBIME OIL WICK AND RETAINER NAA 39/45 Z-nwn.-59 200 HRS. 185.80 QUIP HOT CAUTIONS LIGHT ILLUMINATE IN FLIGHT

T52003-7 COLLING TURBIME OIL WICK AND RETAINER NAA 52/46 28-11.A-59 200 HRS. 76.40 CABIMN PRESS FAIL

T52003-7 COLLING TURBINE QIL WICK AND RETAINER N 40/45 28-nw-60 200 HRS. 13430 C AlR FLOW AN IIP HOT CAUTIONS LIGHT ILLLIRING

T52003-7 COLLING TURBINE OIL AMND RETAINER N/A 51/46 29 18 -60 200 HRS. TO.60 EQUIP HOT SHOW

752003-7 COLLING TURBINE OIL WICK AND RETAINER N/A 45/46 8-11A-60 200 HRS. 101.80 \ OPERATIVE AFTER ENGINE START AND QELIP HOT CAUTIONS LIGHT ILLUMINATH

T52003-7 COLLING TURBINE OIL WICK AND RETAINER M/ 4s8/46 15-a.A-59 200 HRS. 20190 CABIN ALT. ERROR 5000 FT. THEMN MNORMAL AT ALT 30000 FT. MSL SHOW 14000

T52003-7 COLLING TURBINE OIL WICK AND RETAINER N/ 46/46 18-1ie-61 200 HRS. 3270 EQUIP HOT SHOW WHEN TAXI| AND ECS LOW AIR FLOW

752003-7 COLLING TURBINE OIL WICK AND RETAINER N/A aa,45 27-WA-62 200 HRS. : EQUIP HOT CAUTIONS LIGHT SHOW AND ECS NOT OPERATION
752003-7 COLLING TURBINE OIL WICK AND RET Nl [y i . — =y VY & EQUIP HOT CAUTIONS LIGHT ILLUMINATE
752003-7 COLLING TURBINE OIL WICK AND RET&INER ! 200 HRS. . eop HOT sHow AFTER L/D

T52003-T COLLING TURBINE OIL WICK ANC PI:_lINEP 200 HRS. EQU I HOT SHOW AFTER START

T52003-7 COLLING TURBINE OIL WICK ANC RI:_IINEI‘« & m “— E@POIPY HOT ILLUBAINATE INGFLIGHT AND ECSHOT AIR FLOW IN AUTO COOL

