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Uses of reliability predictions

® Internal
® Compare competing designs
® Find design weaknesses
® Objectives for testing
® Estimate warranty costs

® Used for marketing purposes

e External
® Customer requirement

® Maintenance budgeting
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Reliability definitions

° Reliability is the probability that a product or service will
operate properly for a specitied period of time under the

design operating conditions without failure.

e MeanTime To Failure (MTTF): It is the average time that

elapses until a failure occurs.

¢ MeanTime Between Failure (MTBF): It is the average

time between successive failures.

¢ Failure rate is the rate of product failures expressed as a
function of time. A = 1/MTBF
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Basic theory

° Reliability models are
based on a number of

statistical distributions

° Exponential distribution
with constant failure rate is
very common and simplest

to use for hardware
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The cumulative probability distribution function (CDF):
Probability of a component failing at time t. Alternately,
probability of first failure at or before time . Experimentally,

the cumulative percent failure at each observed failure time when
plotted versus time (usually on a cumulative probability paper)
graphically displays this function.
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Reliability function: Probability of a cbmponent surviving
a time ¢, Alternately, the number of units surviving at
time t divided by the initial number of units.
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Probability density function (PDF): Probability of failure at an
instant (a time period that is infinitesimally small). Experimen-
tally, it is the instantaneous slope at time ¢ found on the CDF plot.
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Cumulative failure rate: Cumulative failure rate of a component
at time £ Experimentally, this is camulative percent failure at
time ¢ divided by the observed failure time ¢ for each observed
failure point when plotted versus time (usually on log-log paper)
graphically displays this function. A linear relationship can

exist to the hazard rate (see Appendix A).
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Instantaneous failure rate, hazard rate, or just the failure rate:
Probability of failure in unit time of a device that is still working.
The instantaneous rate of failure for devices of a population

that have survived to time £ )

MTBF
& MTTF
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" Constant Failure Rate

Mean Time Between Failure (MTBF), Mean Time To Failure (MTTF):
Expected length of time a system/unit will be operational. MTBF is the
preferred term instead of MTTF when repairs are involved. Both are
the inverse of the failure rate when the failure rate is constant,

Up Time

= Up Time + Down Time

Availability: In steady-state operation, this is the probability that
the system is up and running over time. For “inherent availability.”
up time is usually the MTBF and down time is usually the Mean
Time To Repair (MTTR) a system. “Noninherent availability” can
include complex factors such as standby time, logistic time, and ad-
ministrative time (also see Chapter 11 on operational availability).




Parts reliability modeling

Goal — determine failure rate (MTBF ') of a part
® Method I —Parts Count (MIL-HDBK-217 for electrical components, NPRD

2011 for mechanical components). Based on historical part failure rates,

assigns “default” failure rates depending on part category.

® Method II — Parts Stress (MIL-HDBK-217 for electrical components,

NSWC for mechanical components -Adjusts default failure rates with factors
that account for stress, temperature complexity, etc.

hss=hg™ Mg * g ™ My
Ao = Steady State Failure rate; A; = Generic or Base Failure Rate
no = Quality Factor; ng = Stress Factor; ny = Temperature Factor

e Method III — Physics of failure modeling. Based on detailed simulation of

physical failure modes and lifecycle usage conditions.
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Parts count reliability prediction

» Electrical components
use Mil-HDBK 217

» Mechanical components

use NPRD 2011

» Classity part in suitable
category (i.e. bracket)

> Read failure rate

» Convert to needed
environment if data in
needed environment is
not available

"B MTBF Calculator by ALD

£

Prerform reliability prediction and MTBF/FR calculation for electionic and mechanical companents in § simple steps:

2. Select Reliability

1.Select Component 4. Enter Component

Family and Type Prediction Method Parameters
et W NSWC-3B/LET Mechanic
tem Code:  [g8 Balows &
X‘J_] Calculate

5. Get MTBF and FR

3.Select Environment
and Temperature

MTEF 843070 hous

) failures per
Failure Rate: TIBEES [Aes per
Faile Fate: 1.186E+005 FIT

nis
e buiding, Reliabilty Block Disarams, Repots,
ule. Derating Madule and much mare - Closs

12 from our website:

v
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2O oo

. please check our ‘ommander Software.
Copyright ALD Ltd. 2011 support@ald.ca.il

Recommend to use ALD MTBF calculator
(freeware) for Mil-HDBK 217

Recommend to use electronic copy of NPRD
2011 from

Reliability Information Analysis Center, RIAC (§175)
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Parts stress reliability prediction

