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Introduction: reliability and availability

« Reliability and availability: important performance
parameters of a system, with respect to its ability to fulfill the
required mission in a given period of time

« Two different system types:

» Systems which must satisfy a specified mission within an assigned
period of time: reliability quantifies the ability to achieve the desired
objective without failures

» Systems maintained: availability quantifies the ability to fulfill the
assigned mission at any specific moment of the life time
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Availability definition (1) CrRC.
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Availability definition (2) &

X(t) = indicator variable such that:
» X(t) =1, system is operating at time ¢
» X(t) =0, system is failed at time ¢

X(t) A F F F
1 l l ' F = Failed
R = under Repair
0
'
R R R t

Instantaneous availability p(t) and unavailability q()

p()=P|X(t)=1]=E[X(1)] q(t)=P[X(t)=0]=1-p(?)
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Contributions to Unavailability | CRC

« Unrevealed failure

A stand-by component fails unnoticed. The system goes on without
noticing the component failure until a test on the component is made or
the component is demanded to function

 Testing / preventive maintenance

A component is removed from the system because it has to be tested or
must undergo preventive maintenance

 Repair

A component is unavailable because under repair
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Average availability descriptors CRC

 How to compare different maintenance strategies?

We need to define quantities for an average description of
Its probabilistic behavior:

» Components under corrective maintenance (stochastic repair time):

p =1lim p(t)

» Components under periodic maintenance: Average time the
system is functioning

= (UP) within T,

17 UPtime T
= | p()dt = =
Dr T(I)p() = =
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Availability of an unattended component (no repair allow_edQRQ
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Availability of an unattended component (no repair[ aIIow_ed¢ C

« The probability q(t) that at time t the component is not
functioning is equal to the probability that it failed before ¢

q(t) = F'(2)

p(t) =1-q(t) = R(¢)

where F(t) is the cumulative failure probability and R(?) is
the reliability
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Availability of a continuously monitored component o CRC
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[ I

Availability of a continuously monitored component (1): CRC

 Objective:
» Computation of the availability p()
« Hypotheses:
» N = number of identical components at time t =0

» Restoration starts immediately after the component failure

» Probability density function of the random time duration Ty of
the repair process = g(t)

Balance equation between time t and time t+A4t
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Availability of a continuously monitored componerimT T Gre

N-p(t+At):N-p(t)—N-p(t)-i-At+jN-p(2')-/I-Az'-g(t—z')-At

I\ J H_J “ J 0 — v
' ~ —~—

1) Number of items UP at time t+At
2) Number of items UP at time ¢
3) Number of items failing during the interval At

4) Number of items that had failed in (7, 7+47) and whose
restoration terminates in (f, t+A4t);
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Availability of a continuously monitored component (3) o CRC

« The integral-differential form of the balance

%:—/I-p(t)+j‘/1-p(r)-g(t—r)-dr p0)=1

 The solution can be obtained introducing the Laplace
transforms

o0

~~

f) > LfW]=f(s)= e f(x)dx
df (x) [ & @

%
dx dx

}s-’f(s)—f«»
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Availability of a continuously monitored component (4) o CRC

« Applying the Laplace transform we obtain:

s-p(s)=1=—A-p(s)+4-p(s)-g(s)

which yields: |

=)
Ps) S+/1-(1—§(S))
* Inverse Laplace transform — p(t)

« Limiting availability:

A

t—o0 s—0

—§<s>)}

=lim p(¢) = hm[s p(S)] = th 7. (
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Availability of a continuously monitored component (5) o CRC

« As s — 0, the first order approximation of g(s) is the following:

gs)=[e"g(dr = [(1-s-t+.)g@)dr =1-5-[(D)dr =1-5-7,
0 0 0
Tw=E, [T MTTF—> MTBF
p. =lim S 1 1/ MTTF average time the component is UP

520§+ A -8 T, INEYY T - /A +7, - MTTF+MTTR average time of a failure/repair "cycle"

e
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Availability of a continuously monitored component (5)

Interruption of Operation (Down Time, DT)
[ -
358 *
%, o
\
Trouble-shooting
Alert Reactivation
Time until arrival
Detection of location of fault Testing
Diagnosis
Coordination _ _
(Isolation, arrangements) Time to repair (TTR)
Procurement of spare parts

CRC
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Availability of a component under periodic maintenandm )cre

« Safety systems are generally in standby until accident and
their components must be periodically tested

« The instantaneous unavailability is a periodic function of time

 The performance indicator used is the average unavailability
(which is not a probability !)

