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£ Guided Tou of RELCODE is
documented in the file reltour.doc in
the RELCODE installation folder.

RelCode

Version 8.02

Reliability Data Analyst
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Distributor Information
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Select required
Itern A eference:

Current

Database: C:%Proaram Files'Reliability AnalysishE xercizeS7. mdb

él:hange Databaseé

Import Data

Ewercize 1 - Bearing

Exercize 2 - Hydraulic Systems
Exercize 3 - Sugar Centrifuge Cloth
Exercize 4 - Bus Engines

Exercize & - [nsulator

Exercize B - Maintainability

Export Data

Analpsis Menu

Event Data Entry

Curreticy Symbol I 4

Report Header |

Item Reference |E:<ercise'| - Bearing

Item Dezcription | Eearing heavy duty, forging plant |

Item Memo | |

Failure Policy Replacement Age

Replacement Cost 1000 Humber of
: i Average Utilization [0 III

Cost Year

Distributor Information | Delete ltem | Add Item | ke | Eancel | Close |
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Directories: 0K |
DEMame_txt [t
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reltour. doc
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r|RelCode - [Event Data]

RelCode Item Reference:

| Ewercize 1 - Bearing |

Record Fail ;
Numhber [set " 3NUre Add or Amend Data
by computer] Suspension Age Frequency
- To add a record, click Hew Record, enter the
1 F ‘__j data and click Save [or Cancel]. The Enter key
: can be used to move between hields and buttons.
2 F 12 1
3 F 14 1 Mew Record |
4 F 16 1 - -
[ F 24 1 al l.IlB_ or A F
qe requency
6 S 24 1 Suspenszion [5)
F NE | [1 |
defaultsz to F Weeks defaultz to 1

Record No.

Cancel | Save |

LI To amend a record, select it [click on itz Record
Humber in the list box on left). Correzponding data

will appear in the boxes above. Amend the data,

To delete a record, zelect it [click on itz Record click Save or Cancel.

Mumber in the list box above] and then click on

Delete Record. Data are sorted by age when

you leave this screen.

Delete Record | Print Data | Cloze |
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| RelCode

Item Reference: | Exercize 1 - Bearing

Model Optimization - Fit Distribution

Replacement Analysis

Confidence Limits For Reliability

Previous Analyziz Summary

Dizplay Diztribution Parameters
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Replacement Analysis s Model optimization — Fit distribution
ol s isu ¥y il |5

Confidence limits for Reliability

Previous Analysis Summery
Display Distribution Parameters

IJu.l_.A‘_;._au,:u‘;lﬁ,rubﬁ‘ﬂfﬁ&uuw%@q{;ml&|:‘,.5@‘_}.;&;5
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F|RelCode - [Confidence Limits ]

| RelCode | Confidence Limits for Reliability

Item Reference: | Exercize 1 - Bearing

Population size b Failurezs &
Failure Modified . Lower One Sided Median Upper One Sided
Record  Order 997 95 ani 90: 95 93¢
Mumbsr  Mumber  [Weeks] Rank
1 100 |8 046 [oe61  [oee  [oss foss [oss  [1.00
2 2.00 12 0.29 0.42 0.49 0.73 0.91 0.94 0.97
3 3.00 14 017 0.27 0.33 0.58 0.80 0.85 0.92
4 4.00 16 008 015 0.20 0.42 0.67 0.73 0.83
5 5.00 0.09 0.27 0.51 0.58 0.71

Confidence Limitg for the MTEF | Graph | Save to File | Cloze |
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7| RelCode - [Summary]

| Summary of Results

Item Reference: | Exercize 1 - Bearing |

| Fitted Distribution Parameters

1.17 Shape Parameter [THETA] |I|
Scale Parameter [ET4] 13.28 Fiate Parameter [LaMBDA] |I|
Location Parameter Gamma Mean Life 18.66

Shape Parameter [BETA]

| Goodness of Fit Test
95.34 | # | [Good |

Model Accuracy = |

Hypothesis that distibution fits data iz not rejected.

| Replacement Analysis

Feplacement Policy Selectad

Hepoit to Clipboard

Print Report |

Cloze |

Save Report To File
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I RelCode I Display or Directly Amend Distribution Parameters

| Exerzize 1 - Bearing |

| Weibull Parameters

Shape Parameter [BETA] I 117
Scale Parameter [ETA) |13,28
Location Parameter Gamma I 602 tdean Life 18.66

|Bi-weibull Additional Parameters

Shape Parameter [THETA) I .00
Shape Parameter [LAakBDA] I 0.0000e+0

| Goodness of Fit Test

Confidence Level:

