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Chapter 9

PROTECTION OF ELECTRO-EXPLOSIVE DEVICES FROM

RADIATED ELECTROMAGNETIC ENERGY

Section 9A–Electrical Energy Hazards to Electro-Explosive Devices

9.1.  General.  Electro-explosive devices (EEDs) are typically designed to be initiated by low levels of electrical energy.  As such, they are susceptible to unintentional ignition by many forms of direct or induced electrical energy such as from lightning discharges, static electricity, or turbo-electric (friction-generated) effects.  Another aspect of this hazard is the accidental initiation of EEDs by electromagnetic energy.  Electromagnetic energy can be either conducted or radiated.

9.2.  Conducted Electromagnetic Energy.  Conducted electromagnetic energy is imposed on circuits from other subsystems or sources by various methods.  Examples are inductive or capacitive coupling from other cabling, sneak ground circuits, defective components or wiring, or errors in design.  Protection of EEDs from conducted electromagnetic energy should be designed into a weapons system as part of the system safety design process.  (design requirements for EMR protection are being considered for incorporation into 6055.9; will put into Chapter 4 if they are approved)
9.3.  Radiated Electromagnetic Energy.  The requirements in this chapter are designed to preclude inadvertent EED initiation from radiated electromagnetic energy via ground and airborne RF emitters.  Susceptibility to electromagnetic radiation (EMR) is dependent on a number of variables.  Among these are the no-fire sensitivity level of the EED; the configuration of the leads, circuit, or installation; and the frequency and power density of the EMR environment.

Section 9B–Responsibilities for EMR Analyses

9.4.  Weapons Safety Personnel.  Weapons safety personnel are responsible for ensuring EMR analyses are conducted for EEDs at their installation.

9.5.  Communications Squadron.  The Communications Squadron is responsible for:


9.5.1.  Providing weapons safety personnel with RF emitter data necessary to conduct EMR analyses.


9.5.2.  Performing EMR surveys as required by weapons safety personnel.


9.5.3.  Coordinating with weapons safety prior to locating new RF emitters on the installation.


9.5.4.  Coordinating with weapons safety prior to relocating RF emitters, or changing frequency, gain, or power characteristics of RF emitters on the installation.

Section 9C–Assistance for EMR Analyses

9.6.  Software Tool.  AFSC/SEW has automated the EMR analyses calculations in an Excel spreadsheet.  A copy of this spreadsheet can be downloaded from the AFSC/SEW website at  http://safety.kirtland.af.mil/AFSC/RDBMS/Weapons/weapons.html.

9.7.  Assistance Requests.  When a hazardous situation is suspected or the minimum safe separation distances for a particular location are in question, request assistance from MAJCOM/SEW personnel.


9.7.1.  MAJCOM/SEW personnel may request assistance from AFSC/SEW when conventional weapons systems are involved, and AFSC/SEW and AAC/WN when nuclear weapons are involved.


9.7.2.  AFSC/SEW determines technical support requirements from AFMC agencies who reply directly to AFSC/SEW.  (what does this mean?)

9.7.3.  AFSC/SEW sends decisions to the originating base or command, with information copies to all agencies involved in the decision process.


9.7.4.  MAJCOM/SEW will send information copies of all assistance requests to HQ AFMC/SEW/DRW and applicable air logistics centers, 38th EIW, and ASC/ENACE.


9.7.5.  Assistance requests must include all information needed for a complete understanding of the situation.  Minimum requirements are:



9.7.5.1.  Operating frequencies, pulse widths, pulse repetition frequencies, peak power and average power of each transmitter.



9.7.5.2.  Gain characteristics (main and sidelobe), focal length, largest dimension, scan characteristics (rates, dwell times, angles, etc.), and height above the ground for each antenna.



9.7.5.3.  Type of aircraft, ordnance, and applicable EED involved, along with available characteristics of EED (no-fire power or energy levels).



9.7.5.4.  Base layout and contour map of the area.  Show transportation routes of EED and ordnance subsystems, location of ordnance and EED maintenance, storage, and assembly and disassembly areas and location of all transmitting antennas.

