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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-g
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The main task of technical committees is to prepare International Standards. Draft.Internation
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Attention is drawn to the possibility that some of the elements of this document may be the sub
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ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer{voting. Publi
ational Standard requires approval by at least 75 % of the member bodies casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.
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Introduction

International cooperation in space system design and operation determines how a spacecraft (SC) and its
hardware are transported, such as

— transportation of special hardware for setup and operation of the SC from other countries;

To ensure that the problems of ground transportation of the SC and its hardware will not chinder the
developmen{ of international cooperation

— transportation should not require excessive or unusual preparation of the SC and its hardware, and
— transportation should be based on the available civilian or military transport facilities.

It would be idleal to develop international transportation requirements for all SC and all types of transportation
modes. Howgver, development of such requirements for all areas and all SC of-other countries is difficdlt; so
the following|general requirements should be established initially:
— the envifonment for the SC transportation;

— the load$ from all transportation modes;

— the ruleqd for the SC loading, transportation, and unloading.

This Internatjonal Standard contains a list of requirements for different types of transport (rail, road, aif, and
water).
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Space systems — Unmanned spacecraft transportation —
General requirements

1 Scope

This
scien
and
loadi
trans

This
natio

2 1

The

ce instrument and payloads. It establishes the requirements for transportation by rail, road;,

ir, and water

International Standard is applicable to unmanned spacecraft and their supporting hardw{re including

ng/unloading operations meant to safeguard unmanned spacecraft and their supporting har
bortation.

International Standard is intended to be applied in international transportation. It may als
nal transportation.

Normative references

refergnces, only the edition cited applies. For undated references, the latest edition of th

docu
ISO

ISO

ISO 1
3 3
LC
oD
RF
SC

TS

ment (including any amendments) applies.

14303, Space systems — Launch-vehicle-to-spacecraft interfaces

15863, Space systems — Spacecraft-to-launch-vehicle interface control document

7401, Space systems — Documents for space craft interface requirements for launch vehic

Symbols and abbreviated terms
launch complex
operational documentation
radio frequeney;,
spacecraft

technical specification

4

following referenced documents are indispensable for the&’ application of this documen

as a part of a launch vehicle and establishes the requirements for special” containers and

dware during

b be used in

t. For dated
b referenced

e services

Transportation requirements

41

411

General provisions

SC shipping containers or railway cars

When transporting an SC to an LC or to a maintenance structure, the spacecraft shipping container and other
special devices shall provide for the safe transportation of the spacecraft. The shipping container shall safely
provide for various transportation conditions, such as temperature, humidity, and shock. These conditions

shall
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be specified in the operational documentation (OD).
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4.1.2 Mechanical loads

During transportation and loading/unloading operations, structural loads act on the SC. These loads depend
on SC securing methods, the stiffness of the transport device, the loading/unloading facilities used, and the
environment faced by transport. The limiting values and duration of the loads shall be specified in
documentation of the SC developer.

41.3 Type

s of transport

The types of transport, as well as the requirements for transportation, shall be specified in the OD for the SC.

41.4 Majo

Major compg
tools, and sp|

4.1.5 Safet

The SC sha
device). Con
International
international

Transportatid
withina LC s

4.1.6 Mois
The compon|

affect functig
during trans(

4.1.7 Electrical grounding

The SC and
SC.

41.8 Pyro

Pyrotechnic

4.2 Requirements forithe SC shipping containers and control over transportation

conditions

421 Con

r-components;-support-equipment-and-spareparts

nents or subsystems shall be transported under the same conditions as the SC. ACcess
are parts shall be transported in accordance with the supplier's specifications.

y requirements
| be completely secured during transportation (except when transported)as part of the Iz
tainers with active fluid or active electrical systems shall not jeopardize transportation s
transportation of SC shall comply with the international transpdrtation regulations an
safety constraints that exist under the authority of the United Nations.

n within a country shall conform to the national transportatien safety regulations. Transpori
hall conform to the LC safety regulations.

ure and contamination
ents of SC or the entire SC that are sensitive>to moisture and/or contamination that advq

n or performance shall have a system to -@void or reduce the moisture and/or contamirn
ortation in accordance with the specific requirements defined in the OD for the SC.

