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Part 2 Contents.

e Basic Reliability Block Diagrams
o Mission Reliability Block Diagrams

Part 2 Prerequisites:

o Familiarity with the subject matter of Part 1.




So what doesthe modd look like?

e The Basic Reliability Block diagram -




Basic Reliability Block Diagram for the ML S
system

Assembly Name

Logistic Control Number (LCN)

“Control Unit
[1A]

Electronics Rack
[1B]

Junction Box
[1C]

Transmit Unit
[1D]

Signal Processing
[1E]

Cable looms
[1G]

g 2=30.00 |

"1 A=100.09

2=80.00]

A=400.40

A=50.0p

A=5.00

Failure Rate

Control Box
Electronics Rack
Junction Box
Transmit Unit
Signal Processing
Cable Looms

Total Basic failure rate of the MLS system=

Failur e Rates
A=30.00
A=100.00
A=80.00
A=400.00
A=50.00
A=5.00

A=665.00 Failures per Million Hours




MLS System?

e The example system is known as a Microwave Landing
System (MLYS).

e |t transmits a Microwave radio signal from the flight deck

of the ship which the approaching helicopter uses to
navigate to the landing platform.




Basic reliability block diagram

e The Basicreliability diagram is a series arrangement of
blocks connected by lines. Each block would have afailure
rate calculated or arrived at in some way. The total or

Basic fallure rate for the system is ssimply the addition of
the fallure rates of the blocks.




Basic reliability block diagram

e Each block represents a part of the system. In this example
there are six major sub-divisions.

o Each block islabelled and the failure rate, A (lambda) Is
given in the block. A summary table is provided for report
PUIPOSES.

e Theword “Success’ or “Survival” is sometimes included
at the end of the chain.




Basic reliability block diagram

o A second example, in this case one of the blocksin the
system diagram, illustrates that the chain may be folded to

better occupy apage if the number of blocks necessitate
this.

e Thisalso illustrates why ahierarchical approach is more
often than not used to describe complex systems reliability.




ML S Electronics Rack

Pre-Amp PCBs Connector & Filter Control PCBs
[1B01] [1B02] [1B03]

| M=300d | a250) | [ astop |

Helicopter Int PCB Miscellaneous items
[1B04] [1B05]

A=50d 00 | A=300)

Failure Rate = 2\=100.00




Note;:

o Although we have used A and expressed reliability asa
failure rate in our example thisis not always preferred and
It Isnot strictly correct. It Is often expressed as a

probability of survival or success, P..




Will it be all right on the night?

e The users of the equipment, in this case the Navy, are more
concerned with “will it be all right on the night?’ In other
words, “what are the chances of it failing just when | need
It to help land a helicopter?’




What can fail might not matter:

Not every possible failure in the system will cause the
system to fail.

By working to reliability objectives the designer would
have taken steps to avoid system fallure due to single
causes or single point failures.

Otherwise, critical items are identified.




jon Reliability Block Diagram for the
LS system

Assembly Name
Logistic Control Number (LCN)

ontrol Unit Electronics Rack Junction Box Transmit Unit Signal Processing
[1A] [1B] [1C] [1D] [1E]
3220001 | [h=10009 | A=1000 | a=10040 | [ r=a00p |

Failure Rate

Control Box
Electronics Rack
Junction Box
Transmit Unit
Signal Processing
Cable Looms

Total Mission failure rate of the MLS system=

Cable looms
[1G]

| M50 |

Failure Rates
A=20.00
A=100.00
A=10.00
A=100.00
A=40.00
A=5.00

A=275.00 Failures per Million Hours




So what's the differences?

e |nthisexamplethe Basic and Mission diagrams ook the
same but for the failure rates, but thisis only our example.
In lots of cases they will ook quite different.

o Thefailurerates differ because only those that contribute
to Mission failure are included and the totals are cal culated

according to the laws of redundancy.




Thisisonly thetop level:

e Remember the modd s hierarchical and the lower
levels will show only those functions of the system
that contribute to Mission success by eiminating
those that do not contribute to success.

e Asit happens, analysis of this system revealed that the
Mission reliability criteriawould not be realised.




What doesthistdl us?

e Only asimple design approach has been taken to ensure
that the Mission reliability has to meet demanding criteria.

e Themode issimplified and does not account for repair

time/(down time).




How well did it meet the requirement?

It didn’t.

The analysis was conducted far too late in the
development cycle in the face of an overconfident
design function and over reliance on simplified
reliability concepts.

No account was taken for down time in the design!




So what isthe approach? There are several.

1) The magic rule of system Mission survival or the axiom of
system Mission survival - the Reasoned approach.

