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INTRODUCTION
Most weapon systems and munitions comprise electrically initiated devices (EIDs) that can be accidentally actuated by electromagnetic radiation generated by radio and radar transmitters. This problem is referred to in France by the acronym “DRAM”, standing for “Dommages dus aux Rayonnements électromagnétiques sur les systèmes d’Armes et les Munitions” (Damage to Weapon Systems and Munitions by Electromagnetic Radiation).
Under the effects of electromagnetic radiation, an EID can:
· either be actuated prematurely, causing problems of safety and reliability for both personnel and equipment,
· or undergo an alteration, thereby essentially causing problems of safety and reliability.
These risks can be eliminated by:
· either making the munitions less sensitive to the electromagnetic environment with the aid of secured devices built into the systems from the design stage,
· or by implementing safety requirements, so that sensitive munitions are not exposed to an electromagnetic field greater than they can safely withstand.
To draw up the safety requirements for radio/radar environments, the first necessary step is to evaluate the electromagnetic vulnerability of the ordnance concerned (“DRAM evaluation”). The specifications and rules to be followed for this evaluation are defined in the first part of French Defence Standard NORMDEF 0301-1 (Part 1) - General specifications for evaluation of electrically initiated devices and their integration in weapon systems and munitions against the effects of electromagnetic radiation (DR01).
Subsequently, when the sensitivity of the munition exposed to non-ionizing electromagnetic radiation environments has been determined, in other words when the allowable exposure level of the ordnance is known, the associated safety requirements can be defined. The definition of these safety requirements is the object of the second part of the standard, NORMDEF 0301-2 (Part 2) - General safety requirements on weapon systems and munitions embodying EID against the effects of non-ionizing electromagnetic radiations throughout their entire life cycle.
French Defence Standard NORMDEF 0301, Parts 1 and 2, cancels and replaces standards GAM DRAM 01 and GAM DRAM 02 ([BIBLIO1] and [BIBLIO2]). The procedures for the evaluation of munitions are based on the broad principles of the (cancelled) standard GAM DRAM 01 and also draw largely on STANAG 1380 ([DR02]) and STANAG 4370 ([DR03]) as fundamental references, with the aim of resolving problems of interoperability and facilitating exports of weapons and ordnance. 
In particular, Part 2 of NORMDEF 0301 introduces the notion of “DRAM compliance” (with reference to the radio environment and radar environment requirements specified in Part 1) and defines a procedure for ensuring a smooth transition from the previous DRAM standards ([BIBLIO2]).
Please note that the present standard does not apply to non-electrically initiated devices. 
CONTENTS
Contents
5INTRODUCTION


81.
SUBJECT


82.
FIELD OF APPLICATION


93.
Normative references


104.
Acronyms and Terminology


125.
General


125.1.
Specific definitions


125.1.1.
DRAM Evaluation of a munition


125.1.2.
Allowable environment (or characteristic environment)


135.1.3.
Characteristic curve


145.1.4.
Characteristic distance


145.1.5.
Safety environment  - safety curve


155.1.6.
Induction zone


155.2.
Configuration of a munition (or weapon system)


155.3.
DRAM rating and marking of a munition (or weapon system)


165.3.1.
DRAM Rating


165.3.2.
DRAM Marking


175.4.
DRAM Compliance


185.5.
“Ordnance-Environment” Specification


185.6.
General safety regulations


186.
Drawing up a safety requirement


196.1.
Introduction


216.2.
Use of DRAM compliance


216.3.
Index method


216.3.1.
Principle


236.3.2.
Methodology


236.4.
Precise method


236.4.1.
Principle


246.4.2.
Methodology


266.4.3.
Comments


266.4.4.
Necessary characteristics of the transmission systems


276.5.
Use of the DRAM rating


286.6.
Special cases


286.6.1.
Ordnance inside the induction zone of an antenna


296.6.2.
Low-power emitters


317.
Bibliography


33ANNEX A:
MAXIMUM ALLOWABLE ENVIRONMENTS CORRESPONDING 

TO THE DRAM RATINGS


36ANNEX B:
EXAMPLE ORDNANCE-ENVIRONMENT SPECIFICATION


38ANNEX C:
COMPATIBILITY BETWEEN DRAM COMPLIANCE RATINGS 

AND OPERATING CONFIGURATIONS


39ANNEX D:
CALCULATION OF THE SAFETY DISTANCES WITH THE AID OF

THE INDEX METHOD


40ANNEX E:
DEFINITION OF DRAM SAFETY REQUIREMENTS - EXAMPLES


40E.1 Deploying a munition on a helicopter (fleet-air environment)


41E.2.Test launch of a cruise missile (sea environment)


43E.3.Handling/loading a missile onto a ship of the French Navy (Sea environment)


46E. 4. Platform-loading of a missile under an aircraft and flight of the armed aircraft at an airbase


52E.5 Cohabitation of two ground weapon systems




1. SUBJECT
This standard defines the procedure to be followed to prevent accidental actuati0on of an electrically initiated device (EID) contained in munitions in their various operating configurations. This standard provides a foundation for defining DRAM safety requirements, in particular for the personnel responsible for the operations of transportation, maintenance (or maintaining in condition) and deployment of the munitions concerned.
The problems of reduced reliability of EIDs due to degradation of the explosive substances are not discussed; however, the measures taken to increase safety can only improve the reliability of these devices.
A safety requirement is applicable to a specific munition/ordnance item in a specific environment and is expressed as:
· a minimum distance to be maintained between the antenna and the ordnance, or
· a reduction in the power of the transmitter concerned, possibly down to its minimum limit or total shutdown, or
· a restriction of the use of certain frequencies (for example in the case of radio transmitters).
The safety requirements must be defined exclusively in the presence of an electromagnetic environment generated by radio and radar-type transmitters. The safety requirements therefore concern the transmitting antenna of the transmitter in question. However, due to diffraction phenomena, the electromagnetic field around other nearby antennas may be reinforced if these antennas are tuned to the same frequency. This is particularly true in the HF band.
2. FIELD OF APPLICATION
a) This document defines the general rules and safety requirements to be applied in environments of radio/radar electromagnetic radiations to prevent the risks to persons and equipment caused by munitions and weapon systems fitted with EIDs.
b) In particular, this standard applies to the following phases of the life-cycle profile:
· Storage and transportation of the munition (ST/TR):
· Munition only
· Munition in logistic packaging
· Munition in tactical packaging.
· Deployment of the munition:
· Platform-loading of the munition (on carrier, launcher etc.).
· Connection/disconnection of the munition.
· Programming of the platform-loaded missile etc.
· Platform-loaded munition (on carrier, launcher, powered, non-powered etc.)
· Munition in the launch and flight phase
Note:
The above list of operating configurations is not exhaustive and depends on the specific weapons programme.
c) This document exclusively concerns the DRAM safety requirements against the effects of electromagnetic radiation environments of the type caused by radio and radar transmitters..
Note:
For operating phases when the munition is platform-loaded on an operational platform (for example an aircraft during take-off), the requirements must be supplemented to take into consideration the sensitivity of the critical electronic equipment of the platform (for example, electrical flight controls - FBW - of an aircraft) to the electromagnetic environment generated by radio/radar (“DREA” risk). With regard to the other electromagnetic environments (lightning, ESD etc.), any necessary operating restrictions must be defined on a case-by-case basis, with reference to the results of the “DRAM” electromagnetic vulnerability evaluation for these environments, the operating context of the munition and/or the precautions derived from the following documents (communicated for information purposes):
· SCAT Procedure No. 12803 [BIBLIO3],
· Guide des bonnes pratiques pyrotechniques (Guide to best pyrotechnic practises) - [BIBLIO4],
· Etc.
In the remainder of this document, for reasons of simplicity and consistency with [DR01], the terms “munition(s)” and “ordnance” are used for all systems equipped with EIDs (such as missiles, decoy flares, short-life safety flare systems etc.). In certain phases of the life-cycle profile of a weapon system or munition, these terms can also designate sub-modules comprising at least one EID.
3. Normative references
The reference standards listed below must be taken into account for the application of the present document:
	Reference
	Standard document
	Edition / date

	[DR01]
	NORMDEF 0301-1: Evaluation and use of munitions and weapon systems embodying electrically initiated devices against the effects of non-ionizing electromagnetic radiations - Part 1: General specifications for evaluation of electrically initiated devices and for their integration in munitions and weapon systems
	Edition 1 - April 2017

	[DR02]
	STANAG 1380: NATO Naval Radio and Radar Radiation Hazards Manual - AECP-02/MECP-02

	Edition 5 — August 2015
- Edition D – August 2015

	[DR03]
	STANAG 4370: Environmental testing
AECTP 250: Electrical and Electromagnetic Environmental Conditions
AECTP -500: Electromagnetic Environmental Effects Tests and Verification

	Edition 6 — December 2016
Edition C December 2014
Edition E December 2016

	[DR04]
	STANAG 4560 / AOP-43: Electro-explosive devices, assessment and test methods for characterization
	Edition 3 - October 2016

	[DR05]
	NF X 50-144-1: Demonstration of resistance to environmental conditions — Design and carrying out of environmental tests — Part 1: Basis of the General Environmental Management Plan
	July 2019

	[DR06]
	EN 9200: Aerospace series - Programme management - Guidelines for project management specification
	May: 2005


4. Acronyms and Terminology
a) Acronyms:
A/C:

Aircraft
AECTP:
Allied Environmental Conditions and Test Procedures
ASDVL:
Artifice de Sécurité à Durée de Vie Limitée (Limited-life Safety Pyrotechnical Device)
CD:

Confidentiel Défense (Defence Confidential)
FBW
Fly-by-wire
CND:

Centre de Normalisation de la Défense (Defence Standardization Centre)
dB:

Decibels
DEP:

French acronym for EID - Electrically Initiated Device
DGA:

Direction Générale de l’Armement (Directorate General of Armaments)
DIRISI:
Direction Interarmées des Réseaux d’infrastructure et des Systèmes d’information de la défense (Joint Forces Directorate for Defence Infrastructure Networks and Information Systems)
dc: 
Characteristic distance
dPad:
Allowable (French: “admissible”) power density
DRAM:
Dommages dus aux Rayonnements électromagnétiques sur les systèmes d’Armes et les Munitions (Damage to weapon systems and munitions by electromagnetic radiation)
DREA:
Dangers dus aux Rayonnements électromagnétiques sur les Equipements Aéronautiques contribuant à la sécurité des vols (Hazards of electromagnetic radiation for aerospace equipment contributing to flight safety)
Ead:

Allowable (French: “admissible”) electric field
EID:

Electrically Initiated Device
EMA:

Etat-Major des Armées (French Joint Forces Command)
GHz :

Gigahertz
GSM:

Global System for Mobile
H/C:

Helicopter
HERO
Hazards of Electromagnetic Radiation to Ordnance
kHz:

Kilohertz
kW:

Kilowatts
m:

Metre
mW:

Milliwatts
MEO: 

Deployment (French abbreviation for “Mise En Oeuvre”).
HPM:

High Power Microwave
MHz:

Megahertz
NATO:
North Atlantic Treaty Organization
OTAN:
French acronym for NATO
Pad:

Allowable (French: “admissible”) power
EIRP:

Equivalent Isotropic Radiated Power
RADHAZ:
Radio and Radar Radiation Hazard
RF:

Radio-frequency
RFID:

Radio-frequency Identification
SIMu:

Service Interarmées des Munitions (Joint Forces Munitions Department)
SGA:

Secrétariat Général pour l’Administration (Secretary General for Administration)
SRAD:
Susceptibility RADHAZ Designator
SSA:

Service de Santé des Armées (French Defence Health Service)
STANAG:
NATO Standardization Agreement
ST/TR:
STorage/TRansportation
TPED:

Transmitting Portable Electronic Device
TRAD:

Susceptibility RADHAZ Designator
V/m:

Volts per metre
W/m2:

Watts per square metre
WIFI:

Wireless Fidelity
b) Terminology:
Antenna:
Part of an installation for transmitting or receiving radio waves; the antenna is the interface between a transmitter or receiver and the environment through which radio waves are propagated.
National Authority:
State body in charge of exercising the technical authority concerning the hazards of electromagnetic radiation to ordnance necessary to guarantee the safety of persons and property.
Electrically initiated device (EID):
Electrical device that, in its entirety, can perform a specific pyrotechnic function.
On-board transmitters (or internal transmitters):
Set of transmitters such as on-board radio, proximity detector, radar, radar jammer, etc. integrated in a munition or weapon system.
Radio-radar transmitters (or external transmitters):
Set of  transmitters used for radio, radar, jamming etc. and likely to be encountered by a munition or weapon system during its life-cycle profile. 
Note 1 These systems are not part of the munition or weapons systems.
Environment:
At any given moment, the combination of physical, chemical, biological etc. agents liable to have a direct or indirect effect on living beings, human activities and on the systems or their operation (definition from NF X 50-144-1).
Allowable electromagnetic environment (or characteristic environment):
Maximum electromagnetic environment that a munition or weapon system can endure without risk of accidental actuation of one of its EIDs. 
Note 1 This environment is defined by levels expressed as a function of frequency and presented in the form or a table or “characteristic curve”.
Initiator:
Pyrotechnic component actuated by means of a non-pyrotechnic phenomenon (e.g. electric initiator)
Munition: :
A complete device charged with explosives, propellants, pyrotechnics, initiating composition or chemical, biological, radiological or nuclear material, for use in military operations, including demolitions.. (NATO/NTMS definition)
Platform:
A platform is a ship, vehicle, aircraft (including drones) etc.
Life-cycle profile of the weapon system or munition:
Chronological description presenting the detailed scenarios of use of the weapon system or munition, considered from the moment it leaves the factory to its withdrawal from service (including disassembly). (Definition adapted from NF X 50-144-1)
Qualification:
Combination of tasks contributing to providing proof, based on theoretical justifications and experimental evidence, that the defined weapon system or munition corresponds to the specified needs and is producible (definition adapted from NF EN 9200, 4.51).
Weapon(s) system:
A combination of one or more weapons with all related equipment, materials, services, personnel and means of mobility (if applicable) and launching required for self-sufficiency (NATO/NTMS definition)
Near field:
Region close to an antenna or a radiating structure where:
· the electric and magnetic fields do not have the characteristics of a plane wave,
· the intensity of the field does not decrease as a function of the distance from the source and also has a high gradient.
Note 1
· The near-field region includes a reactive near field, where the electromagnetic field depends significantly on the elements located close to the source.
· The near field can be defined by a radius around the source equal to:
· 
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 for most antennas having small physical dimensions relative to their transmission wavelengths λ (e.g. monopoles),
· 
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 for most antennas having physical dimensions larger than their transmission wavelengths λ (e.g. horn antennas and parabolic antennas) (where D is the largest dimension of the antenna, such as the diameter of a parabolic reflector, diagonal of a horn etc…).
5. General
5.1. Specific definitions
5.1.1. DRAM Evaluation of a munition
The “DRAM” evaluation of a munition consists in determining, for each phase in its life-cycle profile (see para 2.b):
· its maximum allowable environment (see 5.1.2),
· its DRAM rating (see 5.3.1),
· its SRAD code (see 6.3.1).
The final precise evaluation is defined in the form of an “Ordnance-Environment Specification” (see 5.5).
The evaluation procedures are described in [DR01].
5.1.2. Allowable environment (or characteristic environment)
5.1.2.1. General
The maximum allowable environment of a munition corresponds to the maximum electromagnetic radiation to which the munition can be exposed without accidental actuation of one of its EIDs.
This environment is defined as a function of frequency:
· either by effective levels (case of continuous waves)
· or by peak levels (case of pulsed waves)
5.1.2.2. Units
The maximum allowable environment is generally expressed:
· in the case of radio environment: in the form of an electric field (Fad), using the measuring unit Volts per metre (V/m)
· in the case of radar environment:
· in the form of power density (dPad) using the measuring unit Watts per square metre (W/m²),
· or in the form of an electric field (Fad), with measuring unit Volts per metre (V/m)
In the far field, the maximum allowable electric field Fad and maximum allowable power density dPad can be deduced from one another using the following formula:
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where:
· dPad : allowable power density in W/m²,
· Ead : effective electric field in V/m,
· 120 π : wave impedance in free space in Ω.
5.1.2.3. Allowable environment and safety requirements
For the vast majority of munitions, the allowable environment expressed in effective field levels is sufficient for drawing up the safety requirements. The corresponding safety requirements can then be defined by the operations personnel with the aid of the recommendations in this document.
This procedure does not apply to munitions having the following characteristics:
· the thermal time constant of the initiators (see [DR04]) is very small compared to the pulse duration;
· adiabatic heating,
· heating caused by pulse waves (for example primers with conductive component, where the heating is due to a conducted current resulting from micro breakdown),
· intrinsic risk in the integrated control electronics (e.g. projected-layer initiators or slapper detonators).
The corresponding safety requirements must be drawn up by experts on the basis of information such as:
· allowable peak field environment,
· waveform (modulation, repetition frequency, pulse duration etc.).
In the case of these munitions, the specific safety requirements are indicated on the Ordnance - Environment Specification and are provided to the operations personnel.
5.1.3. Characteristic curve
The characteristic curve of a munition corresponds to the graphical representation in the form of the curve of the munition’s allowable environment as a function of frequency.
Figures 1 and 2 show examples of characteristic curves, where the sections in solid lines correspond to test results and the sections in dotted lines are interpolations.
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	Figure 1 – Characteristic curve in 
radio environment
	Figure 2 – Characteristic curve in radar environment
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5.1.4. Characteristic distance
The characteristic distance dc corresponds to the distance from the antenna at which the electromagnetic environment is equal to the characteristic environment of the munition in question. Beyond this distance, there is no risk of accidental actuation of any of the EIDs of the munition.
The parameters used to calculate the characteristic distance are described in Table 5 (see 6.4.2.1).
5.1.5. Safety environment  - safety curve
5.1.5.1. Safety environment
The safety environment corresponds to the electromagnetic radiation below which there is no risk that any of the EIDs of the munition or weapon system will be accidentally actuated, regardless of the EID’s operating configuration and type of technology and the duration of exposure. This environment, described by Figure 3, is calculated theoretically, assuming the existence of resonance between the electro-pyrotechnic circuits for each frequency. The hypotheses adopted to determine the safety environment are described by [DR03].
By definition:
· every munition not subjected to a DRAM evaluation is deemed to withstand the safety environment, which therefore provisionally represents the allowable environment of the munition,
· the safety environment is the weakest allowable environment that can be assigned to a munition or weapon system. Some munitions may be assigned to this environment in configurations where their circuits are physically exposed (inspection, maintenance, installation of EID etc.) or if the handling operations have not been clearly defined.
An alternative safety environment has also been defined on the basis of [BIBLIO2]. This alternative environment can be considered only under certain conditions (see Annex A).
5.1.5.2. Safety curve
The safety curve is the characteristic curve corresponding to the safety environment. 
An alternative safety curve, corresponding to the alternative safety environment, also exists.
These curves are represented as a function of frequency range in Figure 3.
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	Safety environment
· [10 kz-2 MHz] : Ead (V/m) = 1/f
· [2 MHz – 80 MHz] : Ead (V/m) = 0,5
· [80 MHz – 45 GHz] : Ead (V/m) = 6.25.10-3*f
	Alternative safety environment
· [10 kz-5 MHz] : Ead (V/m) = 2/f
· [5 MHz – 13.3 MHz] : Ead (V/m) = 0,4
· [13.3 MHz – 150 MHz] : Ead (V/m) = 0.03*f
· [150 MHz – 10 GHz] : Ead (V/m) = 0.001*f*√377
· [10 GHz – 45 GHz] : 194 V/m