B0 0% 95i 89 -
Critical Walues: Report to Ellphoaldl
ModelAccuracy Test [ 8885 | [ 8759 [ 8621 | 68445 |
Save Report to Filel
Observed Model Accuracy = | 95 04 | # | [Good) |

Print Report |

| Hypathesis that distribution fits data iz not rejected - bazed on Model Accuracy |

Replacement Analysisl Save Parameters | Yiew Graph | [k | Cloze |

Jols eyl cnlsjls sy w55 b jelil pled s ol 5 sdalie DSl azto cpl 5o
D95 oo (BBLL) 5 5,90 oKiws jee Jsb KL s (GAMMA) (ETA) (BETA)

o= 05 3,5 3,151, (LAMBDA) 5 (THETA) sl e,k 5lade G35 j5b & 01y oo omeen
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Item: Exercise 1 - Bearing
93.9
a9
Failures ¥
an |weibull
Probability
20
70 Scale =
—————— - --d--------q---—--—-f---f-k-s=----fF-----q---4--q&z.z
S0
a0
30 =
20
10
=1
2
1
3 Parameter WEIBULL FPlot
[Linear Regression]
.5 Eeta = 1.17 H
Eta =132
Gamma = 608
z Mean Life = 135 |
Accuracy = 9554 £
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| RelCode | Model Optimization

| Euercize 1 - Bearing |

Model Lambda Theta Gamma Eta Beta Belative
Quality
1. weibull 2 Parameter [ 1900 |[ 242 |[ om0 | Use Model

Linear Regression

2 weibull 2 Parameter [ 1924 |[ 288 |[ 108 | Use Model
Max Liklihood

3. Weibull 2 Parameter [ 1338 |[ 2oz |[ oms | Use Model
Max Model Accuracy

4 Weibull 3 Parameter [ gog | 1328 |[ a7 [ 177 ] Use Model
Linear Regression

5. Weibull 3 Parameter | E.02 | | 13.28 | | 117 | | 1.77 | Uze Model
Max Model Accuracy

FEERED

6 Bi-weibull | 0.0000e+0 | | 0.00 | | E.08 | | 13.28 | | 117 | | 0.a0 | Use Model

Max Model Accuracy

The preferred model is Weibull 3 Parameter Linear Regression [4] EED with Preferred Mudelé
Hepornt to Clipboard | Save Heport to File ‘ Print Heport | Close

Ll cilises Jue V43 0868 ‘5Lh]‘b0b\g:lg(weibuu)d\ﬁj BIF s t\;ﬂw&ﬂﬁ
Qﬁm;)bbjb(Beta)g(Eta)}hb\i*de.;} @j_,&'j.b gd}‘ Je dl:.cjjbb.)a‘ ol 03l

4S Sl g g o6 GO With preferred model uds LV Jus 5 .ol sdd eals Ol o>

Gl 0l 63l QLIS 5 JS.& 33
EHB“:DC'E - ['Weibull Parameters]

[ Exercise 1 - Bearing |

Mumber of Failures 5
Humber of Suzpensions 1
_ _ Tatal Failures and Suspensions B
Linear Regression ¥
Age Uit Wieeks

[ Two Parameter WEIBULL Distribution - Fitted Parameters

Shape Parameter [BETA) tMean Life 18.66
Scale Parameter [ETA) 13.28 Characteristic Life 19.36
Mirimurn Life [Gébd bdf) Standard Deviation
| Goodness of Fit Test - Model Accuracy Method
Confidence Lewels 80X 907 5% 994
Criical Waluss: | 8322 | [ 87597 | [ 8653 |[ 8483 |
Observed Model Accuracy = | 95,84 | # [ (Good |

| Hypothesis that distribution fitz data iz not rejected. |

Save Report to File | Report to Clipboard |

Replacement Analysis | Save Parameters | Graphs Menu Print Report |
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| Exercise 1 - Bearing |

MHurnber of Failures [
Mumber of Suspensions 1
) ; Total: Falures and Suspensions [
Linear Regression ;
fuge Unit Wweeks

| Two Parameter WEIBULL Distribution - Fitted Parameters

Shape Parameter [BETA) kean Life 16.84
Scale Parameter [ETA] 19.00 Charactenshc Life 19.00

Standard Deviation

| Goodness of Fit Test - Model Accuracy Method

Confidence Levels 807 a0 95¢ 99:
Citical Values: [ B5.65 || @753 ][ 8621 || 6446 |
Observed Model Sccuracy = | 9369 | # [ (Good) |

| Hypothesziz that distribution fitz data iz nat rejected. |

Save Report to File | Report to Clipboard |

Replacement Analysis | Save Parameters | Graphs Menu Print Report | [Zluse
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Item: Exercize 1 - Bearing

100.0

Sl 0l

Reliability Function

95.0
30.0

.

