“Phobos-Grunt” SPACECRAFT LAUNCH VEHICLES
To inject “Phobos-Grunt” SC into Earth space vehicle reference orbit, the use will be made of Zenit-2SB40 launch vehicle (LV) as a part of Zenit-M rocket space complex. The prime designer is KB Yuzhnoe State Enterprise (Dnepropetrovsk, Ukraine). The prime manufacturer is PO YUMZ State Enterprise (Dnepropetrovsk, Ukraine).

Zenit-2SБ40 LV is selected due to its power capabilities which completely comply with requirement for throw weight of “Phobos-Grunt” SC.

Zenit-2SБ40 launch vehicle consists of two stages. It is based on Zenit-2S LV of Morskoy Start complex in configuration with heightened power characteristics (implemented since LV No. SL16) and use of RD 171 M sustainer in stage 1.

Kerosene and liquid oxygen are used as propellant components.

Till now 72 type Zenit LVs have been launched, of those 65 were successful.

LV for launching “Phobos-Grunt” SC has the following features:

· Uncooled helium supply line to nose fairing and unused electrical connectors of OBCN are blanked off. 

· OBCN of CS and instrumentation was modified.

· Thermostating air inlet fairing on instrument module of LV was applied as in Zenit‑2SБ60 LV.

Zenit-2SБ40 launch vehicle consists of:

· Zenit-2SБ40 launch vehicle

· Space head which consists of:

· “Phobos-Grunt” SC

· adapter module

· nose fairing of 4100 mm dia and 10400 mm long.

Adapter module and nose fairing are developed and manufactured by Lavochkin Science and Production Association FSUE.

LV (launching weight is about 460 t.

“Phobos-Grunt” SC weight is about 12 100 kg.

Zenit-2SB LV will be launched from Baikonur launch site. 

To launch LV, the use will be made of the base direction with launch azimuth A=64.2° (i =51.4°) and dedicated impact areas of jettisonable part (JP) of stage 1 and nose fairing halves.

Characteristics of dedicated jettisonable part impact areas are specified in Table 1.

Table 1

	Jettisonable part of LV
	Distance from launch point, km
	Geographical centre coordinates
	Dimensions, km

	
	
	North latitude
	East longitude 
	in range
	in side

	Stage 1 JP 
	884 
	48°45’
	74°36’
	± 25
	± 15

	NF halves
	1924 
	51°19’36”
	88°36’
	± 55
	± 30


Technical area of LV (ТП 11П577) located on Baikonur launch site is used to prepare LV.
The powered flight phase of stage 1 of Zenit-2SБ LV takes place within about first 149 seconds of flight. Roll manoeuvre for aligning plane I-III with pointing plane starts at about 14th second of flight. Limitation of maximum rated longitudinal overload factor is ensured by selecting the engine throttling start time. Stage 1 JP impact area is located at the distance of about 884 km from the launch point in the Republic of Kazakhstan. The ground track is shown in Figure 1. Telemetry information on the stage 1 flight segment is received by the ground stations of Baikonur.

Stage 2 vernier engine starts before staging. After stages 1 and 2 are separated, the retro-engines of stage 1 and the sustainer of stage 2 start. The sustainer and the vernier engine work simultaneously during the next 5 minutes of flight, and then the sustainer of stage 2 is turned out. The vernier engine continues working for other 87 seconds. 

Nose fairing is released at 306th second of flight (157th second of flight of stage 2) on condition that it will fall in the area located at range of about 1924 km in Siberia. Value of free-molecule heat flow at the nose fairing release moment is equal to 35 W/m2.
Telemetry information on stage 2 flight segment is received by the ground stations of Baikonur and Krasnoyarsk.

As a result of work of the first two stages the reference orbit is formed with the following parameters:

· orbit inclination angle
51.4°

· perigee
200 km

· apogee
340 km

· perigee argument 
25.0°

· osculating period of rotation
1 h 29 min 55 s.

LV CS gives commands for releasing NF halves and separating SC from stage 2 of Zenit-2SБ LV. 

SC is separated at the altitude of 259 km over point 51.17°N and 106.46°E (approximately over Ulan-Ude).

Zenit-2SБ launch vehicle is shown in Figure 2.
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Figure 1. LV Impact Points and Ground Track 
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Figure 2. Zenit-2SБ Launch Vehicle

Basic characteristics of Zenit-2SБ40 LV are specified in Table 2.

 Table 2

	Basic characteristics
	Stage I 
	Stage II

	1. Launching weight of LV without payload [kg]
	446374
	92975

	2. Nose fairing weight [kg]
	-
	1680

	3. JP final weight [kg]
	32944
	9915

	4. Weight of propellant consumed in flight for thrust [kgf], including:

·  working propellant capacity

·  engine priming consumption
	320261

320127

134
	81103

81085

18

	5. Guaranteed  propellant capacity [kg]
	2400
	565

	6. Pre-launch propellant consumption [kg]
	1100
	118

	7. Rated thrust of engines in main mode (at Earth / in vacuum ) [tf]:

·  for sustainers

·  for vernier engine
	740 ( 806.4

- 
	- ( 93

- ( 8.1

	8. Rated specific impulse of engines in main mode (at Earth / in vacuum) [s]:

·  for sustainers

·  for vernier engine
	309.5(337.2
	- ( 350.5

- ( 342.8

	9. Rated consumption per second in main mode [kgf/s]:
·  through sustainers

·  through vernier engine
	2391.46

-
	265.34

23.629

	10. Rated propellant mass ratio in main mode:
·  for sustainers

·  for vernier engine
	2.63

-
	2.6

2.4


Notes:

1. Space head (SH) adapter weight of 390 kg is included in "dry" and final weight of stage 2 jettisonable part.

2. Value of stage 1 engine thrust is specified for centrelines of engine chambers parallel with LV centreline; when in operating position, centrelines of engine chambers are deflected by 4.5° in radial direction with nozzle exit away from LV centreline.