2) The Boolean approach.
3) Probability M aps approach.
4) The Logical approach.




Themagicrule:
(or just gobbledygook?)

e The probability of asystem surviving amission, Pg, isequal to
the probability of survival - given that a specific part or portion
of the system works, P, .multiplied by the Reliability of that part
of the system, R, plus the probability of survival - given that the
portion of the system fails, Py; multiplied by the Unreliability of
that portion of the system Q,!

Ps = Px..Rx+ Px; .Qx




Clear as mud?

P. = Probability of system mission survival.

P...= Probability of system mission survival if aportion, X of
the system is functional.

P, = Probability of system mission survival if aportion, X of
the system is non-functional (failed).

R, = Reliability of the portion, X of the system.
Qy = Unreliability of the portion, X of the system = (1 - Ry).




Totest theaxiom on atrivial example:

ﬁﬁ

If thereisonly one portion to the equipment then the
Mission survival diagram looks likethis.




Totest theaxiom on atrivial example:

e The probability of the survival of the equipment is

obvioudly the same as the probability that the equipment
will continue to function.

e To keep our test ssimple we will assume that random failure
IS our only concern - but in fact there are other factors,
hostile action for example.




So does the axiom say the samething ?

P = the probability of mission survival (given that the equipment, A works)
Thisbit isclearly equal to unity in our smple test
* Reliability of A, (R,) +
the probability of mission survival (given that the equipment, A fails)
and this bit is egual to zero in our test.
* the Unreliability of A, (Q,)

Hence, Ps=1* R, +0* Q,, whereQ, =1- R,




Simplereally!

e S0 INnthissimple case the probability of equipment
survival, Ps Is equal to the Reliability of the equipment,
R,.

Remember we only considered random failure.




‘Car Tyre' Example:

The equipment Mission survival diagram lookslikethisand is
meant to convey the idea that Mission survival dependson both
A and B functioning. Assuming ‘X’ isacar tyreand that the
car has1 sparetyre. Tyrehasardiability of 0.8. Therest of the
system has a probability of success of 0.4




Car Journey (with sparetyre):

P, = Probability of successful car journey

P.. = Assuming tyre ‘X' IS OK, Probability that the rest
of the car is able to complete the journey. (0.4)

P, = Given that tyre * X' Is punctured, probability that
the car will still be able to complete the journey. (0.4)

R, = Reliability of the tyre (0.8)
Q, = Unreliability of the tyre (0.2)
Ps 3 sz* Rx+ I:)xf* Qx
P.=0.4*0.8+0.4*0.2=0.4




Car Journey (with NO sparetyre):

f we now assume that the car has no sparetyre. Tyre still
nas areliability of 0.8. Therest of the system has a
orobability of success of 0.4




Car Journey (with NO sparetyre):

P, = Probability of successful car journey

P, = Assuming tyre X" Is OK, Probability that the rest of the
Car IS able to complete the journey. (0.4)

P.; = Glven that tyre * X' Is punctured, probability that the car
will still be able to complete the journey. (0)

R, = Reliability of the tyre (0.8)
Q, = Unreliability of the tyre (0.2)
PS = sz* Rx+ I:)xf* Qx
P.=0.4*0.8+0*0.2=0.32




Car Journey conclusions

e The Car Journey example demonstrates that the P,
equation allows the user to apply either redundancy (where
P.:= P, or mission criticality (where P = 0) to a
particular item. As shown in the examples above, a
‘redundant’ item (car tyre with spare) means that the
reliability of the tyre does not influence mission success
and is therefore not factored into the Probability of mission
success. Conversely, a“‘mission critical’ item (car tyre with
no spare) means that the reliability of the tyre does
Influence mission success and needs to be factored in.




just one mor e series modd!:

Snvive
A C

P = the probability of mission survival (given that the equipment, A
works)

Thisbit is equal to unity as before but modified by the

probability that equipment B and C are working.
* Reliability of A, (R,) +

the probability of mission survival (given that the equipment, A fails)
Thisbit is obviously zero as before.

* the Unreliability of A, (Q,)

Hence, Ps= Rz * R-* R, + 0* Q,, whereQ, =1- R,
Ps=Rz* R:* R,




and so on for any series arrangement.

=1

o Where R isthe reliability of the ith item of equipment in
the system and n is the number of items.




Redundancy:

e aredundant configuration increases the probability of
mission survival

e but at acost. The overall reliability (Basic) goes down.

o Redundancy is probably the ssmplest of several techniques
for increasing Mission reliability.




example of active redundancy:

B suviva

e TheMission survival diagram looks like this and is meant to
represent the idea that mission survival depends on either A
or B functioning.




o Remember, the magic rule only works if the probability of
failure of each part is unaffected by that of another part.