27910-9 START FUEL NOZZLE I ﬂ 1 F; JFR START 2 FAIL 2 TIMES

27910-9 START FUEL NOZZLE A JF START 2 FAIL 2 TIMES

27910-9 START FUEL NOZZLE = A JF@ START 2 FAIL 2 TIMES

27910-9 START FUEL MOZZLE I 15-11.A-60 400 STARTS JFg START 2 FAIL 2 TIMES

AC-529F-221 HYDRAULIC FILTER ELEMEN‘F,F‘RESSLIRE 22-un-59 200 HRS. A HYD FILTER SYSTEM A POP OUT AFTER L/D

AC-529F-221 HYDRAULIC FILTER ELEMEMNT PRESS! 13-w.A-59 200 HRS. X HYD FILTEHISYSTEM A POP OUT AFTER L/D

AC-529F-221 HYDRAULIC FILTER ELEMENT PRESS! - Q0 HRS. _ HYD LE* vi@wawdin PRESSURE FILTER

AC-529F-221 HYDRAULIC FILTER ELEMENT PRESSIS i 4 D FILTERSYSTEM A POP OUT AFTER L/D

AC-529F-221 HYDRAULIC FILTER ELEMEN‘I’,PRESSLIRE ﬂ " i K FILTER STEM A POP OUT AFTER START

AC-529F-221 HYDRAULIC FILTER ELEMEN‘F,F‘RESSIIRE L . FILTER STEM A POP OUT AFTER START

AC-529F-6Y1 HYDRAULIC FILTER ELEMEMNT, CASE DgAIN 30-W.El -59 200 HRS. 126.00 IFS FILTER POP OUT

AC-529F-6Y1 HYDRALULIC FILTER ELEMEMT, CASE DEAIN Z28-.8 -58 200 HRS. 152.00 ISD FILTER POP OUT
JJF5 FILTER POP OUT

AC-529F-6 1 HYDRAULIC FILTER ELEMENT CASE DRAIN 25-Tie 60 200 HRS. 15500
- N N ——

AC-529F-6Y1 HYDRALLIC FILTER ELEMEMNT CASE DRAIN Z3-mA-61 Z00 HRS. 104.00 JFS FILTER POP OUT

ACI00F-A25T1 SERVO AIR FILTER ELEMENT 29-n.8 -60 800 HRS 680.00 ECS FILTER POP OUT

ACS00F-A42571 SERVO AIR FILTER ELEMENT 9 3ie-61 800 HRS 584.00 ECS FILTER POP OUT

ACS00F-A42571 SERVO AIR FILTER ELEMENT 2262 800 HRS 627.00 ECS FILTER POP OUT

T46451-5 WATER SEPERATER COALESCER 25-5.A-55 400 HRS 300.00 ECS HAS A LOT OF WATER

T46451-5 WATER SEPERATER COALESCER 22 3i8-59 400 HRS 9.00 EQUIFP HOT CAUTION LIGHT SHOW SOMTIME

Ta6451-5 WATER SEPERATER COALESCER 17-11.6-58 400 HRS 227.40 ﬁf’ﬂui::uu ECS waz

F=S VI I T T VO N T = VO OIS T ISR O S = (R ST S S R

Ta6451-5 WATER SEPERATER COALESCER T-n.8.-59 a00 HRS 0.70 QS’;LLIT::‘LIU ECS waz

TA6451-5 WATER SEPERATER COALESCER 1-3i0.-58 400 HRS 21240 EQUIP HOT CAUTION LIGHT ILLUMINATE 1 TIME BEFORE L/D FOR 10 MINUTE

%]

T46451-5 WATER SEPERATER COALESCER 28-3R -60 400 HRS 150 Thinlussuu ECS waz uas Diduedaunn COCKPT

746451-5 WATER SEPERATER COALESCER 53A-57 400 HRS 20920 ECS fhiquaslorin sandeudiann

ACOTBOF-15Y6 ADG OIL FILTER 30-w.el -58 400 HRS 2, 331.60 GAB OlL ADG LOOSIMNG OVER LIMITS
1

ACOTBOF-15Y6 ADG CIL FILTER 5-5.A-59 400 HRS : 25480 DELTA P POP OUT

vio|v|(z|Zz|Z|Z|Z|(Z|(Z[S|S|S|r|r|r(r[A|A|A|A|ZA|(ZESEES T | T |I (T | T |T|T|(Z|Z(T|(T(x

WK [ =~ o

ACOTBOF-15Y6 ADG CIL FILTER 5-wi.e -60 400 HRS : 22650 DELTA P POP OUT

TnUaaanuuaziflunIasgIREInga
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Directorate Of Aeronautical Engineering

CHARACTERISTIC LIFE (L)

12

COLLING TURBINE OIL WICK AND RETAINER

200 HR5.

0.9186

109.7018 -90.2982

-
I

WATER SEPERATER COALESCER

400 HRS

(=3

HYDRAULIC FILTER ELEMEMT PRESSIIRE

200 HRS.

START FUEL NOZZLE

27910-%

400 STARTS

260.6995 -139.3005

HYDRAULIC FILTER ELEMENT, CASE DRAIN

AC-529F-6Y1

200 HRS.

SERVC AIR FILTER ELEMENT

ACRODF-A257

800D HRS

[T I s =

EFL) OIL FILTER

581995-1

400 HRS

EMERGENCY POWER UNIT

581750-11-1

4000 HRES.

MLG TEMSION 5TURT LH

2006003-7

72 M

ADG OIL FILTER

ACHTBOF-15Y6

400 HR5

[ T I % T I L T e

JET FUEL START ASSEMBLY

160001-1100A

1750 STARTS

HYDRAULIC PUMP 5YSTEM B

66172-04

3000 HRS.

MAIN GEN CIL FILTER ASSEMBLY

7585476

72 M

JF5 FUEL PUMP FILTER

49131-1

600 HRS.

2. ar . . 2. 3 as G2,
JEHBATTUNECHHETIFTETULUNTITABHAIIIBTINIFAEITH ?‘Vi&l AfTNLUaaansILaztilLN 6’!‘5§’1‘uﬂ’1ﬂﬂ
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4. SORTING BY BETA B

|
PART NAME TBO SHAPE PARAMETER iﬁ}': CHARACTERISTIC LIFE (QL)| DELTA (A)

COLLIMNG TURBIMNE CIL W AMD RETAIMER

EFLI CIL FILTER




ISHNATIBD I TA
Directorate Of Aeronautical Engineering

COLLING TURBINE OIL WICK AND RETAINER FAILED HOURS [ MEDIAN RAMK 1 /{1 - MEDIAN RANK) (n{ln{1/(1-MEDIAN RANK)Y 1 In{Colling Turbine Qil Wick and Retainer Failed Hours)

