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Alternative Analysis of Reliability Design

using Redundancy Technique
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1) LIG Nexl, 2) Army Logistics Command

Abstract : In this paper we proposed the alternative analysis of reliability design using redundancy technique.
First, we presented the process for establishing the reliability design alternative analysis process considering
the active redundancy and the standby redundancy. and then, the case analysis of A driving equipment was
performed in accordance with the reliability design alternative analysis process presented. In case the series
reliability design result is not met with the reliability target value. so, the target item for redundancy design
of A driving equipment were selected as items with a severity of two or higher. The redundancy design
applied with active and standby redundancy techniques were analyzed using BlockSim software. As a result,
it was analyzed that reliability design to active redundancy with one of two elements required for A driving
equipment is the most efficient compared to the target value of reliability. The results of this study can be

usefully used before the reliability design is performed.
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[Figure 1] Reliability Block Diagram for Series
System
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[Figure 2] Reliability Block Diagram for Active
Parallel System
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[Figure 3] Reliability Block Diagram for
Standby Parallel System
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{Table 1> MTBF for Components of A Driving Equipment

. Failure Rate
Components | QUANHILY | iy ros/106hrs)|  MTEF (07
Main Control 1 20.890052 47,869.675
Assembly
Driving
Equipment 1 34.995823 28,574.839
Assembly
Power 1 16.956390 58,974.817
Assembly
Mother Board 1 6.739774 148,372.928
Assembly
Power
Connection 1 0.188409 | 5,307,602.078
Assembly
Coupler 1 0.175832 | 5,687,246.918
Assembly
EMI Filter 1 0.178682 | 5,596,534.626
Assembly
Housing 1 0.227030 | 4,404,704.224
Assembly

v

Start Main Control Driving Power Mother Board
Assembly Equipment Assembly Assembly
Assembly

End Housing EMI Filter Coupler Power

Connection
Assembly

Assembly Assembly Assembly

[Figure 5] Reliability Block Diagram of Series
Design for A Driving Equipment

(Table 2> Reliability Trend Value by Year with Series
Design

Reliability by Year (%)
ITEM
1 2 9 10
gD.riVi“g 95.58 | 91.35 | - | 66.55 | 63.61
quipment
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Reliability vs. Time
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[Figure 6] Reliability vs Time of Series Design

R(t=5630) 0.636111

[Figure 7] Reliability Value for Series Design at Ten
Years

A TR 109 Aol AE = AF =
RS 13 73 o] oF 63.61%°|t} o] 41F
5 EE 3 90%el SR ok Al A

o PAH AT

I

2.3.3 2|EEA &7 tjdE= dd

2320 A FERA) APUAZE NEE =
e WS La) Mol AHRAE D@
X HAE STl AR FAA
| heh, A TEAA Y JREA A o
AN ¥ 3& A TERA P43

(Severity) §3 @ Q¥ paizle] 7

> b

ofN Hr Hdo px O
o 2
1 o
o
ot
O

£

ol
38
i
do

%

rl
4z
fol
=
rO
o
=
flo
=
o
-
M

o7 Mg3ch

2IEEA 7S &8 MY dA et =24 5



AIZBAXUOT HSX H173 12, 2021.

(Table 3> Severity Classification of A Driving Equipment

Components g:tve Z%g Details Remarks
Main Control loss of Require
Assembl | Critical mission design
¥ objectives review

Driving loss of Require
Equipment | II | Critical mission design
Assembly objectives review
Power loss of Require
Assembl | Critical mission design
¥ objectives review

Mother Board degradation to| No design
Assembl IIT [Significant mission review
¥ objectives required

Power degradation to| No design
Connection | III |Significant mission review
Assembly objectives required

Coupler degradation to| No design
Asseﬁl bl IIT |Significant mission review
¥ objectives required

EMI Filter loss of Require
Assembl | Critical mission design
¥ objectives review

Housin no loss to No design
Assemb% IV|  Minor mission review

Y objectives |required at all
2.3.4 2[HHA| 7|'HE &8¢ct dA I =4
2.3.41 53 HE AAH(0|53)
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[Figure 8] Reliability Block Diagram of Active
Redundancy Design with One of Two Elements
required for A Driving Equipment
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[Figure 9] Reliability vs Time of Active
Redundancy Design with One of Two Elements
required

(Table 4> Reliability Trend Value by Year with Active
Redundancy Design(one of two elements required)

Reliability by Year (%)
ITEM
A Driving
Equipment 99.53 | 98.94 92.23 | 90.98

R(t=5630) 0.909836
o T

[Figure 10] Reliability Value for Active Redundancy
Design with One of Two Elements required at Ten

Years
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Main Control Driving Pawer
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Main Control Driving Board
Assembly Equipment Assembly
Assembly
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EMI Filter
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Assembly Assembly Assembly Connection
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[Figure 11] Reliability Block Diagram of Active
Redundancy Design with One of Three Elements
required for A Driving Equipment
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[Figure 12] Reliability vs Time of Active Redundancy
Design with One of Three Elements required

0.6

(Table 5> Reliability Trend Value by Year with Active
Redundancy Design(one of three elements required)

Reliability by Year (%)
ITEM T z 5 T
A Driving
Equipment 99.59 | 99.17 95.79 | 95.21

R(t=5630) 0.952056
—————p—rpr—————

[Figure 13] Reliability Value for Active Redundancy Design

with One of Three Elements required at Ten Years
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[Figure 14] Reliability Block Diagram of Standby
Redundancy Design with Two Parallel Elements

required for A Driving Equipment
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[Figure 15] Reliability vs Time of Standby
Redundancy Design with Two Parallel Elements




{Table 6> Reliability Trend Value by Year with Standby
Redundancy Design(two parallel elements)

Reliability by Year (%)
e 1 2 -] 9 10
SD.fiVing 99.56 | 99.06 | - | 9418 | 93.32
quipment

[Standby Redundancyfwo paraliel clements)

R(t=5630) 0.933174
o [T ——

[Figure 16] Reliability Value for Standby Redundancy
Design with Two Parallel Elements at Ten Years
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[Figure 17] Reliability Block Diagram of Standby
Redundancy Design with Three Parallel Elements
required for A Driving Equipment
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[Figure 18] Reliability vs Time of Standby
Redundancy Design with Three Parallel Elements

{Table 7> Reliability Trend Value by Year with Standby
Redundancy Design(three parallel elements)

Reliability by Year (%)
20 1 2 [—-] 9 10
é“?ri"ing 9959 | 99.18 | - | 96.25 | 95.81
quipment

[Standby Redundancythree parallsl slements)

R(t=5630) 0.958143

[Figure 19] Reliability Value for Standby Redundancy
Design with Three Parallel Elements at Ten Years
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[Figure 20] Results for Reliability Block Diagram by
Cases

{Table 8> Priority Results for Redundancy Design

Redundancy | Reliability Design .
Design Value Cost Complexity Priority
Active

Redundancy

(one of two 90.98% Low Medium 1
elements
required)

Active

Redundancy
(one of 95.21% High Medium 3

three elements

required)

Standby

Redundancy | g3 300, | Medium | High 2

(two parallel

elements)

Standby

Redundancy Very .

(three parallel 95.81% High High 4

elements)
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