DOWNtime T,

q(t)dt =

T T

1
qT:?'

S —
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Availability of a component under periodic maintenanétﬂ-Z)c C

« Suppose the unavailability is due to unrevealed random
failures, e.g. with constant rate A4

« Assume also instantaneous and perfect testing and
maintenance procedures

 The instantaneous availability within a period 7 coincides wit
the reliability

p()A
1
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Availability of a component under periodic maintenancm)c C

Objective: computation of the average unavailability

X(t) A ; F i i component renewed instantaneously
; l : /_ when test is performed
1 : //___ T, = DOWNtime = 1-t
H H T )
T t 27 31 t

The average unavailability within one period ris:

_ To=[(r=0)f;(t)dt =[(z - t)dF, =
__mean DOWNtime T»p 0 0

T T

q.

=(r=0)F, (1)) + IFT(t)dt = jFT (t)dt
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Availability of a component under periodic maintenandm)c C

 The average unavailability and availability are then:

= EFT(t)dt o IR(t)a’t

q.=—= p. =
T T T T

For different systems, we can compute p, e q, by first
computing their failure probability distribution F+(t) and
reliability R(t) and then applying the above expressions
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Availability of a component under periodic maintenancm)c C

« Assume a finite repair time 7z

 The average unavailability and availability over the complete
maintenance cycle period r+1 are:

rp+ [ Fp(t)dt rp+ [ F(t)dt
0 0

~|7, <<7]=

Qrvr, =
Tk T+7, T

jR(z‘)dt | R(t)at

pf—HR: T‘|‘TR z[TR << z']z - T
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EXAMPLES Cre
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Availability of a continuously monitored component T Gre

« Find instantaneous and limiting availability for an
exponential component whose restoration probability

density is
gt)y=p-e*

 The Laplace transform of the restoration density is

Y7
S+ U

g(s)=L[g@)]=

Pl =1 [ps)] =L e
~ 1 S+ u u+A u+A
p(s) = g = (5+u+ ) — > 9
s+A-——— STUTH D, = K
S+ u T ou+ A
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Availability of a continuously monitored system CRC

Traffic signalling by a system with field replaceable units :

MTBF: Mean Time between Failure

MDT: Mean Down Time (=MTTR)

MDT- includes travelling-, administrative-,

fault detection- +active repair times (MTTR),
assuming 24h/d readiness of maintenance staff
and availability of sufficient spares.
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_ MTBF
" MTBF + MDT

. MDT
- MTBF+MDT

N=1-A




_ MDT 4h
27 MTBF+MDT 87600h+4h

~4,6-107°

N

=N, +N,=2-N,,=9,2-10° ~10*

s_tot
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5h
"2 MTBF+MDT 43800h+4h

Ny =N, -N, =N$/2 =1,3-10"

~1,14-10"
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Availability of a continuously monitored system CRC

Traffic signal through systems XY :

Traffic
signal
—
1/0-IF1 Card Switch/Clock /O-IF2 Card
Alo-IF1-tot AswiClk-tot Ayo-IF2-tot
| § - =-=== .| =|-____|_ ='-____
Ao tmainy 1ASwiGikcmainy 'Aaoezmainy

Nunprot =Ny 0.F1 + Nswicik + Nsubr + Nijo.r2

Unit Unavailabilzity of a syzstem with possible pzrotected units:
In Stand-by Norot = Niio-ir1 + Nswicik + Nsubr +Nijo.ir2 ® Nsypr
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Availability of a continuously monitored system

Example: Availability Calculation

for traffic signal of a transport system
with List of Material (LoM) (no current values):

|

Prof. Enrico Zio
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Availability of a continuously monitored network systemc:c

Traffic signal transmission from station A to station B for several types of Networks

Prof. Enrico Zio

Which signal paths are possible
to go from A to B?

. Cable
Traffic signal can be e.g.
PDH/SDH-signal and/or fibre channel . Station A
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Availability of a continuously monitored network syste_mc;Rc;

Link from Station A to Station B
Traffic . Traffic
sng_nal’. . . . signa

The stations contain the transport system only

What about cables between the stations?