» Electrical components
use Mil-HDBK 217

» Mechanical components

use NSWC 2011

» Classity part in suitable
category (i.e. bracket)

» Perform calculations or
software to obtain

failure rate

"B MTBF Calculator by ALD
Perform reliahilty prediction and MTBF/FR calculation for slectronic and mechanical components in 5 simple steps:

2. Select Reliability
Prediction Method

MIL-217E-1 Part stress

1.Select Component
Family and Type

Family:
MECHANICAL

lemCode:  EENCHoron A
A IC-Analog

I IC-Digital

E.q Bubble Memory

B3 Connector roao [ e [

el
i e W el
-l
K LF Transistor ";"l B
—
' HF Diod o — =
LE HF Transist tor &
o P TEnEEel | Gersic e —
phcaiion and corstucion:  [DFVREED 7]

4. Enter Component
Parameters

M Calculate

5. Get MTBF and FR

MTBF: 10920613 hows
] failnes per
Failus Fiate: aiE7n fares per
Failure Rate: 9156.9948 FIT

ALD MTBF Caloulatoris  free taol Coatiom  [OPST =] LosdTope:  [Feseive =]
S fyou nee ol Reliabilty | Ing. Reliabilty Block Diagrams, Reparts,
= =pott Gen S - Raiog [ =] | Bting Moduls and much more - Close
1. aper

Repart G et Analysis,
- please check our RéM Commande]
Copyright ALD Ltd. 2011 support! on 62

Ousiy =3
GG Cyecles/Hous: 1 7

B =l Xl Q550
Recommend to use ALD MTBEF calculator
(freeware) for Mil-HDBK 217

Recommend to use NSWC 2011 Handbook of
Reliability Prediction Procedures for Mechanical

Equipment from Naval Surface Warfare Center

(public domain with registration)
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Physics of failure (POF) predictions

— Define realistic product requirements.
— Define the design usage environment,

— This usage profile defines the mechanical, thermal,

electrical and chemical loads over time.
— Identify potential failure sites and failure mechanisms.

— Characterize the materials and the manufacturing and

assembly processes, including defects.

— Design to the usage and process capability. The design
stress spectra must be based on the anticipated life-

cycle usage conditions.

Electrical loads (Power
dissipation, Voltage,

Current)

Environmental loads
(Temperature, vibration,
shock, pressure,

humidity)

Materials and geometry

Stress
analysis
(FEA/CFD)

Life cycle (Mission)
profiles including
operation, storage and

transportation

Reliability
(compute
MTBF)
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Comparison of methods

Part count (NPRD 2011)

A=2.1 failures/million hours

Part stress (NSWC)

Material |Steels, ultimate TS <=200 kpsi j EL 1.083
Load Type |Axial, ultimate TS <=220 ksi j ESZ 1.000
Surface Treatmert |Electr0plaling [chromium, nickel, cadmi j Cop 1638
Impact Factar |Light [ratating machinery) j ET 1.000
SAF Bolt Grade |46 rolled threads | L 1.000
Maior Diameter |0.25 Jin | Cy 3000
Operating Temperature |4D |°[; j

A=0.505 failures/million hours

Physics of failure sc13
Reliability Model = fatigue (crack growth ) 7 2“
Predicted life =2.5e8 cycles =2.5e6 hrs @v C o
So W Kf==|(n.f|:)5
A=0.4 failures/million hours ey

Shear or Machine Bolt - Machined Fillet

MR
7
)

]

Example -1/4 screw
Preloaded to 30 ksi, 5 ksi
oscillating stress, 100
cycles per hour, 40 deg C
operating temperature,

A286 alloy.