	Where f is in MHz


Figure 3 – Safety environment and alternative safety environment (safety curves)
5.1.6. Induction zone
The induction zone of a transmission antenna corresponds to the zone where the radiation characteristics, such as field shape or radiated power, can be modified by the presence of the ordnance or weapon system in close proximity (distance less than 3 m). Consequently, the electromagnetic coupling between the antenna and the munition, due to the currents induced in the circuits of the munition, will depend on their relative positions.
For each transmission antenna, this zone is considered to be a spherical or cylindrical zone in immediate proximity to the antenna. By default, the radius to be considered is:
· 3 m for transmitters with average EIRP greater than or equal to 10 W,
· 1.5 m for transmitters with average EIRP less than 10 W,
5.2. Configuration of a munition (or weapon system)
Electromagnetic coupling between a munition and a transmitting antenna depend on the physical configuration phase. The main configurations encountered are described in section 2.b. 
Note:
Electromagnetic coupling is generally strongest during the deployment phases. By contrast, the electromagnetic radiation level during a non-deployed phase on the ground is generally much weaker, especially in the radar range, given the low risk of illumination in the axis of the antenna’s main lobe (worst case).
5.3. DRAM rating and marking of a munition (or weapon system)
Each munition, in each of its operating configurations, is classified by a DRAM rating and a marking, characterized respectively by a colour and a SRAD code, which provide a simple basis for defining the safety requirements (see section 6).
5.3.1. DRAM Rating
Table 1 describes, with the aid of a colour code, the DRAM ratings of the munitions used in the French armed forces:
	Operating restrictions
+   ←    -
	DRAM Rating
	Allowable environment
(except for induction zone)
	DRAM evaluation completed?

	
	DRAM BLUE
	Greater than severe environment (see Annex A)
	Yes

	
	DRAM GREEN
	Greater than standard environment (see Annex A)
	Yes

	
	DRAM YELLOW
	Greater than common environment (see Annex A)
	Yes

	
	DRAM ORANGE
	Greater than safety environment (see Annex A)
	Yes

	
	DRAM RED
	Greater than safety environment (see Annex A)
	No


Tableau 1 – Definition of DRAM ratings
5.3.2. DRAM Marking
The munition must be marked in accordance with Figure 4, to inform personnel of its DRAM rating in the Storage/Transportation configuration (munition only, without packaging, or munition in packaging) and to prevent any confusion.
[image: image8.png]DRAM





Figure 4 – DRAM Markings
The logo on the left represents the munition in its packaging, while the logo on the right represents the munition alone outside its package (and outside any weapon system configuration). The colour of these markings indicates the allowable environment that the munition can safely withstand, in accordance with section 5.3.1,.
Note:
Marking of the SRAD code is not included, unlike in the previous DRAM standard (see [BIBLIO2]), due to the frequent updates to Table A-1 of [DR02] (by contrast with the DRAM rating, which remains constant): these updates can have an impact on the definition of the allowable levels and corresponding frequency bands.
Table 2 describes the differences in DRAM markings between the munition in its packaging and the munition alone.
Figure 5 provides example markings.
	Part of logo 
	Characteristics of the marking

	
	On the package
	On the unpacked munition alone
(outside its packaging and any weapon system configuration)

	Left-hand logo
[image: image9.png]



	DRAM rating colour in “packaged munition” configuration
	No colour

	Right-hand logo
[image: image10.png]



	DRAM rating colour in “munition only” configuration
	DRAM rating colour in “munition only” configuration


Table 2 – Differences in DRAM marking according to configuration - example
	Example DRAM marking

	On the package
	On the unpacked munition alone
(outside its packaging and any weapon system configuration)
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	Marking on the munition package for a munition rated:
· BLUE in “packaged” configuration
· YELLOW in “munition only” configuration 
	Marking on the munition for a munition rated:
· No colour for the “packaged” configuration (package unknown for a munition alone)
· YELLOW in “munition only” configuration


Figure 5 – Example DRAM Markings
5.4. DRAM Compliance
DRAM compliance of a munition is achieved if the permissible electromagnetic environment of the munition is greater than the electromagnetic environment defined in Tables Ai of Annex A of the NORMDEF 0301-1 standard ([DR01]).
The DRAM compliance of a munition is expressed in the form HERO SAFE Ai, where “i” is a number.
Note:
Only the electromagnetic environment expressed as an average field is considered when determining DRAM compliance. Since the vast majority of munitions are not susceptible to peak fields, DRAM compliance provides a simple means of
· assessing a munition’s resistance to the average electric field levels specified in NORMDEF 0301-1 ([DR01]).
· defining the environment(s) and operating configuration(s) in which the munition can be used, with reference to Tables Ai of NORMDEF 301-1 (see section 6.2).
A munition can conform to more than one environment table. Consequently, the munition can have several DRAM compliance certificates. For example, a munition on a surface vessel can be HERO SAFE A2 and HERO SAFE A3. In this case, no DRAM safety requirement (except for compliance with the induction zone distances (see section 5.1.6)) are required in the “storage/transportation” and “post-launch” operating configurations. 
5.5. “Ordnance-Environment” Specification
For every munition that has undergone DRAM evaluation, an “ordnance-environment” specification is drawn up, stipulating the precise electromagnetic radiation levels allowable over the full range of frequencies required, for each operating configuration. This specification is classified. 
Annex B provides an example “Ordnance – Environment Specification”.
5.6. General safety regulations
The following general safety regulations must be observed for munitions, irrespective of the safety requirements specified in section 6.
· All sensitive operations, such as circuit continuity inspection, military charge replacement, fuze adjustment etc., must be carried out in the premises designated for this purpose or, failing such premises, sheltered from electromagnetic radiation and in compliance with the relevant official procedures.
· Do not touch the initiator contacts or other exposed wiring components (terminals, contact buttons or rings)
· Do not bring any of the above components into contact with any metal structure or object (lifting hook, screwdriver etc.).
· Do not make any electrical connections on the munitions before the munitions are fixed to the launcher support frame, unless the operating manual expressly instructs you to do so.
· Do not uncover, by non-essential dismantling, any internal wiring and circuitry of the initiator system.
· Reduce to the strict minimum necessary any checks involving the establishment of electrical connections with the munition.
· Do not forget that a container, even a metal container, does not always, for every frequency range, provide sufficient protection of the ordnance against electromagnetic radiation.
Note: However, containers specially designed to provide satisfactory protection against electromagnetic radiation are available. The ageing of the components ensuring this protection must be monitored.
· Comply with the permissible DRAM / HERO limits specified by the applicable regulations. Note that the allowable electromagnetic radiation environment for a munition can attain values far in excess of the values allowable for the human body.
Note:
Since lightning is a particular source of electromagnetic radiation, the general regulations specified above must especially be applied during stormy weather.
6. Drawing up a safety requirement
6.1. Introduction
The establishment of a DRAM safety requirement consists in defining the actions to be taken to prevent the ordnance being exposed to radio / radar electromagnetic radiation greater than its allowable environment.
The electromagnetic environment level to which the munition is exposed depends on:
· the characteristics of the transmitters and transmitter antennas: frequency, power, gain, line loss, sweep sectors in elevation and bearing in the case of radars etc.
· the separation distance between the transmitter antennas and the ordnance item or weapon system.
This document examines only the case of a munition in the environment of a single transmitter. The case of the munition in the electromagnetic environment produced simultaneously by several transmitters has not been considered, due to the very low probability of addition of the fields when using the transmission systems currently in use. In case of doubt, expert analysis by the National Authority must be requested.
Independently of the DRAM safety requirement, any operation concerning the ordnance (transportation, loading, assembly etc.) remains subject to the general safety regulations specified in section 5.6 and to any other applicable safety regulations (permanent or specific instructions, miscellaneous requirements etc.).
The logic process necessary to draw up a DRAM safety requirement is described in Figure 6.
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Figure 6 – Logic diagram for drawing up a DRAM safety requirement
Calculation of the safety distances, which is discussed in the sections that follow, is carried out by the "precise” or “index” method. The choice of method depends on the input data available, the desired level of simplicity and the level of precision. Table 3 details the characteristics of each method and its intended target group
	Method type
	Difficulty level
	Precision level
	Target group

	Use of DRAM compliance
	Not applicable (read from a table)
	Binary
	All

	Index method
	Very simple
	Very conservative
	Operations personnel (interoperability)

	Precise method
	Simple
	Conservative
	Operations personnel and experts (for France)

	Analytical method
	High
	Optimized(1)
	Experts (for France)