echnic safety

components shallbe'in a safe inactive condition.

ainers

Dries,

unch
bfety.
1 the

ation

rsely
ation

container shall be electrically grounded during transportation in accordance with the OD for the

A container shall protect the SC from damage during transportation, loading/unloading operations, or storage,

as well as en

4.2.2 Liftin

sure protection against the natural environment.

g devices and tie-down points

Lifting devices (yokes, shackles, etc.) and pick-up/tie-down points shall be provided for lifting and securing
containers on a transportation device. The location of the lifting points shall provide a stable lift during any
lifting operations. Intermediate elements for securing the container by lifting devices (yokes, shackles) on the
transportation device shall be in accordance with the requirements of the OD. Requirements for proof loading
of lift points, frames, and slings prior to use shall be specified in the OD.
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4.2.3 Container dimensions

Dimensions of containers should be in accordance with the dimensional outlines of rolling stock adopted in
international and/or national practice. The container dimensions shall provide a safe clearance between the
SC and internal face of the container.

4.2.4 Design requirements

The design of the container shall ensure that

m)

n)

1ir pressure ipside the cqr_\tair)er is equal to the environment at air pressure or higher-ai
ccordance with that specified in the OD;

an 0,019 kg/m3 or in accordance with the OD for the SC;

temperature inside a container is from —50 °C to +50 °C or in accordance-with the OD for the
protection against penetration of rodents and insects is provided;

dust-generating materials are controlled;

¢ontainer provides protection against static electricity build-up and/or a capability of discharg

design load margins are in accordance with the OD, for the SC;

qualization capability of the shipping containers;

nd/or spillage cannot causé a‘spontaneous combustion and/or fire;

design and materials used for the SC shipping container are compatible for entry/operation i
om;

F (radio frequency) shielding is required when the spacecraft being transported is sensitiy
F energy;

ontainers  are constructed of corrosive-resistant materials or coatings, if likely to be
orrésive environments.

;Elative air humidity inside the container is not more than 60 %, and the absolife humidity

products and amounts of out-gassing materials in proximity of the SC are specified in the OD|

Taterials are compatible with. SC propellants if an SC is transported filled with fuel; a pr

[ pressure in

is not more

SC;

174

P

Iansportation pressure is equalized, which adds a design requirement regarding the pressure

for the SC;

ppellant leak

nside a clean

e to external

subjected to

4.2.5 Thermal containers

Thermal containers shall ensure the following transportation conditions:

a)
b)
c)

d)

temperature is in accordance with the OD for the SC;
pressure is from 93 kPa to 113 kPa or in accordance with the OD for the SC;
relative humidity is a maximum of 60 % or in accordance with the OD for the SC;

air cleanliness is in accordance with the OD.
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4.2.6 Shock absorption system

In order to reduce structural loads acting on SC during transportation down to acceptable values, the
container shall be equipped with a shock-absorption system or other load-reduction systems when required to
meet the TS.

4.2.7 Monitoring and recording

For transportation of an SC in a container, the monitoring and recording of transportation conditions shall be
performed when required by the OD for the SC. In order to ensure monitoring of SC parameters without
opening the contalner the container deS|gn shall prowde for remote monltormg Shock momtor/recordmg

i y y D for
shall

4.3 Transportation by commercial rail

4.3.1 Requirements for transportation

SC transporfation by rail shall be carried out in accordance with rules adopted-irCinternational or national
practice.

4.3.2 Loads

The location|and orientation of the SC (vertical, horizontal, etc.), securing of the SC in a container and the
shock-absorption system shall be designed to accommodate the loads imposed by the OD for the SC.

4.3.3 Apprpval of deviations

Railway authorities shall approve overall container dimensions when they deviate from the overall dimenisions
of the rolling [stock.

4.3.4 Precautions

During SC transportation, abrupt jolts, jerksisand disconnection of inter-car joints of the braking system afe not
allowed. Railway cars and platforms canrying SC shall not be subject to descending from sorting gravity yards
and shall require higher caution measlres during manoeuvres.