3. Additional axial thrust caused by interaction of jets of stage 2 engines is:

· +40 kgf when sustainer and vernier engine work

· + 24 kgf when vernier engine work independently.

KB Yuzhnoe conducts activities to adapt Zenit-2SB LV for “Phobos-Grunt” SC launch.

Adapter module

The adapter module provides mechanical and electrical connectivity of space head and launch vehicle. The adapter module is made of aluminium alloy and consists of external and internal load-bearing contours (Figure 3). The external contour represents a metal shell made of aluminium alloy and reinforced with longitudinal and transversal load-bearing elements. The internal contour consists of a tubular (truss) structure with upper ring frame. The external contour transmits loads to LV from the nose fairing, and the internal one transmits loads to LV from the spacecraft.

The adapter module carries the following:

· electrical connectors for connecting SH with LV 

· self-closing hatch cover for outlet of air of SH thermostating air system 

· telemetering system for monitoring external conditions of SH flying as a part of LV 

· telemetering system antennas 

· transit air duct of SH high-pressure air thermostating system 

· spacecraft separation system.

Structural access doors are provided in the adapter module for docking SH with LV.
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Figure 3. Adapter Module

Nose fairing

The nose fairing is used to protect the spacecraft being injected by LV against effect of incident aerodynamic flow and aerodynamic heat. NF is equipped with devices which make it possible to thermostate SH both in the course of transportation on the technical area (TA) and in the course of stay on the launch system (LS). In case of joint ground exploitation of SH on TA and LS, NF protects SC from meteorological effects (rain, snow, ice accretion, hail, wind, and dust).

The assembled NF represents a body of revolution consisting of a double cone nose, cylindrical part and back cone. NF consists of two halves connected to each other in longitudinal plane by mechanical locks and at cone nose of NF by spherical head fixed by pyro actuator.

Halves are riveted and contain longitudinal and transversal framework (stringers and frames) and skin which are connected to each other by means of rivets, bolts and coupling fittings. Skin and longitudinal and transversal framework of nose cone are made of aluminium-lithium alloy.

Before the payload is connected, NF is attached to the adapter module to increase passage diameter during encapsulation. The NF top is detached from the back cone along mechanical interface, the payload is attached to LV and then the NF top is attached again to the back cone and bolted to it through access holes.

To open NF halves after opening of longitudinal and transversal joints, NF has four ampoule-type pneumatic pushers, two on each half. Compressed air energy accumulated in these pushers is applied to turn the halves relative to rotation axes. One end of the pusher is hinged to the bracket rigidly mounted on NF, and the other end rests against the spherical socket on the adapter module. The pneumatic pushers are mounted under the local fairings to decrease aerodynamic drag. 

In the estimated time, voltage is applied to pyrocartridges of NF longitudinal and transversal joint opening mechanism by command from the control system. When the pyrocartridge operates, the pyro actuator rod moves forward under the influence of powder gases and breaks the calibrated nut neck. The head mechanically coupled with the rod moves, pulling the opening mechanism tie rods, turning the levers of the ball and lever locks and opening the longitudinal and transversal joint. When NF is manufactured, the lengths of tie rods are adjusted so that the first opened are the locks in the nose and then those in the middle and in the back of NF.

Then the halves opening pneumatic pushers mounted on the outside of NF at the longitudinal joint turn NF halves relative to the rotation axes of supports towards the outside. The additional moment for opening the halves is created by the spring pushers mounted in NF nose.

When each panel deflects by angle of about 52° from the initial position, the stops push the locks of supports and open them. To open the locks, the spring pushers located on the supports push off the adapter module and take the halves together with the supports aside from the object and LV; the bonding connecting each half with the adapter module at the support breaks, and the electric circuits connecting NF with the adapter module get disconnected.

The halves are provided with hatches which are used for work with SC, creating the necessary thermal The hatch covers are fastened with captive bolts, except for two TCS air inlet hatches which have quick-closing covers.

The following sensors are installed on NF for monitoring NF performance:

· temperature sensors monitoring temperature on NF skin surface and inner surface of heat insulation 

· acoustic sensors detecting sound pressure level on fairing surface and in space under fairing

· sensors detecting separation of NF halves from adapter module 

· sensors detecting pressure under fairing.

NF release elements are controlled by LV control system. Electrical connection of actuators of release system with LV control system devices is ensured through the umbilical connector mounted on the adapter module in area of attachment of fairing supports. 
In the powered flight phase, NF nose cone is exposed to aerodynamic heating. The external surface of the nose cone is coated with heat-shield coating ТТП-БС(Л) to protect the structure from heating and to provide thermal conditions for the object under NF.

A coat of polyurethane foam heat insulation of 20 mm thick is attached with adhesive to the inner surface of NF to provide the spacecraft temperature conditions for ground operation within SH, during launch and in flight. The inner surface of heat insulation inside NF and protruding longitudinal framework (stringers) are covered with lining material which is attached with adhesive to the structure.

The external surface is coated with special coating to protect NF from corrosion and provide necessary thermooptical coefficients.

All structural items of NF are bonded to bring all NF parts to the same electric potential. Grounding points are provided on the halves of the cylinder and back cone at the end frames to drain static electricity charges during operation and storage of NF on ground.

The nose fairing is shown in Figures 4 and 5 [1]. 

The means selected for injecting “Phobos-Grunt” SC allow to completely solve all the project tasks.
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Figure 4. “Phobos-Grunt” SC Nose Fairing
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Figure 5. “Phobos-Grunt” SC Nose Fairing. Inside View
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