Table 3 – Methods of calculating distances
(1) To achieve this precision, it is necessary to know certain technical characteristics of the transmitters and associated antennas and to have access to the Ordnance-Environment specification (classified data)
Five examples of drawing up safety requirements are provided in Annex E.
6.2. Use of DRAM compliance
The certified DRAM compliance of a munition is a means of determining the operating configuration(s) and environment(s) for which no DRAM safety requirement is required, except for the distances in the induction zone (see 5.1.6).
Annex C indicates, per DRAM compliance level and environment, the operating configurations of a munition for which there is no restriction on use due to DRAM / HERO, other than the restrictions specified in 5.1.6/
So, an operator only has to check, in Table C-1 of Annex C, whether the munition has the required DRAM compliance for the operating configuration concerned and for its environment to determine whether safety restrictions are required. In the absence of DRAM compliance, the “index method” or “precise method” must be applied to determine the appropriate safety requirements.
6.3. Index method
6.3.1. Principle
The index method defined by [DR02] is used to determine the compatibility (or safety distance) between a munition and a transmitter by simple comparison of alphanumeric codes based on index numbers. This method, due to the approximations on which it is based, results in more severe restraints - i.e. larger safety distances -  than those imposed by the “precise” method.
The index method is based on the following two types of alphanumeric code:
· SRAD Code (Susceptibility RADHAZ Designator) :
This code describes the susceptibility of an ordnance item to its characteristic environment (“susceptibility level”) for each frequency band and is expressed in the following format:
	Rp
	Tp
	Up
	Vp
	WAp
	WBp
	YAp
	YBp
	Zp


The letters R, T, U, V, WA, WB, YA, YB and  Z represent the frequency bands concerned, while the index number p represents the characteristic environment of the ordnance in the relevant frequency band.
The letters and index numbers are determined with the aid of Table A-1 from [DR02], which is shown in Table 4.
	Susceptibility index
	Effective electric field intensity (V/m)
	Power density  (W/m²)

	
	R
	T
	A
	V
	WA
	WB
	YA
	YB
	Z

	
	150 kHz
	600 kHz
	32 MHz
	150 MHz
	790 MHz
	2.7 GHz
	4.5 GHz
	8.5 GHz
	18 GHz

	
	600 kHz
	32 MHz
	150 MHz
	790 MHz
	2.7 GHz
	4.5 GHz
	8.5 GHz
	18 GHz
	45 GHz

	7
	200
	300
	200
	400
	1500
	10000
	8000
	10000
	800

	6
	200
	150
	200
	1250
	4000
	4000
	4000
	600

	5
	100
	26
	1000
	500

	4
	60
	10
	400

	3
	20
	1
	200

	2
	10
	00:26
	100

	1
	6
	3
	0.1
	10
	40
	50

	0(1)
	0.6
	0.5
	0.02
	0.26
	4.5


Table 4 – Definition of SRAD Codes
(1) The levels corresponding to susceptibility index 0 in Table 4 have been defined with the aim of anticipating the future changes to [DR02] (alignment of safety environments between [DR02] and [DR03]) known at the time of editing the present standard. In case of discrepancy, this standard will be re-edited to ensure full alignment with [DR02].
Index 0 is reserved for munitions that have not undergone DRAM testing or that have a characteristic environment in the range between the safety environment (see Annex A) and level 1.
· TRAD Code (Transmitter RADHAZ Designator):
The TRAD Code describes the transmission level of a radio / radar transmitter in terms of the maximum electromagnetic environment that the transmitter is able to generate and is defined using the following format:
	Fq


where F is a letter representing the operating frequency band of the transmitter (R, T, U, V, WA, WB, YA, YB or Z).
“q” is a numerical index representing the electromagnetic environment level generated by the transmitter, characterized by its average EIRP. The index is determined using the graph in Figure 7.
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Figure 7 – Definition of the numerical power index of the TRAD code
Example:
Let us suppose a transmitter M having the following characteristics:
· Average power: 500 W
· Antenna gain: 16.5 dB.
· Operating frequency:: 5 GHz.
The 5 GHz frequency corresponds to the band code YA (frequency band determined with the aid of Table 4), while the position of point M on the graph corresponds to the numerical index 9. So, the TRAD code of this transmitter is YA9.
The detailed methodology for determining the SRAD and TRAD codes is described in [DR02].
6.3.2. Methodology
The index method consists in carrying out a simple comparison, for each frequency range, of the SRAD code of the ordnance and the TRAD code of the transmitter.
Before comparing the SRAD and TRAD codes, the most recent versions of the available DRAM databases (DR or CD) must be consulted to make sure that the correct codes are used.
Note:
Updates of document [DR02] may result in modifications to the SRAD and TRAD codes, which is why the specified codes are regularly updated.
We recommend using BDDRAM in its DR version, available on the SIMu website, in view of its more frequent updating, resulting from its easier distribution to operations personnel.
The comparison procedure is as follows:
· If the numerical index of the TRAD code is lower than the numerical index of the SRAD code:
· only a minimum safety distance of 3 m (or even 1.5 m, depending on the transmission power), corresponding to the transmitter’s induction zone, must be observed.
Note: 
For low-power transmitters, this distance can be reduced (see 6.5).
· If the numerical index of the TRAD code is higher than the numerical index of the SRAD code, the following precautions must be taken:
· interrupt transmissions from the transmitter in the frequency range concerned, or
· reduce the transmitter power (provided that the TRAD code for a lower transmission power is known) or establish a blanking sector (in the case of radars), or
· maintain a minimum safety distance between the transmitter and the ordnance. The minimum safety distance is obtained with the aid of the table of safety distances (Table G-1) defined in [DR02],. which is reproduced in Annex D, Table D-1, of the present document.
Note:
· In the case of a transmitter transmitting on several frequency bands, the largest applicable safety distance must be used.
· If the SRAD code of the ordnance is not known, the numerical indexes must be set to 0.
The index method is described in detail in [DR02].
6.4. Precise method
6.4.1. Principle
The precise method consists in determining the compatibility (or safety distance) between an ordnance item and a transmitter on the basis of the exact characteristics of both the munition in question and the transmitter. Unlike the index method, the precise method enables the user to define restrictions specific to the actual case. By contrast, this method requires:
· Knowledge of the exact characteristics of the ordnance or weapon system, i.e.:
· either its maximum allowable environment as a function of frequency (Ordnance-Environment specification),
· or, failing this, in the absence of ordnance evaluation information, its safety environment,
· Knowledge of the electromagnetic environment generated by the transmitter and to which the ordnance is exposed.
If this electromagnetic environment has not been measured, it is calculated with the aid of the following factors:
· transmitting antenna gain and various losses (wiring etc.)
· average power / peak power of the transmitter
Note:
This is the output power generated by the transmitter (expressed in W) and not its input power supplied by the power supply.
· pulse repetition frequency and pulse width (in the case of radars).
Note:
The various parameters that may be required for a precise calculation of the electromagnetic environment are described in section  6.4.4.
6.4.2. Methodology 
6.4.2.1. Determination of hazard zones
The methodology adopted for the precise method consists firstly in determining the hazardous zones around the transmitters. These zones correspond to circles or sectors centred on the transmitter antennas and with a radius corresponding to the characteristic distance dc of the ordnance.
The characteristic distance dc can be determined simply from the allowable environment of the ordnance and the EIRP of the transmitter, with the aid of the formulae in Table 5.
	Calculation of a characteristic distance as a function of the type of allowable environment

	Expressed as electric field:
	Expressed as power density:

	Ead (V/m)
	dPad (W/m2)
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	where:
· Ead : allowable environment in (V/m) as a function of the frequency considered
· dPad : allowable environment in (W/m2) as a function of the frequency considered
· k : coefficient equal to 2 in the case of reflections in proximity to the ordnance/weapon system (metal structures, etc), otherwise equal to 1
· P : transmitter output power in (W) as a function of the frequency considered
· G : antenna gain in the radio-electric axis compared to an isotropic antenna of linear polarization (unitless) as a function of the frequency considered and equal to 
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where GdBi : antenna gain compared to an isotropic antenna in (dBi)
For an omnidirectional antenna, if the gain is unknown, use GdBi = 4.8 dBi.



Table 5 – Calculation of the characteristic distance of a munition or weapon system
Note:
Depending on whether the allowable environment (Ead or dPad) is average or peak, either the average power or the peak power of the transmission system must be used.
In the case of a transmitter transmitting on several frequency bands, the longest characteristic distance must be used.
It is also important to remember that the result of the calculations is only valid beyond the induction zone.
6.4.2.2. Positioning and compatibility of the ordnance
Once the hazard zone of a transmitter antenna has been defined, it is necessary to check whether the ordnance is inside this zone. Two cases must be considered:
· ordnance outside the hazard zone: no restriction on use (except for the induction zone)
· ordnance inside the hazard zone: the following precautions must be taken:
· reduce the transmitter power (see Table 6) or establish a blanking sector (in the case of radars), or
· calculate the characteristic distance with greater precision, especially if the ordnance is in the near-field zone.
	Power reduction formulas

	On logarithmic scale
	On linear scale
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	where:
· dc = characteristic distance (m)
· D = ordnance-to-antenna distance (m)


Table 6 – Formulas for reducing the transmission power
Note:
Except in special cases (see 6.5), make sure that the ordnance is outside the induction zone of the transmitter antenna.
6.4.3. Comments
If the results of the calculations based on the precise method lead to restrictions that are still judged to be too restrictive to be applied, the National Authority can reduce these restrictions by exploring the following possibilities:
· Directional antennas (especially radar antennas):
· take into consideration the antenna gain in the direction of the ordnance or weapon system (antenna side lobes).
· in the case of the near field of the transmission antenna, improve the precision of the calculations in the main lobe, provided that the characteristics specified in 6.4.4 are available.
· Other:
· Request an organization recognized by the National Authority to conduct a theoretical (analytical method) or experimental evaluation.
6.4.4. Necessary characteristics of the transmission systems
The precise method is able to provide highly precise results. However, this requires prior knowledge of certain characteristics of the transmission  system in order to carry out the calculations.
A non-exhaustive list of these characteristics is provided in Table 7, which constitutes an example specification for a supplier:
	Transmission characteristics
	Transmitter 1
	Transmitter 2

	Location 
	
	

	Illustration
	
	

	Antenna type (circular, patch etc.)
	