Speed with which a locomotive (Wwith railway cars or without them) approaches immobile railway cars with SC
shall not be more than 0,8 m/s.-Speed with which detached or separate railway cars approach a hump ygrd as
well as during manoeuvres-shall not be more than 1,4 m/s. Do not hump rail cars carrying SC.

NOTE A hump yard is a rail yard permitting the switching of a group of rail cars where they are pushed onto
a hump (higH point);detached and moved by gravity toward another rail yard.

Railway cars (earrying SC shall not be included in a train containing explosion hazards or cheniically
aggressive cargoes.

Railway cars carrying SC shall have signs and inscriptions on them that indicate precautions necessary for the
descending from rail yards, abrupt jolts during manoeuvres, or detaching escort and protection railway cars.

4.3.5 External inspection during stops
During stops en route, external inspection of a transportation device, container, and container-securing

assemblies shall be performed. The procedure and frequency of the inspection shall be specified in the OD for
the SC.
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Transportation by road

Working condition

Prior to loading/unloading operations, the working condition of the transportation device shall be inspected.

Prior

4.4.2

to first movement, the security of the container carrying the SC shall be inspected.

Loads

The location and orientation of SC (vertical, horizontal, etc.), securing of the SC in a container, and the
shock-absorption system shall be designed to accommodate the loads imposed by the OD for the SC.

4.4.3

Durin
cond
spee

444

At a
acco
anin

b)
q

a) Ie securing of the container carrying the SC on the transportation device;

Driving regulations
g SC transportation by road, traffic and driving regulations shall be strictly enforced: Under
tions (rain, snow, fog, dust storm, etc.), as well as in bad road conditions (mud; ice, rou
 shall be reduced to a minimum, and sudden braking and sudden starting shall\not be allow
Periodic checks and inspections

distance of 1km to 1,5km from the start of movement, then €very 150 km of the jg

spection of the motor vehicle shall be performed. Special attention shall be given to

e condition of the steering system and brakes of pull rod coupling of transportation devic
evices and equipment ensuring safety of movement’(signalling, lighting devices, etc.);

d)
If spq
4.5

4.5.1

Tran
on th

4.5.2

The

c) Ie connections of pneumatic brakes and electrical equipment of tractor-drawn devices;

harsh driving
ghness), the
Pd.

urney, or in

dance with the OD for the SC, the security of the container carrying the SC shall be inspectgd, as well as

e, as well as

e security of the wheels, and the condition and securing of springs, shock absorbers, and t¢rsion bars.

cified by the OD for the SC, a security escort shall be provided.
Transportation by air
Limitations

sportation of the.SC)by air shall be carried out without limitation of speed and distance. Limit

e number of takeoffs and landings and the total flight times shall be determined by the OD fo
Loads
ocation and orientation of the SC (vertical, horizontal, etc.), securing of the SC in a conta

ptions, if any,
r the SC.

ner, and the

shoc

-absorption system shall be designed to accommodate the loads imposed by the OD for thg

SC.

4.5.3

Inspection

Prior to each takeoff and after each landing, external inspection of the container and its tie-down assemblies
in the aircraft shall be performed. The inspection procedure shall be specified in the OD for the SC.

454

Static and vibration accelerations

In order to ensure SC transportation by aircraft transport, the aircraft shall be capable of withstanding the
maximum static and vibration accelerations, as well as the atmospheric pressure differentials arising during
the normal and emergency flying regime and descent of the transport aircraft.

© IS0
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4.5.5 Loads on assemblies

Assemblies securing the SC in a container and the container itself shall be designed to withstand the
structural loads acting on them during an emergency landing of the transport aircraft.

4.5.6 Setting values
For each type of aircraft, values of loads, flight altitude, and descent speed, as well as requirements to the SC

and its securing, shall be set in accordance with specifications for the equipment and cargoes meant for
transportation by transport aircraft.

4.6 Transportationbywater
4.6.1 Limitations

SC transportation by water shall be carried out without limitation of speed and distance in‘@ccordancg with
regulations gn cargo transportation in force for sea and river transport. Sea and river vesséls that meg¢t the
requirementq given in 4.6.2 to 4.6.5 for an SC should be used.

4.6.2 Loads

The location|and orientation of the SC (vertical, horizontal, etc.), securing of the SC in a container and the
shock-absorption system shall be designed to accommodate the loads imposed by the OD for the SC.

