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PROPULSION SYSTEM PROPULSION SYSTEM 
FOR FOR SoyuzSoyuz/ST/ST
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Starsem Organization

50-50 European-Russian joint venture providing Soyuz launch 
services for the commercial market
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ISO 9001 
Certification

Starsem has been 
certified ISO 9001:2000 
since November 2001
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• 1669 launches

• Sustained production

• Stepwise performance 

enhancements

• Unmatched reliability 1957: Sputnik -
First Satellite

1961: Y. Gagarin -
First man in space

2000: First 
Crew to ISS

2000: Cluster II
flights

1975: Apollo-
Soyuz mission

Soyuz Milestones

2001: Flight 
qualification of
upgraded FG
engines

1999: Globalstar -
First Starsem 
flights
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Soyuz-2-1a

Soyuz-2-1b

Overview

♦ FG engines for 1st and 2nd

stages: flight proven
♦ Digital control system: 

first flight mid-03

♦ ST fairing (∅∅ 4.11m, L 11.4m)
♦ Fregat upper stage upgrades

♦ Third stage engine upgrade 
available 3Q04
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RD 107/108 upgrade
(FG Engines)

Soyuz 4-m fairing

Fregat upgrades 

Soyuz 3rd stage
engine upgrade

Avionics
(Digital Control System)

Soyuz 3rd stage
structures upgrade

2001 2002 2003

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

2004

Q3 Q4

Mars Express

Soyuz-2-1a 
qualification flight

ISS / Progress
(FG flight #2)

ISS / Progress (FG flight #3)
ISS / Manned Soyuz (FG flight #4)

Q1 Q2

2005

Soyuz-2-1a 
qualification flight

Soyuz-2-1b 
qualification flight

Launch vehicle production
MetOp

Soyuz/ST Development schedule
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Third Stage PresentationThird Stage Presentation
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Third Stage Engine

♦ RD-0124 engine will replace the currently used RD-011O:

• Staged combustion cycle (compared to open cycle)

• 4 gimbaled (1 axis) combustion chambers

• Kerosene derivation for actuators feeding

• Sequenced shut-down to reduce transient loads on the stage
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Engine Principles and Heritage

♦ Development by KBxhA Company, located in Voronezh with 

a strong backing experience:

• LOX/Kerosene (RD-0110 for existing Soyuz third stage) 

• UDMH/N2O4 (RD-0210 & RD-0212 for Proton second stage)

• LOX/Hydrogen (RD-120 for Energia first stage)

♦ Staged combustion cycle based on LOX/LH2 & UDMH/N2O4 

engines:

• Two stage fuel pump and single stage oxygen pump 

• High pressure fuel pump

• Feeding pumps for kerosene and liquid oxygen

• Oxygen rich preburner 
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Engine Layout
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Engine Main Characteristics

♦ Chamber pressure: 15,69 Mpa
♦ LOX pump pressure: 36,3 MPa
♦ Fuel pump pressure: 36,3 Mpa / 47,1 MPa
♦ Turbine inlet pressure: 319 bar
♦ Turbine outlet pressure: 185 bar
♦ Turbine temperature: 973 K
♦ LOX mass flow rate: 56,7 kg/s
♦ Fuel mass flow rate: 23,9 kg/s
♦ Mixture ratio: 2,34
♦ Specific impulse: 357 sec
♦ Thrust: 294,2 kN
♦ Shut-down regime: 146,9 kN
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Engine Qualification (1/2) 

♦ Qualification philosophy based both on progressive element 
testing with a large number of engines and extensive hot-
fire test program:

• Combined main turbine and preburner tests without combustion 
chambers

• Addition of feed pumps

• Stepped introduction of combustion chambers (up to 4)

• As of April 2002, 62 tests were performed:
• 4 complete engines fired (with 4 chambers) 

• 7273 s cumulative firing duration

• 742 s with same engine (300 s continuous)

• 49 tests still to be performed:
• Nominal duration/nominal parameters

• Increased duration

• Parameter deviation
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QualificationEngine Qualification (2/2)

♦ Final qualification test by manufacturer

• based on 2 engines manufactured according to final definition

• 4 firing tests using nominal condition parameters

♦ Independent ground qualification (Flight authorization):

