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Annex H  (normative)
Propulsion subsystem or system user manual (UM) - DRD

H.1 DRD identification

H.1.1 Requirement identification and source document

This DRD is called from ECSS-E-ST-35, requirement 4.11a.

H.1.2 Purpose and objective

The objective of the user manual (UM) is to provide the instructions and procedures for the use of a propulsion system or subsystem.

The UM is prepared based on the applicable specifications and requirements documentation.

H.2 Expected response

H.2.1 Scope and content

<1> Introduction

a. The UM shall contain a description of the propulsion system, purpose, objective, content and the reason prompting its preparation.

<2> Applicable and reference documents

b. The UM shall list the applicable and reference documents in support to the generation of the document.

<3> Terms, definitions, abbreviated terms and symbols

c. The UM shall use the terms, definitions, abbreviated terms and symbols used in ECSS-E-ST-35.

d. The UM shall include any additional term, definition, abbreviated term or symbol used.

<4> Summary and understanding of the user manual

<4.1> Overview

e. The UM shall include and summarize the activities covered in it and introduce its terminology. 

f. The UM shall include a discussion of the understanding and clarification of the requirements 

g. Reference shall be made to the applicable design definition file, inclusive its revision status.

h. If the UM is split into several volumes, each volume shall clearly cross-reference the other volumes, including their revision status and relation to the applicable design definition file.

<4.2> Coordinate systems

i. The UM shall describe the coordinate systems used in the propulsion system or subsystem.

<5> Activities during mission life

<5.1> Delivery

j. The UM shall describe all technical activities that are related to the delivery of the propulsion system or subsystem. 

k. The UM shall include a recommendation that at least one copy of the UM is delivered with the hardware.

<5.2> Unpacking and packing

l. The UM shall describe the technical activities for unpacking, the conditions to be met during unpacking, the precautions and safety procedures to be implemented when unpacking the propulsion system or subsystem.

m. If packaging material is maintained for reuse, the UM shall describe the handling and storage of packaging material.

n. The UM shall describe the technical activities for packing, the conditions under which packing takes place, the precautions and safety procedures to be implemented during packing of the propulsion system or subsystem and the installation and activation of special recording, measurement or conditioning systems.

NOTE  For example, temperature and shock registration, pressurized containers, and relative humidity.

o. The UM shall describe the packaging materials, tools and special devices to be used
NOTE  For example, pressurization equipment.

<5.3> Incoming inspection

p. The UM shall:

1. Summarize the incoming inspection activities.
2. Refer to the applicable incoming inspection procedures.
3. Address storage and maintenance.
q. The UM shall: 

1. Describe the conditions under which the propulsion system or subsystem can be stored and maintained during storage.
2. Address specific storage conditions and the position in which the items are to be stored.
NOTE  Example of such conditions are pressurized containers, relative humidity, grounding, cleanroom conditions, temperature controlled conditions, and measurements during storage.
3. Describe operations to perform during storage, describing measures that ensure that items do not exceed the maximum storage time and procedures in case this time is nevertheless exceeded.
NOTE  Example of such operations are changing the position of a solid motor periodically.

4. Include requirements for the storage conditions to meet the local safety regulations.
5. List all activities to be performed in order to maintain the propulsion subsystem or system in a good condition.

NOTE  For example, rotating turbo-machinery periodically to avoid sticking of seals.

<5.4> De-storage

r. The UM shall:
1. Describe the conditions under which the propulsion subsystem or system can be taken out of storage.
2. Specifically describe the

(a) tools and equipment to be used,

(b) safety measures to be implemented,

(c) operations to be performed, and

(d) disposal of specific storage equipment.

<5.5> Integration and installation

s. The UM shall describe:

1. The procedures, the precautions, the safety procedures to be implemented and the under which integration activities of the propulsion subsystems and systems or installation of the propulsion system in the satellite, spacecraft or stage take place.
NOTE  Example of such conditions are conditions humidity, cleanroom, and temperature. 

2. The procedures and the order of integration or installation if the propulsion subsystem or system is delivered in several parts.
3. All interfaces with the propulsion subsystem or system.

<5.6> Ground operation

t. The UM shall describe:

1. The conditions under which the propulsion subsystem or system can be operated, including mechanical and electrical procedures, and special procedures for priming.
2. Limitations of the propulsion subsystem or system.
3. The applicable operational procedures for the propulsion subsystem or system.
4. Under what conditions refurbishment after ground operations is required and describe the procedures for refurbishment.
5. The safety measures for the operation of the propulsion subsystem or system.

NOTE  1
In special cases the propulsion subsystem or system can be operated to obtain information not pertaining to the propulsion subsystem or system itself.

NOTE  2
The lifetime of a propulsion subsystem or system can be subject of the analysis report performance (AR-P).

<5.7> Tests and verification

u. The UM shall list all activities that are related to testing and verifying integrated propulsion subsystems or systems, according to the AIV, test procedure and test specification in accordance to ECSS E-ST-10-03.

v. The activities specified in H.2.1<5.7>a shall be summarized and cross-referenced. 

w. The UM shall summarize and cross-refer the verification activities performed according to the verification control document (VCD).