L3 -

520

0056452

1.05982906

-2.805058285

1648658626

10.10

0137097

1.158878

-1914247621

2312535424

2840

0217742

1278350515

-1404170849

3346389145

3270

0298387

1425287356

-1.037403987

3487375078

5630

0379032

161038961

-0.741337623

4030694535

T0.60

0459877

1850746269

-0.485175833

4257030144

101.80

0540323

2175438596

-0.25201857

0623010104

13430

06205968

2638297872

-0.03032111

4500076104

17130

0701813

3351351351

0190094315

5143416405

76.40

0782258

4 592592553

0421630212

5172754144

18580

0.862503

7294117647

0686600257

5224670826

20180

2. ars . . 2. 3 as G2,
JEHBATTUNECHHETIFTETULUNTITABHAIIIBTINIFAEITH ?‘PIN AfTNLUaaansILaztilLN G'I‘ig"l‘uﬂ"lﬂﬂ

0543548

17.7142857

1.055834013

5307772525




SUMMARY OUTPUT

Regression Statistics

Multiple R

Adjusted R Square
Standard Error
Observations

0.980332668

0.957157354
0.2342756285
12

AMNOWVA

55

)

F

Sigriificance -

Regression
Residual
Total

1
10
11

13.54315999

0.548853779 0.054885378

14.09201377

13.54315999

246.7535165

2.24227E-08

ASHNAINB T TA
Directorate Of Aeronautical Engineering

IN{Colling Turbine Qil Wick Failed HRS) Line Fit plot

-

S== ==t
'/'

=]

—t— Fredicted v

//
——

Ln{Calling Turbine Oil Wick Failed Hours)

i
8]

L

Il {1/{1-MEDLAN RANK)])

Coelficents

Standard Error

t Stat

P-value

Lower 9595

Upper 8592 | [Lower 95.0% Upper 95.0%

Intercept
X Variable 1

-4.315571446
0.918643394

0.250321009
0.058481066

-17.24014881
15.70839

9.1161E-09

-4.873321411

2.24227E-08 0.788339458

-3.75782148 -4.873321411 -3.75782148
1.048947329 0.788339458 1.048947329

Beta {(or Shape Parameter) =

Alpha {or Characteristic Life)

RESIDUAL OUTPUT

0.918643394

Observation

Predicted ¥V

Residusls

DSOS WK

el
=0

-2.80104209
-2.191176055
-1.241433164
-1.111917368
-0.612800538
-0.404878826
-0.068673754

0.185851096
0.409394057
0.436344977
0.484037894
0.560378721

-0.044116194
0.276928434
-0.162737685
0.074513381
-0.128537085
-0.080297007
-0.183344825
-0.216172206
-0.219299742
-0.014714764
0.202622403
0.495455292

RadAnsAsivnIsRaIRIsTUunIsdanasasatnsael Wislasndasaduuanifiuninsgieaina




ACTUAL RELIABILITY

DESIGN RELIABILITY

Beta (or Shape Parameter) =

0918643

FISHNATIBD I T

Directorate Of Aeronautical Engineering

TBO

S e ——— .~ _—.q-

200

ACTUMLR=e A -{(t/ 0L A B)

Rit)=eA-(A=t)

Alpha {or Characteristic Life) =

1097018

Failure Rate ()

0.005

1.00000

1.00000

0.95339

0.98020

7. Design VS Actual Reliability

054309

097531

089515

095123

085150

092774

081108

0.50484

077335

0.88250

073794

086071

070460

063546

067313

081873

0.64336

0.79852

061516

077880

058841

075857

056301

0. rdosz

0.53887

072253

0.515%0

0.T0de%

0.50000

0.69208

0.49403

068729

RELIABILITY R [t ]

047321

067032

045336

065377

0434435

063763

041637

062189

0.z9914

0.60653

038268

059156

0.36788

0.57782

035194

056270

F-164/B ADF Colling Turbine Qil Wick Design V5 Actual Reliability

0 90 100 110 120 130 140 150 160 170 1BO 190 200 210

HOURS

—p ACTILIAL RELI =i DESIGM REL

033759

054881

032387

053526

031075

052205

029819

|

050916

- 2. ar 5 . 2. =3 as 3,
HILHW WA TTNECHHWTIFTETULUNTITUABHAITIIATINIFAEITH ?ﬁ&l ATHLUasaansILaz LN mﬁﬁ’l‘uﬂ’iﬂﬂ




