Homework Assignment 1

SYSTEMS WITH REDUNDANCY
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Consider a series system with the following RBD:
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The distributions of the components’ failure time are listed in Table 2
according to your variant (see Table 1).

1. Plot the reliability, failure rate, and hazard rate functions for each of the
components; calculate their MTTFs.

2. Using Mathcad define and plot the reliability function of the series
system as well as its failure rate and hazard rate functions.

3. Find the MTTF of the series system.
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4. Repeat paragraphs 2-3 after implementing hot parallel redundancy
to the component A;

to the component B;

to the entire series system (system redundancy);

to each component of the series system (component redundancy).
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Compare MTTF of each redundancy scheme and the plots of the functions.

5. Repeat paragraphs 2-3 after implementing cold standby redundancy
to the component A;

to the component B;

to the entire series system (system redundancy);

to each component of the series system (component redundancy).
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Compare MTTF of each redundancy scheme and the plots of the functions.
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6. Repeat paragraphs 2-3 after for the k-out-of-n systems constructed of
the original series system:

a. 2-out-of-3 redundancy;
2-out-of-4 redundancy;

c. 3-out-of-4 redundancy.

Compare MTTF of each redundancy scheme and the plots of the functions.

7. Make an inference regarding reliability gain and MTTF gain of various
redundant architectures.



Homework Assignment 1

Table 1

Ne (0]7[6) Fa napameTtpbl A Fg napametpbl B

1 |AnekceeB Muxaun Cepreesmy E A = 0,0005 GCEG |a=0,5 b=16 y = 0,0005
2 benakos Mapk Baagumunposuy R o =800 Kwg [a=1,5 b=0,85 |y=0,00155
3 bypna Japbsa ®enoposHa W |n=1100 CEG |a=0,3 y = 0,00125
4  |BarHep ApTtyp MaKkcMmoBumY E A = 0,0004 GW |B=15 b=2,5 v = 0,00025
5 lpy3aes AHApel AHapeeBuY R o = 1000 ECEG |a=0,75 [@=0,9 y = 0,001

6 LaHwnnos puropuin Onerosmy W n = 800 CRG |a=0,2 y = 0,002

7 |dobpoaees PoguoH EBreHbeBuY E A =0,0015 EW [@=1,75 |3=1,25 |y=0,002

8 Kantok Buktopma PomaHoBHa R o=1250 CWG |a=0,65 [3=1,15 | =0,0005
9 Konopatok AnekcaHap MeTtposuy W n = 650 EE [@=1,3 y = 0,002
10 |Kypwno lMNetp Bacunbesny E A = 0,0025 Kwe [@=125 [|b=1,8 y = 0,00125
11 |KyyepeHkKo AHactacma MuxaiinoBHa R o =700 GW |B=125 [|b=0,5 y = 0,00125
12 |MacnoB KoHcTaHTMH MaKkcumoBuy W n = 1250 ER a=0,8 vy = 0,0004
13 |MwupeHkos aHnn NBaHoBWY E A = 0,0008 ECEG |a=04 a=1,7 y = 0,00125
14  |NMuanneHko AHa BrnagumnposHa R o =900 EW [@a=1,5 B=1,75 |y=0,00065
15 |MnexaHos MaBen Bnagumuposuy W n = 1000 GE |b=14 vy = 0,00065
16  |MbiwKnH Makcum Uropesmy E A = 0,002 CWG |a=0,15 [3=1,65 | =0,0035
17 |CerbaTtos ApTyp Butanbesny R o = 1500 GCEG |[a=0,1 b=1,85 |y=0,001
18 |[Xasenes Unba Anekceesuy W n = 850 GR |b=1,6 y = 0,001
19 |WaToxuH ®Enop AnekcaHapoBmY E A =0,001 GCRG [@=0,85 |b=1,35 |y=0,001
20 [Oran Hukuta Bayecnasosuy R o =550 KwR [a=1,5 b=0,85 |y=0,00155
21 |AkynoB Bnagucnas AnekcaHaposuy W n = 1500 W n=1000 |B=0,75
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Table 2
Distribution* CDF (Failure Probability) Parameters
Kw-E Fx)=1—-(1-(1—er¥)a)b a,b,y >0
b
Kw-R F(x)=1-(1-(1-e" )" a,b,y >0
b
e~ rx 0<a<l1
GCEG F =1-
(X) (C( i (1 _ a)e—yx> b,]/ >0
~(yx)? b
GCRG Flx) = 1— e 2 O<ax<l1
a+ (1—a)e= 0 b,y >0
b
GW F(x) =1—(e"@0") B,v,b>0
1— -3 \?
ECRG Flx) = a( e ) 2 0<a<l1
a + (1 — a)e_()’x) ay > 0
1—e") \°
ECEG Flx) = a(l—e™) 0<a<i1
a+(1—a)e v~ ay>0
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Table 2
Distribution* CDF (Failure Probability) Parameters
EW F(x) = (1 — e—(”)ﬁ)a a,p,y>0
1 — e—0)F
CWG F(x): a( e ) O<ax<l
a + (1 — a)e_()’x)ﬁ ,8,]/ >0
e V¥ 0<a<l
CEG F =1-
(x) a+ (1—a)er* y>0
—(¥x)?
e O0<ax<l1
CRG -1 —
Feg=1 a+ (1—a)e~ro? y>0
EE F(x)=(1—e ") ay >0
ER F(x) = (1—e-0%)" a,y >0
GE F(x)=1-— (e 7¥)P y,b >0
GR F(x) = 1 — (e_(yx)z)b y,b > 0
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Table 2
Distribution* CDF (Failure Probability) Parameters
. x\B
W (Weibull) F(x)=1— o) np >0
2
R (Rayleigh) F(x)=1-— e—;? >0
E (Exponential) Fx)=1—e* A>0
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*

Two-parameter Distributions:

e CEG-Complementary Exponential-Geometric

* CRG - Complementary Rayleigh-Geometric

 EE — Exponentiated Exponential

 ER—Exponentiated Rayleigh

 GE —Generalized Exponential

* GR—Generalized Raylegh

Three-parameter Distributions:

e Kw-E — Kumaraswamy-Exponential

e Kw-R —Kumaraswamy-Rayleigh

* GCEG— Generalized Complementary Exponential-Geometric
* GCRG — Generalized Complementary Rayleigh-Geometric

e GW — Generalized Weibull

* ECEG — Exponentiated Complementary Exponential-Geometric
* ECRG - Exponentiated Complementary Rayleigh-Geometric
e EW —Exponentiated Weibull

e CWG — Complementary Weibull-Geometric