• based on 3 more similar engines

• 6 firing tests using nominal condition parameters

• Performed under the control of Keldysh Russian Academy

♦ Once qualified, production will be monitored through 

permanent sampling of production engines:

• to confirm design reliability

• to consolidate statistic database

• for manufacturing quality control
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Driving Parameters for Stage Design (1/3)

♦ Interchangeability with RD-0110 engine

• identical thrust (294.2 kN with shut-down regime at 146,9 kN)

• identical mechanical interfaces with third stage

• identical tank pressurization level (LOX = 4,75 bar, K = 2,5 bar)

♦ Specific impulse = 357 s (compared to 325 s)

• leads to increased burn duration (274 s, compared to 254 s)

♦ Mixture ratio = 2.34 (compared to 2,22)

• tanks volume modification:
• increased cylindrical section for LOX tank (850 to 1046 mm)

• hemispherical vessel replaces Ø2660 spherical tank for kerosene
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♦ Fuel and oxidizer tank pressurization:

• RD-0110: cooled gases derived from gas generator

• RD-0124: based on 5 helium vessels located into the LOX tank

♦ Control system identical to RD-0110 version:

• RD-0110: managed through digital control system

• RD-0124: identical to RD-0110 with S/W adaptations and 

upgraded command units

♦ Attitude control:

• RD-0110: rotation of 4 exhaust nozzles (±±45° around one axis)

• RD-0124: rotation of each main chamber (±±3.5° around one 

axis)

Driving Parameters for Stage Design (2/3)
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Current Soyuz Upgraded Soyuz

RD-0110 RD-0124RD-0110

Driving Parameters for Stage Design (3/3)
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Structures and Stage Layout Qualification

♦ Qualification of tanks and stage modifications is made using 
current engine version to authorize 2Q03 first launch:
• Static test sequence completed
• Dynamic tests with equipment mass mock-ups & RD-0110 

engine completed

♦ Stage upper skirt reinforcement for ∅∅ 4.11 m fairing design 
loads (2 testing stages) :
• Dynamic test sequence with new engine and components (RD-

0124, helium tanks,…)
• Limited static test sequence on a new reinforced third stage
• Reinforced design applied for 2Q03 launch

♦ Integration tests with new engine and components:
• validation of equipment overall layout (actuators, harness, 

etc…)
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QualificationStage Functional Qualification

♦ Cold test sequence to qualify ground preparation and 
procedures:
• Tank filling and drainage,
• Helium pressurization system,
• Stage and engine mock-up are available.

♦ Hot test sequence to qualify third stage overall performance:
• 3 firing tests of assembled stage with engine and sub-systems,
• Nominal flight duration (274 s),
• Utilization of live control system,
• Utilization of on-board pressurization system,
• Utilization of on-board engines activation units.

Final stage readiness for launch will be authorized after 
successful completion of the 3 hot-fire tests
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Mission Profile and Mission Profile and 
PerformancePerformance
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Soyuz Ascent Profile (Baïkonur)
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Soyuz Performance (Baïkonur)

♦ SSO Orbit (98,1°/700 km)
• Soyuz-2-1a: 4500 kg
• Soyuz-2-1b: 4800 kg

♦ GALLILEO (56°/23616 km)
• Soyuz-2-1a: 1420 kg
• Soyuz-2-1b: 1570 kg

♦ MOLNYA 12 hours (63,4° / 39100 x 1200 km)
• Soyuz-2-1a: 1990 kg
• Soyuz-2-1b: 2410 kg

♦ MOLNYA 24 hours (63,4° / 46340 x 25230 km)
• Soyuz-2-1a: 1120 kg
• Soyuz-2-1b: 1410 kg
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Soyuz performance for Super GTO
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ConclusionConclusion
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Conclusion

♦ The installation of the RD-0124 engine on the third stage 
minimizes the impact on the Soyuz launch system design:
• no modification of first and second stages
• limited number of adaptation of the third stage
• no modification of the launch pad
• available mid 2004

♦ The RD-0124 extends the Soyuz capability on all type of orbit

♦ Thorough ground qualification provides excellent opportunity 
for first flight