FISHNATIBD I T

Directorate Of Aeronautical Engineering
R

Beta (or Shape Parameter) — o.91864 MEDILIAN = O ™ (LMN(Z2) ™~ ( 1.7 B > FAILURE RELIABILITY

Alpha (or Characteristic Life) = 109 . 7O18 T3.61 [aNslslslslsl 1. O0000

W ARIRANTT Y D066 1 0.2925332

005691 D.Sa94309

D.10aA85 089515

.15 0.85150

D 18892 D.821108

0.22665 D.FT7FE35

0.26206 Q. 7T3T794

D29 50 D7 O a 0

D. 326887 D.87313

D.35664 D.ea3356

D S383a849 D.a61516
D.A1159 O.58841

043599 o.5e301 F-16A/B ADF Colling Turbine Oil Wick Reliability Calculator
O.Reae 113 O.53887T

0.48410 0.51520

P EDLAM = 0. 50000 50000

Q :)

0.50597F ASaA0S

D528 79 L D=du §

D596 A5336

olo|o

0.56557 ASaAA5

D.583683 A1 eSS

D.EO0Sa 39914

D.6l732 Z8Z2Ze8

olofoo
RELIABILITY

ALPHA (o) D.e3212 SaeTas

D.SEaA806

o

35194

D.SaseZal EE 759

D.aeTaels 22387

000

D.e8925 1075

0. 7TO181 0.29819

©.r1581 028612 : 0 70 80 90 100110120130 140 150 160 170 180 190 200 210
O.T7TZ2531 O.Z27aAs9
HOURS

D.T7T3ae31 D.26369

D7 aasaa D. 25316

D.T5593 D0.Z24307

o.Tess59 0.233491
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- e Sm—— L —

PDF: POPULATION DENSITY FUNCTION: f( t ) Beta (or Shape Parameter) —

PDFE:-f{(t)=(PrtrI~(t/rax)~B~en-_(tro) By Alpha (or Characteristic Life) = | 109.702

0.01015323

000010808 9. PDF ( Population Density
Function ) GRAPH

0.007800712

0.007304001

0006866983

00058475033

0.006118983

0.0057292611

F-16A/B ADF Colling Turbine Oil Wick PDF f{t)

0.005421431

0.005212065

0004951876

- PDF (Maximum) = 4 FH
At 4 FH Most Colling turbine oil Failed

000470875

0004483095

0.004351012

0.004267T025

0.0040657 34

0.003876023

0003696962

0003527739

0.003367633

0.003216

A
a
=]
L B B N N N N B N |

0.003072262

0.002935897

0 10 20 30 40 50 &0 70 80 90 10011012013014015016017018019%0 200210

HOURS

0.00Z2806431

0002683431

0002566503

0.002455283

0.0023429436

=3 2. ar’ 5 . 2. =3 o’ 3,
IT19Y \'II.‘u‘uﬂ"l‘i‘wm‘u"lﬁz'uuﬂ"l‘i‘ﬂ'ﬂﬂ-l‘ﬁ‘i’l\‘iﬂ’lﬂ’lﬂﬂ"lu Tﬁ&l ATHNLUAaDANILAT Lﬂuuﬁm‘iﬁ’]‘uﬂ’iﬂ@



CDF: CUMULATIVE DISTRIBUTION FUNCTION: F{ t )

Beta (or Shape Parameter) =

FISHNATIBD I T

Directorate Of Aeronautical Engineering
e o

COF: F(t)=1 e~ -(ts, o)~ B »

Alpha (or Characteristic Life) =

10. CDF ( Cumulative Distribution

0.046614981

0.056913299

0. 104853739

Function ) GRAPH

0. 1485042

0.1889203295

0226653112

0262059311

0. 295397773

O.326869317

0. 356636975

F-16A/B ADF Colling Turbine Qil Wick CDF F(t)

0.384837358

0.4115876802

D. 436989939

CDF (63.2) = 109.70 FH = c0®

D0.451134732

urbipe-failed = 63.2 %

0.484102968

0.49T7349698

0.50596739

L

=]

0.52679424%

COFFIt)
=1

0.546644021

0565572221

La

(=]

058363003

[
(=]

O 6008648

O 617320476

0632115014

0 90 100110120130 140150160 170180190200 210

0.633037953

0.648055381

HOURS

D.662408419

D.e7Tel30485
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DAE Mobile Training Team

RANDOM FAILURE
(Weibull’s Distribution)

Workshop

As of 4™ Nov. 2020