Section 9D–Deviations to EMR Requirements

9.8.  Deviations to EMR Requirements.  Use the criteria in chapter unless a deviation has been authorized for a given hazard in accordance with paragraph 1.4.  If a deviation to the guidance given in this chapter has been authorized, take the following action as appropriate: 


9.8.1.  When the findings apply to a given weapon system, equipment, or explosive item, the applicable weapons system or other TO must be changed to include the criteria.  The agency requesting assistance will notify the command and activity responsible for the TO of the required changes, with information copies to all concerned parties.


9.8.2.  When circumstances make it appropriate, details of the situation and the authority and basis of the approved criteria will appear in permanent base or unit publications.  (installation supplement to 91-201?)
Section 9E–Definitions and Conversion Formulas

9.9.  Effective Radiated Power.  Effective radiated power (ERP) is a product of the transmitter power and the gain of the transmitting antenna.

9.10.  Antenna Gain.  Antenna gain is a measure of the power channeled by a directional antenna.  It is usually provided in decibels (dB).  Sometimes it is provided as a unitless number, Gt.  Use the following formula to convert between G(dB) and Gt:






Gt = log-1[G(dB)/10] = 10[G(dB)/10]
9.11.  Frequency.  Frequency is measured in hertz (Hz) or cycles per second.  Use the following formulas to convert between kHz (1000 Hz), MHz (1,000,000 Hz), and GHz (1,000,000,000 Hz):






1 kHz = .001 MHz






1 GHz = 1000 MHz

9.12.  Transmitter Power.  Transmitter power, Pt, is expressed in watts (W).  If a transmitter is pulsed, it will have both a peak and average Pt.  Generally, peak Pt is the best number to use when determining ERP.  However, pulsed systems with small pulse widths (less than 1 millisecond) may be more accurately represented by average power (see Table 9.1, note 2 and Table 9.2, note 4).

Section 9F–Far Field and Near Field Determination

9.13.  Far Field.  The far field of the antenna provides a more consistent power density environment than that found in the near field.


9.13.1.  The following formulas can be used to determine where the far field begins:
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Rff = distance, in meters (or feet), from transmitting antenna where the far field begins



L = largest dimension of the antenna, meters (or feet)



f = frequency (Hz)



c = speed of light, 3x108 m/s (or 984x106 ft/s)


9.13.2.  When the size or dimensions of the emitter aperture are not known, the following equation should be used to determine the worst-case aperture size:
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9.14.  Near Field.  For near-field conditions, see TO 31Z-010-4, name?, Chapter 6, Section 2.

Section 9G–Methods for Protecting EEDs from EMR Hazards

9.15.  Safe Separation Distance.  The primary means for insuring EMR does not cause inadvertent EED initiation is by limiting the power density to levels below the no-fire sensitivity threshold of the EED.  This is done by maintaining a safe separation distance between the emitter and the EED.  This distance is a factor of the effective radiated power (ERP) and frequency of the emitter.


9.15.1.  Table 9.1 should be used as a guide in setting up safe separation distances between EEDs in conventional munitions and the transmitting antenna of all RF emitters.  Table 9.2 applies similarly to EEDs in all nuclear weapons.  The calculations in Tables 9.1 and 9.2 are based on “worst-case” assumptions, such as EEDs subjected to direct line-of-sight main-beam illumination in far-field conditions. 


9.15.2.  Approximate calculations for safe separation distances can also be made using the nomograph in Figure 9.1 for EEDs in conventional munitions.


9.15.3.  Examples of safe separation distance calculations:



9.15.3.1.  Scenario:





Condition of EED:  Exposed





Transmitter frequency = 300 MHz





Average transmitter power = 1000 watts





Antenna gain = 15dB



9.15.3.2.  Using Table 9.1:





Step 1.  Find the proper column and formula from Table 9.1.  Since the EED is exposed and the frequency is 300 MHz, the applicable formula is:






eq D  =  \f(450,f) x \r(P\s\do4(t)G\s\do4(t))




Step 2.  Determine PtGt where






Pt = 1000 watts (given),






GdB = 15






Gt = log -1 (GdB/10) = 31.6:






PtGt = (1000) (31.6) = 31,600 watts





Step 3.  Substitute these values into the formula:






eq D  =  \f(450,300) x \r(\s\do(31600)\s\do4()) =  267 feet



9.15.3.3.  Using Figure 9.1:





Step 1.  Mark the point where 300 MHz lies on the frequency scale.