Active redundancy?

e Thetwo parts, A and B are functional and independant.
Either can perform the function of the other.

e Thisiseasily stated but very difficult in anything other
than the most basic elements.

o Standby, switched standby, auto-reconfiguration are some
of the other options.




Here sthe statement:

P = the probability of mission survival (given that the equipment, A
works) * Relianility of A, (R,) +

Thishitisend tounity asbdfarebut it isnat afeded
by thepraetality thet equipment Bisfundiordl.

the probability of mission survival (given that the equipment, A fails)
* the unreliability of A, (Q,)

Thiswoud bezeroif it only dgoended on A but it must
beend tothe proshility thet Bisfundtiond, i.ethe
Rdiaality of B, Rs.




and here' sthealgebra:

Hence, Ps=1* R, + Ry * Q,,whereQ, =1-R,
Ps=Rx +Rg(1-Ry)
Ps=Ra + Rg - R\Rg

and if A and B are identical (but s independent):
Ps=2%R, - Ry,




More redundancy:

Survival

Mission survival depends on either A or B or C
functioning.

The survival equation can be derived from the dual
redundant arrangement in the last example. Consider that

equipment B and C are combined asin the last example
asB':




simplified:

PS=RA + RB - RARB




RB'=PB =1* RB+RC* QB,whereQB =1-RB

PB' = RB + RC(1 - RB)

PB' =RB + RC - RBRC

Therefore PS= RA + RB + RC - RARB - RARC -RBRC +
RARBRC




a numerical example:

L &
— -

and let C2 = C1 and B2 = B1 for simplicity.




a numerical example (cont):

P = the probability of mission survival (given that the equipment, A
works) * Reliability of A, (R,) +
Thishitisequel to the probetility thet G, or Gy isfundiondl, (2*Re- RY)
muitiplied by the probetility thet A isfunctiondl, Ra,

the probability of mission survival (given that the equipment, A fails) *
the unreliability of A, (Q,)

This bit is equal to the probability that B; and C, or B,
and C, are functional, [2* (Rg*Rc -(RBs* Rc)z]

Therefore P = (2*R.. - R R, + [2*(RgRL) - (RgR)F*
(1-Ry)




a numerical example (cont):

R,=03 Rg; =Rz, =0.1and R, = R;,=0.2

and therefore,

(1-R,)=0.7,(1-R;)=09and (1-R,) = 0.8
then, Ps=(0.4- 0.04) * 0.3 + (0.04 - 0.0004) * 0.7
The probability of mission survival is: =0.13572




e The same procedure can be followed for any mission
success diagram




A complex example:
I

B C1




(2*Rc - RS) Ra + [2* (RsRc) - (ReRe)] (1 - Ra) - 2*(Re - Re")




Method 2, Boolean Truth Table Approach:




Same model as befor e

Survival




The Boolean approach lists all equipments of the system in a truth table:
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> All mission success paths = 0.13572




Thetable:

e Thetable has 2" entries.

e ThetablehasaO or 1 entry in each column indicating
failure or functional respectively for each eguipment.

o All possible combinations of all equipments functioning
and failing are thus listed.




e Fromthetableit isevident that nineteen of the 32
combinations result in a successful mission. Thefirst
IS entry number 4 and the Probability of mission

success, P for thiscaseiis:

(1-Rgy) (1-Rgy) (1-Rey) Rex Ry




Valuesfrom earlier:

If we use values from the earlier example:

R, =0.3, Rg; = Ry, = 0.1, Re; = Rg,=0.2
and therefore,

(1-R,)=0.7, (1-Rg)=0.9, (1-R,) =038

Ps=09*09*0.8* 0.2* 0.3=0.03888

This number is then entered in the column Py against entry number 4.




For each success case:

e The processisrepeated for each success case and the table
completed. By summing all the success probabilitiesin the
P column the total probability of mission survival iIs
obtained as 0.13572 in this example.




The Mission success equation:

. R..
R
R,
-R.
-R.

R
B1 RBZ
B1 RBZ
B1 RBZ
B1 RBZ

+R.R.R.R..R.+R..R..R.R..R.+ R.R..R..R..R.
+R..R..R..R..R.




Reduction:

e By areduction technique attributed to Thomas Case the
equation reduces to:

Ps = Rei1Rc1 + &BlRBZRCZ + RA&BlﬁBZRCZ

+ Ra & B1Rc1 ﬁcz + RB1RB2 §01RC2 + RB1§ B2 §C1Rcz Ra




THE END

FOR THE TIME BEING!




