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Abstract

Achieving to new technologies with high reliability, along with reducing the cost and time of
the design cycle, is one of the most important challenges in complex systems. In this paper,
reliability-based design of a space system is discussed in the conceptual design phase. Normally,
there are eight steps in the design for reliability. The eight steps applied for the liquid propellant
engine with electro-pump technology included: planning, determination of failure modes;
reliability modeling; reliability allocation; propagation of uncertainty; Implementation of the
chosen method in reliability analysis; reliability prediction and reliability evaluation. Therefore,
this research has been performed to achieve the methodology to implement the mentioned steps
of reliability design in the conceptual design phase of a space system.

Keywords: Complex systems, Space systems, liquid propellant engine, Electro-Pump-Fed Engine,
Reliability, Implementation steps, Conceptual design

1. Introduction

In the field of designing liquid fuel engines, various

researches have been carried out, and the related research

can be classified into three groups [1-3]:

A- Optimal design, as an optimization of propulsion
system; including: liquid fuel engine, propellant, tanks
and pressure system;

B- Design with the aim of achieving reliability, by
assigning reliability to propulsion subsystems, can
achieve the optimal reliability of the propulsion system;

C- Reliability based design, using specific design steps,
can achieve the design objective functions with specific
reliability; in this group, propulsion subsystems, all
combustion chamber parts, gas generators, injectors,
turbines and pumps and so on.

2. How to implement and implement design
based on reliability
As shown in Figure 1, the implementation steps of the
reliability-based design in the conceptual design phase are
shown. Typically, in reliability-based optimization, there
are eight steps in the following order:
e  Planning;

e Implementation of the selected method;
e  Predictability of reliability;
o Reliability assessment.
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Figure 1: Reliability based Design algorithm of electro-
pump propulsion

Step 1: Planning for Reliability-based Design
The first step in reliability-based design is reliability

Determination of failure modes; planning. Typically, at this step, the next steps of the process
e Reliability modeling; are outlined. Also in this step, activities such as detection of
e Reliability allocation; the type of uncertainty in variables, type of variable and type
e  Spread of uncertainty; of distribution should be performed.
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3. Step 2: Determine Failure Modes

There are different approaches to identifying the failure
modes of a system. The approach of using the FMEA, the
approach of identifying design constraints, the approach of
using the bank of lessons learned, the approach of using the
knowledge of experts and etc. In this research, while
introducing the FMEA, considering the conceptual design
phase, the approach of identifying design constraints has
been used.

4. Step 3: The third step: modeling the
reliability of the electro-pump

This step, focuses on introducing the different methods of

reliability allocation, and then introducing the reliability

allocation of the electro-pump.

5. Step 4: Allocation of the reliability of the

electro-pump

This step, focuses on introducing the different methods of
reliability allocation, and then introducing the reliability
allocation of the electro-pump.

6. Step 5: Propagation of uncertainty

The fifth step in the reliability-based design of the electro-
pump engine is the propagation of uncertainty. The purpose
of uncertainty propagation is to calculate uncertainty in
random variables.

7. Step 6: Implementation of the selection

method in uncertainty
The sixth step in the reliability based design of electro-
pump engine is to implement the selection method in
uncertainty propagation. This step, which is done after
choosing the correct method in uncertainty propagation. It
should be done correctly so that the error caused by the
implementation of the method is minimized.

8. Step 7: Predict electro-pump reliability

In general, reliability prediction methods are divided
into two categories: the first, based on system failure
rate modeling, and the second is based on simulation of
failure probability through the cumulative probability
density function. One of the most important probabilistic
methods can be mentioned as follows:

Reliability analysis orderl and 2 methods, simulation or
sampling method, alternative models (pseudo-models)
and hybrid methods.

9. Results and Discussion
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Figure 2: The relationship between special impulse index
and reliability in electro-pump feeding system
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Reliability analysis of electro-pump in ARSM-DS method
with specific impulse limit functions, mass ratio and both
limit functions are shown in Figures 2 and 3, respectively.
As long as the specific impulse is 320 seconds, the
reliability is one. As the specific impulse increases to 343,
reliability changes to 0.9997. With a 3.5% increase in
specific impulse, reliability decreases to 0.967. In the
following, with a 4% increase in the specific impulse and
reaching the maximum specific impulse (366.5 seconds),
the final speed increases by 4%.
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Figure 3: Relationship between mass ratio index and
reliability in electro-pump feeding system

10. Conclusions

In this research, the implementing of reliability based
design method in the conceptual design phase of a space
system was presented by using specific steps. The eight
main design steps were stated based on the reliability of the
electro-pump liquid fuel engine.

In reliability allocation, eight common methods were
introduced and two methods selected and were
implemented in the electro-pump engine. It was observed
that both methods reached 0.997 in assigning reliability. In
reliability evaluation, ARSM-DS method with special
impulse limit functions, mass ratio was used. It was
observed that as long as the specific impulse of the engine
is 320 seconds, the reliability is one.

With a 3.5% increase in specific impulse, reliability
decreases to 0.967. As the final speed increases from 9650
to 10100 m/s, the reliability decreases from 0.984 to 0.475.
The reason for this significant reduction is the approaching
of the breaking point to the optimal point (maximum
specific impulse and minimum mass ratio). With a 7%
increase in final speed, i.e., changing the final speed from
9000 to 9650 m/s, the reliability changes up to 0.984.
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Total number of samples: 1000
Samples to be computed in 3
parallel:
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1. Optimization algorithm

Optimization algorithm used: NLPQL
2. Optimizer settings

Desired accuracy: 0.0005

Differentiation scheme: Central

Differentiation step size: 0.01

Maximum number of solvers runs: 10000

Number of parallel line searches: 1

ARSM-DS 35, 5 o sl ks — A Jgaz

1. Directional sampling

Number of directions: 1000
2. metamodel

Number of supports in 1st step: 200

Scaling factor in 1st step: 3

Number of supports in per step: 50

Number of steps: 3
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