Step 2.  Determine the effective radiated power (ERP) by multiplying PtGt where






Pt = 1000 watts (given) 






Gt = log-1 (GdB/10) = log-1 (15/10) = log-1 1.5 ( or Gt = 31.6):






PtGt = (1000) (31.6) = 31,600 watts.






Mark this spot on the effective radiated power scale.





Step 3.  Draw a straight line through the points established in steps 1 and 2 to the distance scale.  The recommended safe separation distance, about 250 feet, is read where the line intersects the distance scale.

9.16.  Maximum Power Density Criteria.  When electrical characteristics of the EEDs are not known or when the minimum safe separation distances cannot be complied with because of lack of real estate or other limitations, a power density and field intensity survey should be made.


9.16.1.  Compare the measured power density with the recommended maximum power density calculated from Table 9.1 for conventional munitions, or Table 9.2 for nuclear weapons.  The measured power density must be no greater than the maximum power density provided in the table.


9.16.2.  Example of power density calculation:



9.16.2.1.  Scenario:





Condition of EED:  In nonmetallic container





Actual measured power density = 450 W/m2




Frequency = 200 MHz



9.16.2.2.  Using Table 9.1:





Step 1.  Find the proper column and formula in Table 9.1.  Since the frequency is 200 MHz, the proper formula to determine maximum safe power density is:






Po = 4.256 x 10-5 x f2





Step 2.  Solve the equation:






Po = 4.256 x 10-5 x (200)2 which yields Po = 1.7 W/m2





Step 3.  Compare the maximum safety power density to the actual measured power density.  The EED is being exposed to 450 W/m2, which is more than the maximum safe power density 1.7 W/m2.  This situation is unacceptable.

Delete this paragraph?

Hazards from static electricity to EEDs in explosive items occur mainly in ground operations.  Some airborne incidents attributed to static electricity probably were due to induced effects from lightning strikes or to stray energy from onboard equipment.

Table 9.1.  Recommended EED Safe Separation Distances and Power Densities for Conventional Munitions.

	Column
	A
	B
	C
	D
	E
	F

	Configuration of EED
	 Worst Case or 
	Exposed EED 
	EED in Storage or Transport 
	EED in

Or
	Leadless EED

	
	Unknown
	
	(Metal Container)
	(Non-metal Container)
	On Aircraft
	

	
	
	Frequency
	Formula
	
	Frequency
	Formula
	
	

	Recommended

Separation Distance (or Formula for
	Use Figure

8.1 or 

Column B
	Up to 

20khz
	eq D  =  .093 x \r(P\s\do4(t)G\s\do4(t))
	eq D  =  .093 x \r(P\s\do4(t)G\s\do4(t))
	Up to 63kHz
	eq D  =  .093 x \r(P\s\do4(t)G\s\do4(t))
	eq D  =  .093 x \r(P\s\do4(t)G\s\do4(t))
	

	Distance)
	
	20kHz to 

2MHz
	eq D  =  4.63 f x  \r(P\s\do4(t)G\s\do4(t))
	
	63kHz to 2MHz
	eq D  =  1.46f x \r(P\s\do4(t)G\s\do4(t))
	
	D=10 feet

	
	
	2MHz to

48.5 MHz
	eq D  =  9.26 x \r(P\s\do4(t)G\s\do4(t))
	
	2 MHz to 

48.5 MHz
	eq D  =  2.93 x \r(P\s\do4(t)G\s\do4(t))
	
	

	
	
	48.5 MHz to 

4.85GHz
	eq D  =  \f(450,f) x \r(P\s\do4(t)G\s\do4(t))
	
	48.5 MHz to

1.53 GHz
	eq D  =  \f(142,f) x \r(P\s\do4(t)G\s\do4(t))
	
	

	
	
	4.85GHz to 

45GHz
	eq D  =  .093 x \r(P\s\do4(t)G\s\do4(t))
	
	1.53 GHz to 

45 GHz
	eq D  =  .093 x \r(P\s\do4(t)G\s\do4(t))
	
	

	Recommended  Maximum Power

Density
	eq P\s\do4(o)  =  \F(0.01W,m\s\up4(2))
	Up to

 20kHz
	eq P\s\do4(o) =  \F(100W,m\s\up4(2))
	eq P\s\do4(o) =  \F(100W,m\s\up4(2))
	Up to 