	

	Polarizations
	
	

	Description
	
	

	Frequency band
	
	

	Average EIRP (W)
	
	

	Modulation
	
	

	Pulse width (1) (radar)
Li (µs)
	
	

	Repetition frequency(1) (radar)
Fr (Hz)
	
	

	Peak output power
Pc (W)
	
	

	Average output power
Pe (W)
	
	

	Losses (attenuation, impedance mismatch, etc)
(dB)
	
	

	Gain in the transmission band
Ge (dBi)
	
	

	Characteristic dimension of the 'antenna
D (m)
	
	

	Apertures  in elevation and bearing
	
	

	Minimum transmission frequency
fmin (MHz)
	
	

	Maximum transmission frequency
fmax (MHz)
	
	

	Minimum transmission wavelength
λmin (m)
	
	

	Maximum transmission wavelength
λmax (m)
	
	

	Start of far field
(m)
omnidirectional antennas:
d=λ/(2π)
beam antennas
d=2D2/λ
	
	

	Antenna height
	
	

	Minimum elevation and installed masks
	
	


Table 7 – Transmission system characteristics necessary for precise DRAM safety calculation
(1) For radar systems with different waveforms, a simplified approach consists in specifying the largest pulse width and frequency repetition rate  (i.e. the fastest rate).
This information can be supplemented by:
· the antenna radiation diagrams,
· the amplifier frequency response curve,
· etc.
6.5. Use of the DRAM rating
Safety requirements for the operating configurations on the ground (storage, transportation, deployment and platform-loaded) can be defined on the basis of the DRAM rating, which is expressed in the form of colour codes (see 5.3.1) and the DRAM zoning of the ordnance host site (air base, surface vessel etc.), by applying the following rules:
· a “BLUE” munition can be used without DRAM restriction (other than those of 5.1.6) in the site zones where the radio / radar electromagnetic environment remains less than or equal to the SEVERE environment defined in Table A-1 of Annex A. 
· a “GREEN” munition can be used without DRAM restriction (other than those of 5.1.6) in the site zones where the radio / radar electromagnetic environment remains less than or equal to the STANDARD environment defined in Table A-1 of Annex A.
· a “YELLOW” munition can be used without DRAM restriction (other than those of 5.1.6) in the site zones where the radio / radar electromagnetic environment remains less than or equal to the COMMON environment defined in Table A-1 of Annex A.
· an  “ORANGE": or “RED” munition can be used, in compliance with the DRAM restriction of 5.1.6, only in the site zones where the radio / radar electromagnetic environment remains less than or equal to the SAFETY environment defined in Table A-1 of Annex A.
The use of this type of systematic approach requires the preliminary availability of a map of the radio / radar electromagnetic environments in the site zones dedicated to the storage, preparation, staging, deployment and parking of the munitions and weapon systems.
For the off-ground operating configurations (e.g. take-off/landing in the case of an aircraft), the DRAM safety requirements must be defined using the methods described in sections 6.2, 6.3 and 6.4 above.
Note: The safety environment of Table A.1 of Annex A is much more restrictive than the environment specified in the previous standard (GAM DRAM 02 [BIBLIO2]). As a result, a munition classed as ORANG/RED according to Table A-1 is not authorized for use in the site zones having a radio / radar environment less than or equal to the safety environment of  GAM DRAM 02 (reproduced in Table A-2 of Annex A), without further expert analysis by the National Authority, A transitional period has been granted to allow operations personnel to check the compatibility of the environment levels of their sites with the levels defined in Table A-1.
6.6. Special cases
Two special cases should be noted:
· Case where the ordnance is inside the induction zone of an antenna: this case generally occurs when the calculated safety distance is less than the dimensions of the induction zone (3 m or 1.5 m, depending on the transmission power).
· Case of low-power emitters: this case generally occurs during the use of low-frequency emitters derived from civilian technologies (GSM, Bluetooth, RFID, WIFI etc.) or military technologies (PMR etc.) located in close proximity to the ordnance.
6.6.1. Ordnance inside the induction zone of an antenna
In certain cases, a munition may be located inside the induction zone of a transmission antenna. To prevent DRAM risks, given the complexity of ensuring comprehensive control of the various instances of electromagnetic coupling in this zone, it is necessary to carry out a specific analysis of the electromagnetic couplings.
· Either it is possible to conduct an experimental evaluation in a transmission configuration representative of the electromagnetic couplings in the induction zone:
· Generally, the experimental test consists in placing an instrumented mock-up of the munition in the induction zone. The munition must be tested in accordance with the different positions where it can be placed, in order to cover all the cases of coupling possible in the induction zone.
· Or a theoretical evaluation can be carried out, provided that adequate experience feedback is available:
· Generally, if a transmission antenna and a munition have already been subject to experimental evaluation in the induction zone, some of the obtained results can be re-used for a similar integration in a different weapons programme. In this case, the electromagnetic environment in the induction zone must be characterized in order to determine the extent to which the previously obtained results can be transposed.
Note:
A characterization of the electromagnetic environment in the proximity of a transmission antenna is not alone sufficient to determine the DRAM safety requirements in the induction zone.
6.6.2. Low-power emitters
Low-power emitters (average EIRP < 5 W) are subject to special safety requirements due to:
· the development of their use by operations personnel,
· restrictions in their use, with the precise method, often due to the induction zone of the antennas.
Note:
In the presence of a monopole or dipole antenna, if the antenna’s EIRP or gain is not known, it is necessary to assume an antenna gain equal to 4.8 dB in order to calculate the EIRP.
These requirements have been drawn up on the basis of:
· specific DRAM evaluations of the main low-power emitter families encountered in the French armed forces,
· the NATO bibliography ([DR02]).
They have been defined for application to any munition, regardless of its DRAM rating (including a DRAM RED munition).
These safety requirements are applied as a function of the type of emitters or their characteristics (transmission frequency and EIRP). The flowchart in Figure 8 describes the process for determining the minimum safety distance to be specified for a low-power emitter according to its type (Tables 8 and 9).
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Figure 8 – Definition of the DRAM safety requirements for low-power emitters
	Type of emitter
	Minimum safety distance(2)
(m)
	Origin

	Wi-Fi / Bluetooth emitters (EIRP < 2 W)
	0(1)
	National Authority:

	Cellular mobile phones (EIRP < 2 W)
GSM (2G), 3G, 4G
	0.2
	National Authority:

	RFID readers (Frequencies > 800MHz / EIRP < 2 W)
	0.2
	National Authority:

	RFID gates (Frequencies > 800MHz / EIRP < 2 W)
	0.5
	National Authority:

	TPED (Frequencies > 400MHz / EIRP < 5 W)
	0.5
	National Authority:

	(1) No contact with the transmission antenna is permitted.
(2) In certain cases, expert analysis may allow a reduction of this distance as a function of the DRAM rating of the munition (except fin the case of DRAM RED and ORANGE).


Table 8 – Safety distances to be applied for the main low-power emitter families
	Characteristics of the transmission system
	Minimum safety distance
(m)
	Origin

	EIRP ≤ 25 mW
Frequencies ≥ 100 MHz
	0(1)
	NATO ([DR02])

	25 mW ≤ EIRP ≤ 100 mW
Frequencies ≥ 1 GHz
	0.3
	NATO ([DR02])

	25 mW ≤ EIRP ≤ 100 mW
200 MHz ≤ Frequencies < 1 GHz
	1.5
	NATO ([DR02])

	(1) No contact with the transmission antenna is permitted.


Table 9 – Safety distances to be applied for a low-power emitter as a function of its frequency range and EIRP
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ANNEXE A: MAXIMUM ALLOWABLE ENVIRONMENTS CORRESPONDING TO THE DRAM RATINGS
Table A-1 presents the allowable environments corresponding to the severe, standard, common and safety environments assigned to the DRAM ratings
	Frequencies
	Environments

	
	Severe(1)
(DRAM BLUE)
	Standard(1)
(DRAM GREEN)
	Common(1)
(DRAM YELLOW)
	Safety(2)(3))
(DRAM ORANGE/RED)

	RADIO
	150 to 525 kHz
	300 V/m
	300 V/m
	10 V/m
	1/F V/m
(F in MHz)

	
	525 to 600 kHz
	
	200 V/m
	
	

	
	600 kHz to 2 MHz
	200 V/m
	
	
	

	
	2 MHz to 32 MHz
	
	
	
	0.5 V/m

	
	32 to 80 MHz
	60 V/m
	60 V/m
	
	

	
	80 to 150 MHz
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	RADAR
	150 to 225 MHz
	200 W/m2
	100 W/m2
	0.26 W/m2
	

	
	225 to 790 MHz
	150 W/m2
	50 W/m2
	
	

	
	790 MHz to 2.7 GHz
	4000 W/m2
	1000 W/m2
	100 W/m2
	

	
	2.7 to 3.6 GHz
	4000 W/m2
	
	
	

	
	3.6 to 4.5 GHz
	1000 W/m2
	
	
	

	
	4.5 to 5.4 GHz
	1000 W/m2
	
	
	

	
	5.4 to 5.9 GHz
	4000 W/m2
	
	
	

	
	5.9 to 7.9 GHz
	1000 W/m2
	
	
	

	
	7.9 to 8.4 GHz
	1750 W/m2
	
	
	

	
	8.4 to 10 GHz
	4000 W/m2
	
	
	

	
	10 to 11 GHz
	4000 W/m2
	
	
	

	
	11 to 18 GHz
	1000 W/m2
	
	
	

