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THE STUDY OF SYNTHETIC ANALYSIS
ON DESIGN RELIABILITY OF LIQUID
ROCKET ENGINE

Kuang Wuyue Tan Songlin
(Shaanxi Engine Design Inst. , Xi'an, 710100)

Abstract: A synthetic analysis on design reliability of liquid rocket engine is presented. A
rigorous yet practicable approach for evaluating engine reliability during the conceptual study phase is
put forward. The approach uses the proven reliability methods of reliability modeling analysis, Failure
Modes and Effects Analysis (FMEA), failure data analysis and Fault Tree Analysis (FTA) to estimate
the probability of mission success at the vehicle level for different engine designs. An example is
provided, in which the approach is used to evaluate a engine design concept.
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Fig. 1 Engine reliability block diagram
1. Electroexplosive cartridge 2. Start cartridge 3.Charge 4. Injector 5. Combustion chamber 6. Gas duct
7. Start valve 8. Main valve 9.Check valve 10.Regulator 11.Oxidant pump 12. Fuel pump 13. Sealing device
14. Turbine 15. Injector 16. Combustion chamber 17. Nozzle
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Table 1 Failure analysis

No. Failure mode Critical components Worst case
1 Out-leaks Joints, welds, cracks Crit. 1

2 | In-leaks Rotary seals, static seals, valve seats Crit. 1

3 Wear/Erosion Ball bearings, blades, injectors, posts, seals, seats, impellers Crit.‘ I

4 Cracks Blades, injectors, posts, bellows, welds, brazes Crit. 1

5 Fatigue Blades, injectors, posts, bellows . : Crit. 1




12

# o# R

1997 &

Continued table 1

No. Failure mode Critical components Worst case
Binding Ball bearings, calves Crit. I
Spelling Ball bearings Crit. I
Blockage Tubes, channels, orifices Crit. [

9 Thermal cycling Blades, enfolds, combustion chamber wall, hot gas ducks Crit. 1
10 | Foreign material ~ Injectors, turbopump, control orifices Crit. 1
Table 2 Engine assembles reliability
What's Reliability What's Reliability
Thrust chamber 0. 99946 Gas generator 0. 99961
Oxidant isolate valve 0. 99860 Solenoid valve 0.99993
Fuel isolate valve 0. 99996 Solid start cartridge 0. 99806
Oxidant pump 0. 99802 Gimbals bearing 0. 99993
Fuel pump 0. 99804 Heat exchanger 0. 99923
Oxidant main valve 0. 99972 Propellant line 0. 99999
Fuel main valve 0. 99972 Gimbals bellows 0. 99980
Start valve 0. 99996 Hot gas ducks 0. 99980
Check valve 0. 99996 Manifolds 0. 99991
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Fig. 2 Fault tree for mission
El1 Failure to start for solid start cartridge E2 Internal leaks in
rotary seals E3 Binding in orifices E4 Cracks at turbine blades
E5 External leaks in turbine stator E6 Wear in turbopur_nb bearing
E7 Internal leaks in valve E8 External leaks in hot gas ducts
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