2 Parameter WEIBULL

85.0

=

[Linear Regression]

20.0

]

Beta = 242 B
Eta = 15.00 |

Mean Life = 16.84

7a.0
0.0

Accuracy = 93697

E5.0

E0.0

55.0
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of Survival
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Item: Exercise 1 - Bearing

939

99

Failures £
g | Weibull

Probability
20

Scale LOY
[ St ey S e B S e s FE Lk ------1E32
2] = l
40 ;?/
30 /@
20
10
5
2
1

2 Parameter WEIBULL Flot
[Linear Regression]
5 Eeta = 242 H
Eta = 19.00
Mean Life = 16.84
2 Accuracy = 9363 # | |
1 -
: 10 100 1000
Age: Meeks)
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Item: Exercize 1 - Bearing

95.0
00 Cumulative /
-~ | Probability
5.0 | of
Failure ¥ /
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.0 / =
0.0 I
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B0.0
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500 /
450
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&0 / Cumulative Digtibution Function
0.0 2 Parameter WEIBULL
251 ,5 [Linear Regression)
' 7 Beta = 242
2Ll Eta = 19.00
15.0 Mean Life = 16.84
10,0 /ﬁ/ Aoouracy = 93697
05.0
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Item: Exercise 1 - Bearing
Probability Density Function |
2 Parameter WEIBULL
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ﬂ RelCode - [Replacement Analysis Menu]
| Exercize 1 - Bearing |
RelCode

I Age Based Replacement Policies Graph of Costs versus Replacement Age

Calculate Cheapest Heplacement Age

Specified Preventive Heplacement Age

Spare Part Requirements - Age Replacement

Block Based Replacement Policies Graph Costs versus Replacement Interval

Cheapezt Block Heplacement Interval

Specified Block Replacement Interval

Spare Part Requirements - Block Policy

Reliability Function, Failure pdf.

Truncated Mean Life, Renewal Fr. Life Distribution Function T abulations
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ﬂﬂeltude - [Life Distribution Function T abulations]

I RelCode Item Reference: |

Distribution: | 2 Parameter WEIBLLL |

Age Uit
Age Increment:

I Distribution Parameters

Exercize 1 - Bearing |

Lambda Theta Gamma Eta Beta Mean Life
| 0.000000 | | 0.0o | | Qoo | | 19.00 | | 242 | | 16.84 |
Age Pluhal?dl:ltgtgznmty Rehability Truncated Mean Life Eﬁ‘g::::;:

| | | -]
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17. 4000 0.050155 0.44561 2 14.099793 0E0E129

17 RAnn N NA9RAN n4a3a113R 14 22E9A2 NnFR*44FRR ;I

Save to File Cloze |

Weibull 235 sl pale (Breaing)oBll o Kaws gl p S oo aa>Ds a5 shailan
el (Jlansl S @u" b jlacie SLL iSu 5o Kl el en) opmedu el)l YU
uid“u &_?‘,S 6\—% 6}\{ DL OK'&.»}JQ.G} (J"‘"’ 4e 4.‘?‘,3' le"m\..dl J‘J-E.d gjo.G &.&L‘y@ cbb.:«b‘

| sl 03

2 o Sl s G (V) Dol S5 o 4 23l oam nl 03 )8 ol sl
o o oK jas dgb b b
23,05 349 Q)fi oo el o
toe e Ol pl s 4 4y I Graph of Costs Versus Replacement Age
SeaS Dbk 5t (gl e (5 e 4 S el RelCOdE L1350 05 55 BIF 0 fage !
sl 0 0313 islad ) JKS 55 4S5 &S o (55l




Item: Exercize 1 - Bearing

UL Replacement Policy Analysis
166,23 | Cost versus Replacement Age
Replacement Cozts:
154 36 Freventive = 100
Failure =1000.
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$ v eeks Feplacement at B.67 Weeks
130,61 Cozt for optimal palicy iz 2R.8493 $ wfeeks
Cozt of Replacement
118.74 Only on Failure 53,3684 £ W eeks
106.86
94.93 \
8312 \
71.24
G N e e e e e e el E VS
i
47.43 \ ]
862 \
e ey
2375
11.87
0.oo 5.00 10.00 15.00 2000 25,00 30,00 35,00