	
	18 to 40 GHz
	100 W/m2
	100 W/m2
	
	


Tableau A-1: Environments corresponding to the DRAM ratings
(1) The values attached to the severe, standard and common environments are identical to those of the previous DRAM standard [BIBLIO 2].
(2) The safety environment is based on [DR03] and has been partly determined on the basis of a worst-case munition having the following characteristics: 
· initiator with low INF,
· with coaxial initiator,
· operated in deployed configuration
(3) If F is greater than 31 GHz, the safety environment should be considered to be equal to 100 W/m2 to prevent any inconsistencies with the other environments.
Subject to knowledge of this type of information concerning the munition, and subject to the agreement of the National Authority and outside the framework of interoperability, it is possible to consider an alternative safety environment corresponding to the safety environment previously defined by [BIBLIO2] and reproduced in Table A-2.
	Frequencies
	Alternative Safety Environment

	RADIO
	10 to 525 kHz
	2/F V/m
(F in MHz)

	
	525 to 600 kHz
	

	
	600 kHz to 5 MHz
	

	
	5 to 13.3 MHz
	0.4 V/m

	
	13.3 to 32 MHz
	0.03/F V/m
(F in MHz)

	
	32 to 1000 MHz
	

	RADAR
	150 to 225 MHz
	F2 W/m2
(F en GHz)

	
	225 to 790 MHz
	

	
	790 MHz to 2.7 GHz
	

	
	2.7 to 3.6 GHz
	

	
	3.6 to 4.5 GHz
	

	
	4.5 to 5.4 GHz
	

	
	5.4 to 5.9 GHz
	

	
	5.9 to 7.9 GHz
	

	
	7.9 to 8.4 GHz
	

	
	8.4 to 10 GHz
	

	
	10 to 11 GHz
	100 W/m2

	
	11 to 18 GHz
	

	
	18 to 40 GHz
	


Tableau A-2: Alternative safety environment according to previous standard [BIBLIO2]
Table A-3 gives the value of the numerical indexes (0 à 6) of the ordnance codes specified in the previous DRAM standard [BIBLIO2].
	
	Field intensity (V/m)
	Power density  (W/m²)

	Power index
	R
200 kHz
600 kHz
	T
600 kHz
32 MHz
	A
32 MHz
150 MHz
	V
150 MHz
790 MHz
	W
790 MHz
4.5 GHz
	Y
4.5 GHz
18 GHz
	Z
18 GHz
40 GHz

	6
	300
	200
	200
	4000
	-

	5
	100
	26
	1000
	-

	4
	60
	10
	400

	3
	20
	1
	200

	2
	10
	0:26
	100
	-

	1
	6
	3
	0:10
	10
	40
	-

	0
	2
	0:40
	0:50
	0:05
	1
	20
	100

	
	Munition not DRAM tested


Table A-3: SRAD codes of ordnance according to previous DRAM standard [BIBLIO2]
ANNEXE B:  EXAMPLE ORDNANCE-ENVIRONMENT SPECIFICATION
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ANNEXE C: COMPATIBILITY BETWEEN DRAM COMPLIANCE RATINGS AND OPERATING CONFIGURATIONS
Table C-1 shows, for a given ordnance item, the operating conditions that do not require any restrictions as a function of:
· the DRAM compliance of the ordnance
· its operating environment
	
	Physical configuration of an ordnance item as a function of the environment and DRAM compliance
(compatibility between DRAM compliance / configuration phases)

	DRAM Compliance
	Ground
	Air
	Fleet Air
	Sea

	HERO SAFE A1
	ST/TR
MEO
Platform-loaded
	ST/TR
MEO
Platform-loaded on ground
	/
	/

	HERO SAFE A2
	/
	/
	/
	ST/TR
MEO
Platform-loaded all platforms

	HERO SAFE A3
	/
	/
	/
	Post-launch

	HERO SAFE A4
	Transport by A/C
	Transport by A/C
Platform-loaded on A/C in flight
	/
	/

	HERO SAFE A5
	Transport by H/C
	Transport by H/C
Platform-loaded on H/C in flight
	/
	/

	HERO SAFE A6
	/
	/
	Platform-loaded on A/C in flight
	/

	HERO SAFE A7
	/
	/
	Transport by H/C
Platform-loaded on H/C in flight
	Transport by H/C

	HERO SAFE A8
	/
	/
	ST/TR
MEO:
Platform-loaded on flight deck
	/

	HERO SAFE A9
	Free flight


Table C-1 : Determination of restriction-free use of an ordnance item per configuration phase as a function of its DRAM compliance
ANNEXE D: CALCULATION OF THE SAFETY DISTANCES WITH THE AID OF THE INDEX METHOD
Table D-1 specifies the safety distances, which have been rounded for easier operational consideration
These safety distances are higher than those defined in the previous DRAM standard (BIBLIO2]. 
	SRAD
	TRAD

	
	R, T, U,V, WA, WB, YA, YB, Z

	R
	T
	A
	V
	WA
	WB
	YA
	YB
	Z
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	
	
	
	
	
	
	
	7
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	90
	160

	
	
	
	
	
	7
	
	
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	90
	160

	
	
	
	
	
	
	7
	
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	10
	20
	40
	60
	100
	180

	
	
	
	
	
	6
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	80
	150
	250

	
	
	
	
	7
	
	
	
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	40
	80
	130
	240
	400

	
	
	
	
	6
	
	
	
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	80
	140
	260
	440

	
	
	
	
	5
	
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	90
	160
	290
	490

	
	
	
	
	
	
	
	
	7
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	10
	20
	40
	60
	100
	180
	320
	550

	
	
	
	
	
	
	
	
	6
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	20
	40
	70
	120
	200
	370
	640

	
	
	
	
	
	
	
	
	5
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	40
	70
	130
	220
	400
	700

	
	
	
	7
	4
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	80
	150
	250
	450
	780

	
	7
	
	
	
	
	
	
	
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	10
	20
	40
	60
	100
	190
	320
	580
	1000

	
	
	
	6
	3
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	20
	40
	70
	110
	200
	350
	640
	1100

	7:6
	6
	7
	
	2
	3
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	90
	160
	290
	490
	900
	1600

	
	
	6
	
	
	
	1
	1
	1
	3
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	80
	150
	250
	450
	780
	1500
	2500

	5
	
	
	
	
	
	3
	3
	3
	3
	3
	3
	10
	10
	10
	20
	30
	60
	100
	180
	300
	550
	950
	1800
	3000

	4
	1
	0
	0
	3
	3
	3
	3
	3
	3
	10
	10
	20
	30
	50
	100
	160
	290
	500
	920
	1600
	2900
	>5000

	3
	0
	
	
	
	3
	3
	3
	3
	10
	10
	20
	30
	50
	90
	150
	280
	480
	870
	1500
	2800
	4800
	>5000
	>5000

	2
	
	
	
	
	
	3
	3
	10
	10
	10
	20
	40
	60
	100
	180
	300
	550
	950
	1800
	3000
	>5000
	>5000
	>5000
	>5000

	1
	
	
	1
	
	
	
	
	
	3
	3
	10
	10
	20
	30
	60
	90
	160
	290
	490
	900
	1600
	2900
	4900
	>5000
	>5000
	>5000
	>5000

	
	
	
	0
	
	
	
	
	
	3
	10
	10
	20
	30
	40
	80
	130
	230
	400
	700
	1300
	2200
	4000
	>5000
	>5000
	>5000
	>5000
	>5000

	
	1
	
	
	
	
	
	
	10
	10
	20
	20
	40
	60
	110
	190
	330
	580
	1000
	1900
	3200
	>5000
	>5000
	>5000
	>5000
	>5000
	>5000

	0
	
	
	
	
	
	
	
	
	10
	10
	20
	30
	50
	90
	160
	280
	490
	870
	1500
	2800
	4800
	>5000
	>5000
	>5000
	>5000
	>5000
	>5000

	
	0
	
	
	
	
	
	
	20
	40
	70
	110
	200
	350
	620
	1100
	2000
	3500
	>5000
	>5000
	>5000
	>5000
	>5000
	>5000
	>5000
	>5000
	>5000