. e B MTBF vs Environmental Factors
* Environment classification per
MIL-HDBK-217 500,
450+
* Reliability is drastically - 0]
J £ 300
affected by the operational Z m
environment = 15
(44 b)) . 7. 50
® “Part count” reliability data for e T T
o . BENIGN(Gb) FIXED(Gf) MOBILE(Gm)
difterent operational
environments may be
converted
Table 1 is an update to Table 6.3.3-2 "Environmental Conversion Factors" in the RAC
o “Part Stress” or physics Of publication "Reliability Toolkit: Commercial Practices Edition".
. . . Table 1. Environmental Conversion Factors
fallure based predlctlons o | 2175 | 6B GF |GM| Ns NU | AIC | AIF | AUC | AUF | ARW | SF
f h . 237 Sh);ls Protected| - - |Normal|Severe | Normal - Severe | Severe | Severe -
account or t € Operatlng GB | Protected X 0.5 [02] 0.3 0.1 0.3 0.2 0.1 0.1 01 | 1.1
. . . . GF - 2.0 X |04 06 0.3 0.6 0.4 0.2 0.1 0.2 |20
conditions 1mphc1tly NS | Nermal |33 1705 % 08 | 1o 0704 02 |03 33
NU | Severe 10.0 3.3 [1.4] 2.0 X 2.0 1.4 0.9 0.5 0.7 |10.0
AIC | Normal 3.3 1.7 (07| 1.0 0.5 X 0.7 0.4 0.2 03 | 3.3
AIF - 5.0 25 [11] 1.4 0.7 1.4 X 0.6 0.4 0.5 | 5.0
AUC | Severe 10.0 5.0 [1.7] 25 1.1 2.5 1.7 X 0.6 0.8 |10.0
AUF | Severe 10.0 10.0| 3.3 | 5.0 2.0 5.0 2.5 1.7 X 1.4 |10.0
ARW | Severe 10.0 5.0 [2.0] 3.3 1.4 3.3 2.0 1.3 0.7 X 10.0
SF - 0.9 05 02| 03 0.1 0.3 0.2 0.1 0.1 0.1 X




Accepted failure rate data sources

[NOT MEASUREMENT SENSITIVE |

MIL-HDBK-217F
2 DECEMBER 1991

SUPERSEDING
MIL-HDBK-217E, Notice 1
2 January 1980

M I LITA R Y H A N D B 00 K .'T"W- Naval Surface Warfare Center

Carderock Division

[T = e te i el West Bethesda, Maryland 20817-5700

RELIABILITY PREDICTION OF
ELECTRONIC EQUIPMENT

Handbook
of
Reliability Prediction Procedures
for
Mechanical Equipment

Mechanical parts count g

Vo= M
AMSE WA |FSC-RAELI
CASTRIBUTION STATEMENT & Approwad Sor public raleasa; disiributio n unkm ied.
Logistics Technology Support
Electronic parts count B L

Mechanical parts stress




System reliability - series systems

Total System

s I Reliability J
Subsystem || Subsystem Subsystem Subsystem

n A B [ | C [ | D
Rs=[1 R 1 1
i=1 | Part7 I
Part || Part || Part Part || Part || Part ,_IJ Part || Part
! 2 3 4 5 6 Part7 2/3 Trunks 8 9

The failure rate of the system is simply the sum of the failure rates
of the individual devices

lsys‘l‘em :ll"'/lz +)«3 +"'+‘An




System reliability - parallel systems

.
| Aeff kin = ,
I L | 2
1 2 see n kln . Z I
- Trunks l=k
I ]
| n k heff
| | A
2 l (2/3)A
2 2 24
Parallel components are 3 1 (6/11)A
. 3 2 6/5)A
accounted in redundant : : ': ;}
A
systems 4 1 (12/25)A
4 2 {12/13)A
4 3 {12/7)1A
4 4 4
3 | (60/137)A
5 2 {(60/77)A
5 3 {60/47)A




Prediction procedure

— > Obtain part list

Classify parts per relevant
standard

Lookup typical failure rates

Multiply failure rates by

Sum failure rates of all

quantity of each part
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redesion

parts=assembly failure rate
Invert to obtain MTBF

Is goal

reached Done

Perform parts stress analysis
on parts with larger failure

rates

Is goal YeES

reached

Perform physics based Is goal

analysis reached




Confidence of reliability predictions

o All predictions are only estimates

® Part count methods are very conservative (for properly

designed equipment)

® Part stress methods may dictate failure models that do not

gOV@I’l’l

° Physics based modeling is probably best but does not include

human factors, unexpected operating conditions etc

e Can not predict faults not considered




Ways to improve reliability predictions

Reduce part count by combining parts
Use parts stress or physics of failure models
Redundant systems (last resort)

Consider if part’s fault necessarily leads to failure in

operation of the system




Reliability software

® Many on the market

® Most seem to focus on electronic components and lag the
latest mechanical databases (often a rigid requirement)

* We use spreadsheets combined with ALD MTRBF calculator
and NPRD electronic database