4.6.3 Tying down containers

Containers garrying an SC shall be safely tied down in accordance with the OD for the SC using additional
devices (brages, ropes, wire, yokes, wooden pads, beams, etcy) specified by the OD for the SC.

4.6.4 Protdction from water

Containers carrying SC placed on an upper deck ofta ship shall be protected from atmospheric precipitption,
seawater andl river water.

4.6.5 Inspgction of containers

The tie-dowr] condition of containers Carrying SC shall be checked not less than 4 times every 24 h (the first
inspection shall be 0,5 h to 1 h from the start of movement) or in accordance with the OD for the SC.

4.7 Transportation of SC-as a part of a launch vehicle
4.7.1 Distance and speed

When transporting.a fully assembled SC from an assembly area to a launch pad, the distance shall be
specified in the @D'for the SC. The speed shall be in accordance with the OD for the SC.

4.7.2 Transportation conditions

During transportation of an SC as part of a launch vehicle, transportation conditions specified in the OD for the
SC shall be in accordance with ISO 14303, in accordance with the interface requirements document specified
in ISO 17401 and in accordance with the interface control document specified in ISO 15863.

4.8 Requirements for conducting and maintaining control over loading/unloading
operations

4.8.1 Crossbars and cranes

During loading of an SC into a transportation container and onto a transportation device, proof loaded slings,
shackles, cables, crossbars and cranes, etc., suitable for the job, having slow, lifting speeds and transferring

6 © ISO 2004 — All rights reserved
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mechanisms, and equipped with two brakes acting independently from each other, shall be used. Only trained
and certified operators shall perform lifting or handling operations.

4.8.2

Loading/unloading equipment certification

Prior to the beginning of loading/unloading operations, documents (passports or record books) on the cranes,
crossbars, and containers, certifying their fitness for the lift, shall be checked to ensure that the proposed
handling equipment was verified as satisfactory for the intended application.

4.8.3

Rigging devices

Duri
lifting

4.8.4

For t
ropes

4.8.5

Liftin
setu

4.8.6

Flam
loadi

4.8.7

The |
caus

4.8.8
Spac
The

ensu

4.8.9

Durin
hand

4.8.1

1 A H / 1 PUH ' + + <l + laall ls 44 la-e-cl4. TN HY 4+ £
Y TUAuUTTyrurmuaun Tty UpTT ations, TIyyn Ty uTviLt S STTaimT T atiaLlTcU tu air tmec puUlmiS Tirearttul

. All rigging devices shall be satisfactorily load-tested prior to use.
Tag lines

irning, as well as preventing the container carrying the SC from spontaneous _turning, lifting
(tag lines) shall be used (no less than two per container).

Lifting/loading equipment

h/loading equipment shall be removed from a container or a crane hook only after the contai
D safely on its base.

Flammable substances

mable substances that are not part of the SC and*fransportation system shall not be
g/unloading area during the SC loading/unloading operations.

Cleaning the site

pading/unloading site shall be cleaned\of dirt, sand, mud, water, snow, ice, and other deb
p a safety issue to the personnel or-the-flight hardware.

Freezing conditions
ecraft containers exposed t0 freezing conditions can become frozen to the floor or support
S5C container shall nat™be lifted under these conditions until such time as an unrestraine
ed.

Signs and jinscriptions

g loading/unloading and transfer of crates with assembly parts of SC, requirements fo
ing cargoes (including manipulation signs and caution inscriptions) shall be met.

D CPrevention of electrostatic build-up

he container

, or transfer,

her has been

present in a

is that might

ng structure.
d lift can be

methods of

Proper grounding of the container and the people loading/unloading the container shall be performed in order
to reduce or eliminate static electricity build-up.

4.8.11 Mechanical load control

During loading/unloading operations, control over mechanical loads acting on SC shall be maintained, in
cases specified in the OD for the SC.

4.8.12 Environmental conditioning outside a climate-controlled building

If an SC requires continuous environmental conditioning outside of a climate-controlled facility, the OD for the
SC shall specify the allowable time the SC can be without the conditioning during handling operations.
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