Table D-1: Safety distances using the index method
ANNEXE E: DEFINITION OF DRAM SAFETY REQUIREMENTS - EXAMPLES
This annex provides practical examples of defining DRAM safety requirements, to help better understand the document and assist the operations personnel in their missions.
E.1 Deploying a munition on a helicopter (fleet-air environment)
E.1.1 Problem
This example examines the DRAM specifications during the platform-loading of a missile on a helicopter on the flight deck of an aircraft carrier.
The missile has the following DRAM compliance (HERO SAFE) levels:
· HERO SAFE A7,
· HERO SAFE A8.
E.1.2 Phases of the system life-cycle profile
In this example, the key phase of the life-cycle profile is the deployment (“MEO”) phase of the munition.
However, this phase of the life-cycle profile also implicitly includes consideration of the following phases:
· Storage/transportation of the ordnance (ST/TR) on the flight deck
· Ordnance platform-loaded on the helicopter on the flight deck
E.1.3 Use of DRAM compliance
Table C-1 can be used to determine if the phases of the life-cycle profile described above require any restrictions on use.
The phases presenting no restriction are shown in Table E-1. These phases correspond to the cells defined by the intersection of DRAM compliance (row) with the environment (column). .
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Table E-1 : Phases of the life-cycle profile without restriction of use (fleet-air environment)
E.1.4 Conclusion
The following phases of the life-cycle profile of a munition present no restriction of use for the fleet-air environment:
· ST/TR,
· MEO (Deployment),
· Missile platform-loaded on the helicopter on the flight deck
The only DRAM requirements that must be observed are those for the induction zone (see 5.1.6).
E.2.Test launch of a cruise missile (sea environment)
E.2.1 Problem
This case-study examines the DRAM requirements for the test launch of a cruise missile that is still under development from a surface ship.
The missile, which has not yet undergone complete DRAM evaluation, only has the following DRAM compliance rating:
· HERO SAFE A2
E.2.2 Phases of the system life profile
In this example, the phase of the life-cycle profile of interest is the immediate post-launch phase, i.e. the phase when the missile has just been launched and has not yet reached its safe separation distance from the ship.
Note:
To simplify the problem, this phase concerns the interval during which the missile passes through the beam of the ship’s surveillance radar in very close proximity to the ship.
However, this phase of the life-cycle profile also implicitly includes consideration of the following phases:
· Platform-loaded on the ship deck (all decks)
· Free flight, i.e. missile beyond the safe separation distance from the ship.
E.2.3 Use of DRAM compliance
Table C-1 can be used to determine if the phases of the life-cycle profile described above require any restrictions in use.
The phases presenting no restriction are shown in Table E-2. These phases correspond to the cells defined by the intersection of DRAM compliance (row) with the environment (column). . 
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Table E-2: Phases of the life-cycle profile without restriction of use (marine environment)
E.1.4 Conclusion
The following phase of the life-cycle profile of a munition has no restriction of use for the fleet-air environment:
· Platform-loaded on the ship deck 
Concerning the immediate post-launch phase of the missile, the surveillance radar must be switched off until the missile is beyond the safe separation distance from the ship.
Concerning the free flight phase, the test launch must be conducted at a long distance from radio and radar sources.
Note:
When development of the missile is complete, and its DRAM compliance has been fully certified, the missile will be certified HERO SAFE A3 and HERO SAFE A9. This will enable the restrictions specified above to be lifted.
E.3.Handling/loading a missile onto a ship of the French Navy (Sea environment)
E.3.1 Problem
This method consists in using:
· the index method (with transmitter codes),
· the precise method
· to lift the restrictions on use,
· to reduce the transmission power if necessary.
The aim here is to examine the DRAM aspects of the operations of handling/loading a missile from the quay to a surface ship B1 in an electromagnetic environment generated by a surface ship B2.
The transportation and loading of the missile are conducted using a service vessel with a minimum distance from ship B2 of 45 m (see Figure E-1).
The distance between ship B1 and ship B2 is also greater than 45 m.
To simplify the problem, the following hypotheses have been formulated:
· ship B1 is not equipped with radio/radar transmitters
· ship B2 is not equipped with ordnance
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	Radio transmitters.
	Radar transmitters.
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Figure E - 1 : Routing of the service vessel
E.3.2. Application of the index method:
E.3.2.1 Transmitter codes
The transmitter codes are determined by the characteristics of the transmitters, with reference to Table D-1.
In this example, the antenna gain of the radio transmitters is unknown.
The DRAM codes obtained by this method are shown in Table E-3:
	Transmitter
	Average power
(Watts)
	Antenna gain:
(dBi)
	Frequency band
(MHz)
	Transmitter TRAD code 

	Radar 1
	6000
	30
	1200 - 1400
	WA 14

	Radar 2
	1200
	30
	2800 - 3400
	WB 13

	Radar 3
	35
	36
	9000
	YB 11

	Radio 1
	1000
	4.8(1)
	6 - 15
	T7

	Radio 2
	300
	4.8(1)
	6 - 15
	T6

	Radio 3
	400
	4.8(1)
	6 - 15
	T7


(1) a fixed value of 4.8 dBi is used, in accordance with section 6.4.2.1 
Table E-3: Transmitter codes
E.3.2.2 Ordnance code
The SRAD code of the missile in its storage/transportation configuration is as follows:
	R6
	T4
	U3
	V3
	WA3
	WB3
	YA6
	YB6
	Z0(1)


(1) the missile has not been evaluated in band Z, and so an index of Z0 is used
Note:

The SRAD code of the missile is available in its Ordnance-Environment Specification or in the DRAM database distributed to operations personnel.
E.3.2.3 Determination of the safety distance
Table D-1 can be used to define the safety distances between the missile and each transmitter of ship B2 (Table E-4).
	Transmitter
	Radar 1
	Radar 2
	Radar 3
	Radio 1
	Radio 2
	Radio 3

	Transmitter TRAD code
	WA14
	WB13
	YB11
	T7
	T6
	T7

	Ordnance SRAD code(1)
	WA3
	WB3
	YB6
	T4
	T4
	T4

	Safety distance (m)
	70
	40
	3
	10
	3
	10


(1) in the frequency band used by the transmitter
Table E-4: Safety distances obtained by the index method
E.3.2.4 Conclusion
Transmitter “Radar 1” imposes a restriction, because its safety distance of 70 m is greater than the distance of 45 m between the missile and ship B2. So, this radar must be deactivated before the arrival of the service vessel and for the full duration of loading the missile on board. If this restriction is judged to be unacceptable, the precise method must be used.
E.3.3 Application of the precise method
E.3.2.3 Calculation of the safety distance
The minimum safe separation distance to be established around an ordnance item must be greater than the characteristic distance of the ordnance for the frequency range considered.
The characteristic distance of the ordnance in the frequency band of Radar 1 is determined by applying the formula given in section 6.4.2.1 and reproduced below:
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where:
· G
= 1000 (30 dB)
· Pm
= 6000 W
· k
= 2 (reflections on metal superstructures)
· dPad
= 280 W/m² (allowable environment of the ordnance in the frequency range of Radar 1)
Therefore:
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The safety distance must be greater than 58.4 m.
E.3.3.2 Conclusion
Despite the use of the precise method, the safety distance remains greater than 45 metres. The precise method is unable to lift the operating restrictions on Radar 1 for a full-power transmission while the missile is being loaded onto the ship.
However, the precise method does enable calculation of the maximum transmission power of Radar 1 compatible with a safety distance of 45 m:
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where:
· dc
= 45 m
· G
= 1000 (30 dB)
· k
= 2 (reflection on metal elements)
· dPad
= 280 W/m² (allowable environment of the ordnance in the frequency range of Radar 1)
Therefore:
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The maximum authorized average transmission power of Radar 1 during transportation and loading of the missile is 3500 W.
E. 4. Platform-loading of a missile under an aircraft and flight of the armed aircraft at an airbase
E.4.1. Problem:
This example, for a life-cycle profile of a munition comprising two distinct phases, consists in using:
· the index method,
· the precise method.
The aim is to lift the restrictions on use  and to reduce the transmission power if necessary.
The following parameters are examined with regard to DRAM:
· the transport of a missile to an aircraft for loading on its platform (see Figure E-2),
· the routing of the aircraft, equipped with the missile, from the apron to the take-off runway via the taxiway (see Figure E-3).
These different operations are carried out in the electromagnetic environment of the airbase.
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Figure E - 2: Transport route of the containerized ordnance 
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Figure E - 3: Transport
Figure E-3 Route of the aircraft to the runway  

E.4.2 List of transmitters
The radio and radar transmitters are identified by the following symbols in Figures E-2 and E-3:
	Radio transmitters.
	Radar transmitters.
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The transmitters at the air base have the characteristics specified in Table E-5
	Transmitters
	Frequency range
	Average power
(W)
	Antenna gain
(dBi)
	Transmitter TRAD code(2)

	Radio 1(1)
	200 - 400 KHz
	400
	4.8
	R6

	Radio 2
	100 - 156 MHz
	20
	5
	U4 V4(3)

	Radio 3(1)
	6 - 24 MHz
	1000
	4.8
	T7

	Radio 4
	6 - 30 MHz
	5000
	0
	T8

	Radar 1
	3.08 - 3.2GHz
	1000
	20
	WB11 (or W11)

	Radar 2
	8 - 9.45 GHz
	180
	32
	YA11YB11(Y11)

	Radar 3
	900 - 1200MHz
	6000
	20
	WA12


 (1) The antenna gain of the transmitter is unknown. A gain of 4.8 dB (3 with linear polarization) is therefore used
(2) The TRAD codes were determined with reference to Table D-1.
(3) The transmitter has a frequency range straddling two bands, and so the dual index U4V4 is used.
Table E - 5: Transmitter codes - missile only
E.4.3 Definition of the DRAM safety requirements for each phase of the life-cycle profile
E.4.3.1 Missile in container (ordnance transportation)
E.4.3.1.1 Index method
The SRAD code of the missile in container (storage/transportation configuration) is as follows:
	R3
	T1
	U3
	V3
	W1
	Y2
	Z0


With the aid of Table D-1, it is possible to determine the minimum separation distances to be maintained, as defined in Table E-6:
	Transmitter
	Radar 1
	Radar 2
	Radar 3
	Radio 1
	Radio 2
	Radio 3
	Radio 4