NOTE  For the VCD, see ECSS-E-ST-10-02.
x. The UM shall include the tests to be performed.

y. The UM shall include the verification activities to be performed, when these verification activities are required and the conditions to perform them.

NOTE  The lifetime of a propulsion subsystem or system can be subject of the analysis report performance (AR-P).

<5.8> Handling 

z. The UM shall list:

1. The permitted handling conditions.

NOTE  For example, change of orientation, position, deposition.
2. The limiting conditions for handling.

NOTE  For example, shocks, environmental conditions.
3. Where the handling forces can be applied on the propulsion subsystem or system.
4. The protective measures to be implemented.
5. The safety measures to be implemented.

NOTE  Handling is the moving (translation or rotation) of a propulsion subsystem or system when it is not in a container or integrated in a system (e.g. spacecraft, satellite, launcher).

<5.9> Transport

aa. The UM shall include:

1. The conditions under which the propulsion subsystem or system can be transported.

NOTE  For example, orientation and environmental conditions.
2. The limiting conditions for transport.

NOTE  For example, shock, temperature, humidity, vibrations and duration of vibrations.
3. The packaging to be used for transport in view of the transport itself.

NOTE  For example, internal transport at the manufacturers plant, transport by truck, ship or plane.
4. The installation of measuring and recording equipment.
5. The special measures on the propulsion subsystem or system.

NOTE  For example, prevention of rotation of turbo-machinery, and closing of nozzle.
6. The conditions under which the propulsion subsystem or system can be transported once it has been integrated in a spacecraft, satellite, stage or launcher.
7. The case that the tanks are loaded and the orientation of the launcher undergoes changes.

NOTE  For example, from horizontal to vertical.

<5.10> Loading and unloading

ab. For propulsion systems other than solid, the UM shall describe:

1. The cases for loading and unloading the propulsion subsystem or system.
2. The loading and unloading procedures for every case.

NOTE  For example, ground tests, satellite loading, loading on the launcher, and related unloading.
3. The safety measures to be implemented during loading and unloading.
4. The conditions under which loading and unloading can take place.
5. The disposal of unloaded fluids.
6. The equipment to be used during loading and unloading.
7. All measurements during loading and unloading.
8. Any limitation for the number of loading and unloading cycles the propulsion subsystem or system can undergo.
9. The maximum duration for propellants and working fluids to remain loaded in the propulsion subsystem or system.
10. Measures that prevent contamination of the propulsion system during loading and unloading.
11. In case of unloading, which components cannot be reused and be replaced.

NOTE  As solid propellants are usually present in the delivered propulsion subsystem or system they are not considered in this clause.

Loading of the propulsion subsystem or system comprises filling the tanks of the propulsion subsystem or system with propellants and working fluids (e.g. water, helium, nitrogen).

<5.11> Pre-launch and launch activities

ac. The UM shall list: 

1. All activities to ensure that the propulsion system conforms to the requirements, describing at what stage of the pre-launch and launch sequence the activities are done.
NOTE  These activities can include e.g. chill-down, pre-heating, topping-up of tanks, arming safe and arm devices, thermal conditioning, tank pressure measurements, and valve activation.

2. The measures to be taken if the propulsion system does not conform to the requirements.
3. The measures to put the propulsion system in a safe condition in case of a launch abort.
4. All measures to recover the propulsion system for later use after a launch abort.

<5.12> In-orbit operation

ad. The UM shall describe all the activities for the propulsion system during the coast- or transfer-phase.

ae. The UM shall describe:

1. All the activities that verify that the propulsion system is in a proper condition to be activated and operated.
2. The measures to control the status of the propulsion system and to bring it in a proper condition to be activated and operated.
3. The means to identify the status of redundant propulsion system branches and to close-off failed branches.
4. The procedures to start, operate and shut-off the propulsion system in orbit or trajectory.
5. The off-design use and the off-design procedures in case of propulsion system anomalies.

NOTE  For example, the use of AOCS thrusters for orbit raising in case of failure of the apogee boost motor.

<5.13> Disposal

af. The UM shall describe how the user of the system can safely dispose of, or neutralize spent propulsion systems.

ag. The UM shall specifically describe the following aspects:

1. Avoidance of damage of the stage, spacecraft or payload.
2. Avoidance of creation of debris.
3. Special operation of the propulsion system for orbit raising or de-orbiting

<5.14> Limits and constraints

ah. The UM shall list an overview of constraints and limits for the propulsion subsystem or system that under no condition shall be transgressed, including, e.g. the following aspects:

1. Lifetime
2. Maximum number of operation or activation cycles
3. Operating temperature range
4. Maximum operating power
5. Maximum number of cycles in pulse mode operation
6. Constraints on duty cycles
7. Operational rotating speed range
8. Maximum allowed contamination
9. Constraints on environmental conditions
10. Maximum number of thermal cycles
11. Constraints on shock and vibration levels
12. Range of mixture ratios.

<6> Summary and conclusions

ai. The UM shall contain the following:

1. Recommendations for the correct use of the UM.
2. Limitations of the UM.
3. A statement requesting the user to provide feedback to the propulsion system supplier for statistical evaluation and further improvement of the propulsion system.

H.2.2 Special remarks

None.
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