Preventive Replacement Age: [Weeks]
e Jgd S 0 fpme s 95 Sl 53 0oy sl 15 OSU S sla o3l sla an e SIS
(ol gadein S8 55 &S jahilen das o boa ], ang sl 2ol ;b Vb — Conl) Cw 3 0l
Ky ph op eSS 3,8 s R (SR VW Ol 3 ST as el VW g Gl w58 o S
20 B eSS g3 &S Sl e 50 pl b Jeeod Lo s s Y YOAL Hlude 4
o= Ol el 53 a8 Canl 2 e Gl 0l dloes wi Oy cpl (gl axds 55 Y TN s
s BB b a4 b oS g 4R
A ih g Ml deosn Voo b Oliabl Cobl s plonil 1) 4in 1V 51 RS Gy so b S
O W L I SYCTRPIU-I-VPIE SR <79 Vo AR SV P RGO PUC- S WO PR (W]
Sls 35 g CuS Jli | g (il o s b Ol
tos 905 Ol op feS Olwle il : Calculate cheapest Replacement Age (v

"r|RelCode - [Age Based Replacement Policy Report]
3|
| RelCode | Age-Based Replacement Policy

| Ewercize 1 - Bearing |

Preventive Replacement Cost
Failure Replacement Cost 1000

| Cheapest Heplacement Age

Cheapeszt Preventive Replacement Age [weekz)
Cost 3 weeks is then
Cost $/Weeks for Replacment Only On Failure
Saving $MWeeks
Prewventive Replacements az Percent of all Replacements
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| RelCode | Age-Based Replacement Policy

| Exercize 1 - Bearing |

Preventive Replacement Cost
Failure Replacement Cost 1000

| Cheapest Replacement Age

Cheapest Preventive Replacement Age fweeks)
Cost $hweeks is then
Cost $weeks for Replacment Only On Failure
Saving $ weeks

Freventive Replacements az Percent of all Replacements 924
Failure Replacements az Percent of all Replacements
Specified Preventive Replacement Age [Weeks) Report to Clipboard |
Cost §Mveeks is 288535

_ Save Report to Filel
Freventive Replacements az Percentage of all Replacements EYES
Failure Replacements az Percent of all Replacements Frint Report |

Yiew Graph | Save Parameters |




390 33 Gy a0 () 5 (Skh 4 (el 0dd 03y Ol amie b Sk 534S shailes
CmeS Ao 53 V4 g 55 J 25 g0 ploxi] G R s 425 Bl 5 dee 3 AV 5 el Y5 YA
) Oldes ay5m ol s jasie i sn5 Ll sl &5 Aas (0 Ol b 4y s cpl das (0
(S 3T el (A U oS Al 05 @

S oladad slass LA s 0L : Spare Part Requirement-Age Replacement (¢
SIS

Sl m S ekl SlAw dwloes [ ale Coond opl Sl atede LS cpl Ofga 51 45 shilea
2SS 2 505 b WKl g5 el 2l g 02 B s 3 g0 s S
S axlge (S andad (659 g0

(Replacement Analysis Menu a=i_» ;s ool ay B =) 4 S ol Gay g SIS

tCew] oS 0l u:.i\.uﬁ)“}g.&):‘\s.:ﬁ‘;o)b LS‘W

m. Uzer Replacement Age and Component Utilization

| RelCode 0K

Cancel

The optimurn preventive replacement age 1z 6.67 Weeks

Cpecified Preventive replacement | 6.67 |
age [weeks]
Murnber of companents at risk | 4 |

Annual Component Utilization ffesks] | 50 |

Total annual component utlization: 200
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[*-| RelCode - [Spare Parts]

I RelCode I Spare Parts Requirement (Steady State Average)

| Age Replacement Policy

| Exercize 1 - Bearing |

| Analysis Parameters

Preventive Feplacement Cost
Failure Replacement Cost 1000

Specified Preventive Feplacement Agelweeks) | 6.6V |

Total Annual Component Utilization | 200.00 |

|5pare Partz Annual Requirement

Mumber of preventive replacements | 28.36 | Report to Clipboard |
Mumber of failure replacements | 233 |
Save Heport to Filel
Total annual zpares usage | 3069 |
Annual spares usage for policy of replacement only on failure | 11.67 | Print Report |
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