Spacecraft components
“Phobos-Grunt” space complex is being created on the basic of newly developed unified multi-purpose module intended for solving of number of fundamental and applied tasks of planetary explorations.
Spacecraft includes the following components:
- 
Insertion sustainer with jettison tank unit intended for generation of center-of-mass velocity pulses at insertion stage of spacecraft from artificial Earth's satellite orbit formed by launch vehicle to departure trajectory.

- 
Flight module which is the main structure element which provides spacecraft operation control at all operation stages except for launch stage of return vehicle from Mars to the Earth.

- 
Return vehicle which provides control at launch stages from Phobos surface and Mars-Earth transfer, formation of trajectory of entry the Earth’s atmosphere.

- 
Descent module or descent vehicle intended for braking of sealed container with Phobos soil samples in the Earth's atmosphere and landing on the Earth.

The main characteristics of “Phobos-Grunt” spacecraft are given in Table 1. 
Schematic diagram of automated space complex is given in Figure 1.
Figure 2 shows how “Phobos-Grunt” spacecraft is arranged on launch vehicle; spacecraft decomposition diagram  ̶  Figure 3; Figure 4  ̶  “Phobos-Grunt” spacecraft general view in stowed position, Figure 5  ̶  in operating position.
Table 1. The main characteristics of “Phobos-Grunt” spacecraft
	Parameter
	Value

	Spacecraft weight at launch
	13 500 kg

	Weight of scientific equipment
	50 kg

	Launch vehicle + upper-stage rocket
	Zenith-2 + truss sustainer

	Launching site
	Baikonur

	Date of launch
	2011  (November)

	Active existence life
	3 years

	Probability of spacecraft faultless operation
	≥0.93

	Guaranteed life
	4 years 9 months

	Power:
- Flight module
- Return vehicle
	1 kW
0.3 kW

	Type and area of solar battery:
- Flight module
- Return vehicle
	Gallium-arsenide, 8.9 m2
Gallium-arsenide, 1.64 m2

	Battery type and capacity:
- Flight module
- Return vehicle
	Nickel-hydrogen, 50 Ah 
Nickel-metalhydrid, 10 Ah

	Service channel transmission speed
	up to 16 kbit/s

	Onboard radio complex frequency band 
	X-band
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Figure 1. Schematic diagram of automated space complex
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Figure 2. “Phobos-Grunt” spacecraft arrangement on launch vehicle
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Figure 3. "Phobos-Grunt" spacecraft decomposition diagram
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Figure 4. Jettison tank unit
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Figure 5. “Phobos-Grunt” spacecraft in operating position
Flight module
Flight module is the main structural element of spacecraft which provides control over it operation at all operation stages except for return.
Flight module consists of the following main systems:
- Onboard control complex;
- Onboard radio complex;
- Antenna-feeder system;
- Power supply system;
- Thermal control system.
Flight module concept is based on multi-level module principle.   Flight module is created as 
packaged autonomous setting designed for independent ground experimental implementation and autonomous standard operation.
Strength element is a case-adapter between insertion propulsion plant and flight module
propulsion plant.
The second-level modules are unified eight honeycombs with devices installed on them. The number of honeycombs is specified due to maximum use of adapter area but here panel dimensions is enough for installation of single devices.   Panels are adaptive modules which allow to install different devices using embedded elements.
Modular decomposition diagram of flight module is given in Figure 6.
The main characteristics of flight module are given in Table 2. General view of flight module is given in Figure 7.
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Figure 6. Decomposition diagram of “Phobos-Grunt” spacecraft flight module
Table 2. The main characteristics of “Phobos-Grunt” spacecraft flight module
	Parameter
	Value

	Spacecraft weight at initial Mars orbit
	1750 kg

	Spacecraft weight at landing on Phobos
	1250 kg

	Navigational accuracy
	0.5 arc minutes

	Stabilization rate
	0.005 ang.deg/s

	Communication system band
	X-band

	Booster thrust
	1600 H

	Specific pulse
	307 s

	Number of boosters:
- Small boosters
- Correction boosters
	20
4
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Figure 7. General view of flight module
Return vehicle
Return vehicle is intended for launching to the Earth and Mars-Earth transfer with landing the descent vehicle with Phobos soil samples to the Earth.
To minimize the mass which is the most critical for this module, return vehicle is designed as a monoblock unit where the main structural element is propulsion plant which provides launch from Phobos surface and return vehicle insertion into Earth transfer trajectory, correction of Mars-Earth interplanetary trajectory, and condition of descent vehicle entry the Earth's atmosphere. Return vehicle consists of the following main systems:
- Onboard control complex;
- Onboard radio complex;
- Antenna-feeder system;
- Power supply system;
- Propulsion plant;
- Thermal control system.
The main characteristics of “Phobos-Grunt” spacecraft return vehicle are given in Table 3.
General view of return vehicle is given in Figure 8.
Table 3. The main characteristics of “Phobos-Grunt” spacecraft return vehicle
	Parameter
	Value

	Descent vehicle weight at launch
	287.5 kg

	Descent vehicle weight while transferring to the Earth
	146 kg

	Navigational accuracy
	0.5 arc minutes

	Stabilization rate
	0.005 ang.deg/s

	Communication system band
	X-band

	Booster thrust
	100 H

	Specific pulse
	297 s
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Figure 8. General view of return vehicle
Descent vehicle
Descent vehicle (Figure 9) is intended for braking of sealed container with matter samples  in the Earth's atmosphere and landing on Earth.
One of the main stages of “Phobos-Grunt” mission is landing of descent vehicle with Phobos samples to the Earth, its detection and evacuation that imposes high demands on reliability both of descent vehicle systems and its detection system.  Descent vehicle has a form which aerodynamic characteristics are quite well studied.
Descent vehicle brakes in the Earth's atmosphere only due to aerodynamic drag without using the parachute system.
Descent vehicle weight while entering the Earth's atmosphere is 7.5 kg.

Volume of Phobos soil samples is 100 cm3 
Glass fiber = 1.71 g/cm3
Cord to load the capsule
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Figure 9. Descent vehicle
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