Traffic Traffic
signa signa

The cable is a very important functional block
in the consideration of system availability

) fault detection- + active repair times (MTTR),
assuming 24h/d readiness of maintenance staff

(Duct-) Cable [A] Station A
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Availability of a continuously monitored network systemc:c

Example: Availability of a simple link: STM-16

e ————————————————————
(no current values) 2 Mb i i i i i 2 Mb

Prof. Enrico Zio
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Availability of a continuously monitored network systemc:c

T . 2 Mb i — 2 Mb
Example: Availability of a Ring network: *
P (no curre!t values) G e /

Prof. Enrico Zio
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Availability of a continuously monitored network syste_mc C

Unavailability Diagram for Link- and Ring Network

e e e P2 1 =

Unavailability vs. cables failure

1% SRTEARAMAA RAAae renn ,
4 = - STM-16 Link (unprot.parts) | /
* STM-16 Link (prot.parts) ' '
== == Ring Protection

min / year

DS Al

.

000:147 bt 1 ] 1 ]
R S e e e e
v 5 9 02 0,4 0,6 0,8 1,0
", without .’ Failures/100km/year

*

O O /S SR

ol

L4 .
... “‘
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Availability of a continuously monitored network syste_mCRc

Meshed Network Structure

Unavailability Calculation for a meshed network:
Signal path 1

+N2[N4(1_N6)+ N5(1—N3 —N, —Ne)"' N6(1'N3)]
+N3[Ns +Ng +N, -N, —N; -Ng]
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Availability of a continuously monitored network systemc:c

Example: Availability
for a meshed network
(no current values)

. |
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Availability of a continuously monitored network SYSte_mCRC

Meshed Network Non-availability Diagram

Example: Unavailability Diagram 2wmp
for a meshed Network

2 Mb

Unavailability vs. cables failure
2Mb end to end form Ato B

min / year

0 0,2 0,4 0,6 08 1
Failures/100km/year
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Availability of a component under periodic maintenance

« Objective: computation of the average unavailability over
the lifetime [0, T,/]

T
bor, = T—D
 Hypoteses: M

» The component is initially working: q(0) = 0; p(0) = 1
» Failure causes:

1. random failure at any time T ~ Fx(1)
2. on-line switching failure on demand ~ Q,

3. maintenance disables the component ~ ) (human error
during inspection, testing or repair)

CRC
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Component under periodic maintenance: a more realistic case

maintenance maintenance

AlB T Cl F

i i i i i > ¢
O A M 2Tty 2wty T

1) The probability of finding the component DOWN at the
generic time t is due either to the fact that it was demanded tc

start but failed or to the fact that it failed unrevealed randoml
before t. The average DOWNtime is:

QOA(t):QO—I_(l_QO)FT(t)

Toon = [ g0, (0)dt = [[Qy+(1=0y)- F()]dt = 0y -7+ (1-0y)- [ Fy(1)dt
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n [ ] n iilll_
Component under periodic maintenance: a more realistic case

2) During the maintenance period the component remains

disconnected and the average DOWNTtime is the whole
maintenance time:

I'pas) =7,

3) The component can be found failed because, by error, it
remained disabled from the previous maintenance or

because it failed on demand or randomly before t. The
average DOWNtime is:

QBC(t)zyo+(1_7/0)'[Qo+(1_Q0)'FT(t)]

fD(BC) = quC(t)dt =70 'T'l'(l_?/o)' Qo 'T+(1_Qo)'jFT(t)dt
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Component under periodic maintenance: a more realistic case

4) The normal maintenance cycle is repeated throughout the
component lifetime T,,. The number of repetitions, i.e. the
number of AB-BC maintenance cycles, is:

M
T+7T,

k=

 The total expected DOWNtime is:

To=0p+(1-0,)- | Fy(o)de +— {a+m+<1—yo>-{Qo-r+<1—Qo)-]FT<r)dr}}

T+7,

.{TR+7/0T+(1_7/0)'|:Q0'T+(1_QO).j‘FT(t)dt:|}
T-I-Z'R 0

— _fD(OTM)_QOT 1-0, f
Gr, =7 =t -_([FT(t)dt—I—

M M M
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n [ ] n t—ljl_
Component under periodic maintenance: a more realistic case

« Qpand F(t) are generally small, and since typically 7z << 7
and 7<<T,,, the average unavailability can be simplified to:

— T 1-0, |
qr, =70+ (1=7)| O+ — 0-£FT<r)dr

M

« Consider an exponential component with small, constant
failurerate A= F.(H)=1-e*" =1t

« Since typically y,<<1, Qy<<1, the average unavailability

reads: |
T
"R
T 2 ~—
/ Random,
unrevealed failures
Maintenance between tests
Error after test Switching failure on demand
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