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3. Extended Stochastic Petri Nets(ESPN)
4. Switched Reluctance Motor Drive(SRD)
5. Switched Reluctance Motor(SRM)
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8.Cooling pump supply(ICP)
9 Speed and Monitoring Computer (SMC/APC)
10. Heat exchangers
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Abstract: Permasyn motor is a permanent magnet synchronous motor that is used
in the electric propulsion system of boats [2]. From the point of view of reliability,
this system is a mission-oriented system and needs flawless performance during the
mission. In this article, firstly, the structure of Permasyn engine was explained and the
product failure structure was drawn. Due to the mission-oriented nature of this
system, 2times scenarios and point mode of operation were defined for this system.
The failure rate for sensitive parts was calculated and determined in two optimistic
and pessimistic modes. Using the failure structure, the relationship of each of the
system components was determined and RBD was drawn in the Reliability
Workbench software [3]. Finally, the reliability of the subsystems and the system was
calculated separately for both work scenarios. The results show that drive and motor
subsystem in rated power has the lowest level of reliability compared to other
subsystems.

Key words: Reliability, Permasyn engine, analysis of failure states and effects,
reliability block diagram, failure rate.

Aim and Introduction

Permanent magnet synchronous motors with high efficiency (in a wide range of
output power), high power density, minimal losses (due to the absence of the
excitation system and the resulting losses), small volume and weight, high reliability
at high speeds, minimal Ripple output torque, low repair cost, etc., which is widely
used in military, automotive, medical, etc. This system is widely used in military
industries, especially in the electric propulsion system of vessels, and due to the
nature its sensitivity, low failure rate and high reliability are expected from this
system [2]. Comprehensive and detailed studies on the reliability of this system can
be a step towards improving its performance. Pay attention to reliability, especially in
the case of systems that are in functional conditions. They work hard, including
military systems, it is very important. To evaluate the reliability of systems, there are
two methods called analytical methods and computer simulation, and the most
important analytical methods can be called the reliability block diagram method and
the failure tree analysis method [1]. But considering that the mentioned system
includes special components that due to the design requirements, functional and
technical limitations on the one hand and supply limitations, not having access to
accurate information on the failure rates of most components and their reliability on
the other hand, providing a method to estimate and Reliability assessment is
essential.
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Methodology

The studied system is a 12-phase permanent magnet synchronous motor (Permasyn
motor) manufactured by Siemens, Germany, which is used in the electric propulsion
of ships [2]. According to the studies conducted in the background section of the
research due to the extent and complexity of the system in question, in this article the
RBD method is chosen as the best method for evaluating and modeling the reliability
of the system. Since the system studied in this article is in the design stage and as a
new product, the impossibility of testing many components and the lack of access to
failure rates in the functional environment on the one hand and the use of various
and heterogeneous industrial parts, High cost, limitations in supply and component
failure analysis tests, standards such as Mil-217, NSWC, NPRD-95 have been used to
determine the failure rate.

In this article, using the system failure structure, we evaluate the reliability of 4 main
subsystems of engine, drive, cooling and control and monitoring in 2 working
scenarios (based on floating performance) using the RBD method [4]. Due to the
mission-oriented nature of the studied system, 2 times scenarios and point
performance mode based on floating performance will be defined for this system.
However, the failure rate in each scenario will be different for some sensitive parts,
which will need to be calculated using the Mil-217 standard [5]. Also, due to the lack
of access to the failure rate of some parts, using the NPRD-95 standard and the
catalog of valid manufacturers, we determine the failure rate in two intervals, the
most optimistic and the most pessimistic. Finally, by identifying the operating
principles of systems and subsystems, the reliability block diagram will be drawn in
the Reliability Workbench software. By determining and calculating the failure rate
based on the work scenario for each of the system components, the reliability of
Permasyn engine subsystems is calculated for both work scenarios.

Findings

Permasyn engine reliability for each subsystem — first scenario

Table 1: Permasyn engine reliability for each subsystem — first scenario

Control ]
AHETE and EEETIE drive | motor | parameter | level
control L
monitoring

0.9986 0.99998 0.9925 | 0.977 | 0.985 | Rpessimistically 1
0.9995 0.9999 0.9999 | 0.9918 | 0.988 | Roptimistically
0.9997 0.999 0.99999 | 0.9904 | 0.995 | Rpessimistically 2
0.9999 0.99 0.9999 | 0.9963 | 0.996 | Roptimistically
0.9996 0.9999 0.99994 | 0.9996 | 0.99 | Rpessimistically 3

0.999 0.999 0.999 0.999 | 0.992 | Roptimistically
0.9986 0.9999 0.9925 | 0.977 | 0.985 | Rpessimistically 4
0.9995 0.99999 0.9999 | 0.9918 | 0.9886 | Roptimistically
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Table 2: Permasyn
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engine reliability for each subsystem — second

scenario
Manual Control
and cooling | drive | motor parameter | level
control o
monitoring
0.99691 | 0.99973 | 0.998688 | 0.8661 | 0.9364 | Rpessimistically )
0.9985 0.99998 0.9969 | 0.974 | 0.95 | Roptimistically
0.92076 0.868 0.6081 | 0.2983 | 0.3624 | Rpessimistically v
0.96079 | 0.93523 0.84114 | 0.7863 | 0.4498 | Roptimistically

Table 3-Reliability and failure rate of the entire Permasyn

engine - the first

scenario
imisti -6 imisti -6| Power and operating hours
ROptimisticaII‘ Rpessimisticallyx Optimistically (10 A pessimistically (10 level
(kw)
0.994 0.993 40.518 51.64 (hYe)ro. 1
0.985 0.968 116.28 254.89 (M Ye)ors
0.993 0.986 140.14 278.73 UEDIEEE 2
0.992 0.989 40.15 51.918 (UAREDARE 3
0.994 0.993 40.518 51.64 (hhve)ro. 4
0.985 0.968 116.28 254.89 (hY2y -
0.29 0.068 60.73 134.4 (hYereo) oo
0.899 0.81 140.62 280.3 (hves)yees

Table 4:Reliability and failure rate of the entite Permasyn engine - the second

scenario
A A Power and
Roptimistically | Rpessimistically | Optimistically pessimistically operating hours | level
(10°) (10°) (kw)
0.29 0.068 60.73 134.4 (GARREE)ARE
0.899 0.81 140.62 280.3 (hYo) ees

Discussion and Conclusion

According to the calculations in the first and second scenario, steps 3 and 1,
respectively, have the highest level of reliability.
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Figure 1: the first scenario
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Figure 1: the second scenario

By calculating the reliability of the whole system, the highest failure rate
in the power mode less than 500 kW is related to the engine subsystem
and for the power mode greater than 500 kW, it is related to the drive
subsystem.
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