	Transmitter TRAD code
	WB11
	YA11YB11
	WA12
	R6
	U4
	V4
	T7
	T8

	Ordnance code
	W1
	Y2
	W1
	R3
	U3
	V3
	T1
	T1

	Distance in metres
	50
	20
	100
	10
	3
	3
	110
	190


Table E - 6: Safety distances obtained by the index method - missile only
Figure E-2 shows that Radar 3 presents a problem, because the minimum safety distance around it is 100 m, with the result that the route taken by the missile passes through the hazard zone around the radar.
So, it is necessary to stop this transmitter while the munition is passing. If this restriction is judged to be unacceptable, the precise method must be used.
E.4.3.1.2 Precise method
The minimum safe separation distance to be established around an ordnance item must be greater than the characteristic distance of the ordnance for the frequency range considered.
The characteristic distance of the ordnance in the frequency band of Radar 3 is determined by applying the formula given in section 6.4.2.1 and reproduced below:
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where (for radar 3):
· G
= 100 (20 dB)
· Pm
= 6000 W
· k
= 1 (no reflections on metal superstructures)
· dPad
= 28 W/m² (allowable environment of the containerized ordnance in the frequency range of Radar 3)
Therefore:
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Despite the use of the precise method, the safety distance remains greater than 30 metres. 
The precise method is unable to lift the operating restrictions on Radar 3 for a full-power transmission while the missile is being transported.
However, the following formula, defined in section 6.4.2.2, does enable calculation of the maximum transmission power of Radar 3 compatible with a safety distance of 30 m:
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This means imposing a power reduction of approximately 50%, giving an operating power of approximately 3 kW for Radar 3 (3165 W to be precise). 
Consequently, at the time when the missile in its container passes in front of radar 3, the average power of radar 3 must be no more than 3165 W.
E.4.3.2 Missile installed on the aircraft
E.4.3.2.1 Index method
The SRAD code of the missile in its platform-loaded configuration on the aircraft is as follows:
	R2
	T0
	U2
	V2
	W0
	Y1
	Z0


With the aid of Table D-1, it is possible to determine the minimum separation distances to be maintained, as defined in Table E-7:
	Transmitter
	Radar 1
	Radar 2
	Radar 3
	Radio 1
	Radio 2
	Radio 3
	Radio 4

	Transmitter TRAD code
	WB11
	YA11YB11
	WA12
	R6
	U4
	V4
	T8
	WB11

	Ordnance code
	W0
	Y1
	W0
	R2
	U2
	V2
	T0
	T0

	Distance (m)
	150
	30
	280
	20
	10
	10
	620
	1100


Table E - 7: Safety distances obtained by the index method - missile platform-loaded
Figure E-3 shows that the Radio 1, Radio 2 and Radar 2 transmitters do not pose any problem. The one precaution necessary, in the case of Radar 2, is to avoid approaching to a distance of less than 30 m from this radar on the parking apron.
By contrast, a DRAM hazard does exist for Radio 3, Radio 4 and Radar 1 transmitters. This is because the taxiway used by the armed aircraft passes through the hazard zones of these transmitters. So, it is necessary to use the precise method.
E.4.3.2.2 Precise method
Radio 3:
The characteristic distance of the ordnance in the frequency band of Radio 3 is determined by applying the formula given in section 6.4.2.1 and reproduced below:
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where:
· G
= 3 (4.8 dB)
· Pm
= 1000 W
· k
= 1 (no reflections on metal superstructures)
· Ead
= 2.5 V/m (allowable environment in band T of the platform-loaded missile on the aircraft, obtained from the ordnance-environment specification)
Radio 4:
The characteristic distance of the ordnance in the frequency band of Radio 4 is determined by applying the formula given in section 6.4.2.1 and reproduced below:
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where:
· G
= 3 (4.8 dB)
· Pm
= 5000 W
· k
= 1 (no reflections on metal superstructures)
· Ead
= 2.5 V/m (allowable environment in band T of the platform-loaded missile on the aircraft, obtained from the Ordnance-Environment Specification)
Radar 1:
The characteristic distance of the ordnance in the frequency band of Radar 1 is determined by applying the formula given in section 6.4.2.1 and reproduced below:
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where:
· G
= 100 (20 dB)
· Pm
= 1000 W
· k
= 1 (no reflections on metal superstructures)
· dPad
= 6.6 W/m2 (allowable environment in band W of missile M1 platform-loaded on aircraft A1, obtained from the Ordnance-Environment Specification)
Conclusion :
Radar 1 no longer imposes any restrictions. However, the Radio 3 and 4 transmitters still have restrictions on their use.
In the case of Radio 3, the transmission power reduction while the armed aircraft is passing must be:
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This corresponds to a transmission power of 700 W.
In the case of the Radio 4 transmitter, in order to allow a separation distance dc of less than 200 m, a similar calculation indicates a reduction of 2.6 dB.
E.5 Cohabitation of two ground weapon systems
E.5.1. Problem:
This example, for a life-cycle profile of a munition comprising two distinct phases, consists in using:
· the index method,
· the precise method.
The aim is to examine the DRAM requirements for a field deployment of a missile battery mounted on a tracked vehicle (BAT), together with its command post (PC), and a surface-to-air weapon system (ANT). The two weapon systems must be positioned close to each other and are equipped with munitions and radio/radar transmitters.
The ANT weapon system is rated “DRAM YELLOW”.
Figure E-4 describes the operational situation:
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Figure E - 4: Cohabitation of 2 ground weapon systems
The DRAM evaluation can be divided into 3 aspects:
· Case 1: influence of radio transmitter E1 of the ANT system on the SSM missiles of the BAT.
· Case 2: influence of the radio-radar transmitters of the BAT tracked vehicle (E2, R1, R2 and R3) on the SAM missiles of the ANT.
· Case 3: influence of the radio transmitter of the BAT PC (E3) on the ANT weapon system.
The influence of transmitter E2 on the SSM missiles and of transmitter E1 on the SAM missiles does not have to be examined, because the missiles have undergone platform-mounted DRAM evaluation for the internal transmitters of their weapon systems and do not require any restrictions on their use.
E.5.2. List of transmitters
The characteristics of the radio and/or radar transmitters known to the users are described in Table E-8.
	Case
	Transmitter
	Frequency range
	Power
(W)
	Antenna gain:
(dBi)
	Observations

	1
	Radio E1
	26 - 72MHz
	1000
	0
	Omnidirectional antenna

	2
	Radio E2
	26 - 72MHz
	15
	0
	Omnidirectional antenna

	
	Radar R1
	1.3 GHz
	200
	20
	

	
	Radar R2
	16GHz
	20
	40
	

	
	Radar R3
	16GHz
	100
	40
	

	3
	Radio E3
	2 - 12MHz
	100
	0
	Omnidirectional antenna


Table E - 8: Characteristics of the transmitters
E.5.3. Application of the index method:
E.5.3.1. Transmitter codes
The TRAD codes obtained are as follows: 
	ANT system transmitter
	Radio E1: T7 U7

	BAT system transmitters
	Radio E2: T3 U3

	
	Radar R1: W9

	
	Radar R2: Y11

	
	Radar R3: Y13

	
	Radio E3: T5


E.5.3.2. Ordnance codes
The SRAD codes known to the users are as follows:
SSM Missile:
	R5
	T2
	U2
	V3
	W4
	Y5
	Z4


(SRAD code for platform-mounted configuration)
SAM Missile:
	R6
	T1
	U1
	V3
	W0
	Y2
	Z3


(SRAD code for platform-mounted configuration)
E.5.3.3 Determination of safety distances
With the aid of Table D-1, it is possible to determine the minimum separation distances to be maintained, as defined in Table E-9:
	Case
	1
	2
	2
	2
	2
	3

	Transmitter
	Radio E1
	Radio E2:
	Radar R1
	Radar R2
	Radar R3
	Radio E3

	System
	BAT
	ANT
	ANT
	ANT
	ANT
	ANT

	Distance
(m)
	40
	20
	50
	20
	50
	40


Table E - 9: Safety distances obtained by the index method
E.5.3.4 Conclusion
Case 1:
BAT must not be driven to a distance of less than 40 m from ANT
Case 2:
The tracked vehicle of BAT must not pass at a distance of less than 50 m from ANT.
Case 3:
The BAT PC must not be positioned at a distance of less than 40 m from ANT.
So, there is no radio-radar restriction if the distance between the two weapon systems BAT (including its PC) and ANT remains more than 50 m.
Given the equipment concerned, this distance is acceptable. However, the precise method should enable this distance to be reduced.
E. 5.4. Application of the precise method
E.5.4.1 Determination of safety distances
Application of the formulas of the precise method enables the establishment of Table E-10, where the values Ead and dPad are the allowable environmental levels resulting from the corresponding DRAM evaluations:
· at the SSM missile for case 1,
· at the SAM missile for cases 2 and 3.
	Case
	Transmitter
	G
(dB)
	Antenna
	k
	Pm
(W)
	Ead
V/m:
	dPad
(W/m2)
	dc

	1
	Radio E1
	0
	Omnidirectional
	1
	1000
	10
	/
	30 m

	2
	Radio E2:
	0
	Omnidirectional
	1
	15
	8
	/
	4.5 m

	
	Radar R1
	20
	Directional
	1
	200
	/
	2 W/m²
	28 m

	
	Radar R2
	40
	Directional
	1
	20
	/
	100 W/m²
	12 m

	
	Radar R3
	40
	Directional
	1
	100
	/
	100 W/m²
	28 m

	3
	Radio E3
	0
	Omnidirectional
	1
	100
	60
	/
	1,5 m1


(1) This distance must be increased to 3 m, because it is less than the induction zone of the antenna.
Table E - 10: Safety distances obtained by the precise method
E.5.4.2 Conclusion
Case 1:
The only constraint is that the BAT tracked vehicle (SSM missiles) must not come within a distance of less than 30 m from ANT.
Case 2:
The BAT tracked vehicle must pass at a distance of more than 28 m from the ANT system (SAM missiles).
Case 3:
The BAT PC must be kept at a distance of more than 3 m from the ANT SAM missile (induction zone of transmitter E1).
So, there is no radio-radar restriction if the distance between the two weapon systems BAT (including its PC) and ANT remains more than 30 m.
The precise method has been able to reduce these safety distance in two of these cases:
· Case 2: reduction of the characteristic distance from 50 m to 28 m,
· Case 3: reduction of the characteristic distance from 40 m to 3 m,
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