63kHz
	eq P\s\do4(o) =  \F(100W,m\s\up4(2))
	eq P\s\do4(o) =  \F(100W,m\s\up4(2))
	Not

Applicable

	
	
	20kHz to 

2 MHz
	eq P\s\do4(o)  =  \F(.04,f\s\up4(2))
	
	63kHz to 

2 MHz
	eq P\s\do4(o)  =  \F(.4,f\s\up4(2))
	
	

	
	
	2MHz to 

48.5 MHz
	eq P\s\do4(o)  =  \F(0.01W,m\s\up4(2))
	
	2MHz to 

48.5MHz
	eq P\s\do4(o)  =  \F(0.1W,m\s\up4(2))
	
	

	
	
	48.5 MHz to 

4.85 GHz
	eq P\s\do4(o)  =  4.256 x 10\s\up4(-6) x f\s\up4(2)
	
	48.5MHz to 1.53GHz
	eq P\s\do4(o)  =  4.256 x 10\s\up4(-5) x f\s\up4(2)
	
	

	
	
	4.85GHz to 

45GHz
	eq P\s\do4(o)  =  \F(100W,m\s\up4(2))
	
	1.53GHz to 45GHz
	eq P\s\do4(o)  =  \F(100W,m\s\up4(2))
	
	


Notes:

1.
Column A, Worst Case or Unknown Configuration.  When EEDs are unshielded, or the leads or circuitry could inadvertently be formed into a resonant dipole or loop antenna, or the configuration of the EEDs is unknown.


Column B, Exposed EEDs.  When EEDs are exposed due to maintenance, assembly, or disassembly or the item or munition which contains the EED is exposed due to maintenance, assembly, or disassembly.


Column C, EEDs in Storage or Ground Transport in a Metallic Container.  When EEDs are stored or in a ground transport configuration inside a conductive (metallic) container.  This includes EEDs assembled in a weaponized configuration when the weapon case provides a conductive shield.


Column D, EEDs in Storage or Ground Transport in a Non-Metallic Container.  When EEDs are stored or in a ground transport configuration inside a non-conductive (non-metallic) container such as wood or plastic.


Column E, EEDs In or On Aircraft.  When EEDs or the item or munition containing them are in a transport configuration inside cargo aircraft or externally loaded on an aircraft.


Column F, Leadless EEDs.  When EEDs do not have lead wires and are in the original shipping configurations and/or containers.  This does not include handling and/or installing leadless EEDs (column B applies).

2.  When handling or installing EEDs, use column B even though leadless EEDs are involved, since weapon systems wiring could form a resonant antenna during installation.

3.  When unclear about the appropriate configuration and column to apply, use the most conservative, i.e., the greatest distance or largest power density.

4.  When more than one transmitter is operating in an area, each at a different frequency, the maximum allowable power density is the greatest power density calculated for each of the transmitters. 

5.  For the formulas in this table:


D = distance (ft)


f = frequency (MHz)


Pt = transmitter power (W)

Gt = antenna gain (see paragraph 9.10 to convert from GdB)

Po = maximum power density (W/m2)

6.  Use peak power for Pt except for pulsed systems with pulse widths less than one millisecond (ms).  In this case, use the larger of 1) the average power, or 2) (peak power) x (largest pulse width expressed in ms)/1 ms. Need additional parenthesis in formula?
1 ms = 0.001 seconds

1 μs = 0.001 ms = .000001 seconds

7.  For EEDs with a no-fire sensitivity less than 50 mW, request assistance in accordance with paragraph 9.7.

8.  For frequencies outside the ranges specified in this table, request assistance in accordance with paragraph 9.7. 

9.  Formulas in this table apply to the far field of the antenna only.  For near field requirements, see TO 31Z-10-4, Chapter 6, Section 2.  Far field is determined as stipulated in paragraph 9.13.

Table 9.2.  Recommended EED Safe Separation Distances and Power Densities for Nuclear Weapons.6

Delete note references within the table?

	Configuration of EED
	Maximum Allowable Power Density3
	Safe Separation Distance3,4

	Exposed1
	Frequency5
	Formula
	Formula
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Notes:

1.  Exposed EEDs:  EEDs exposed due to maintenance, assembly, or disassembly.

2.  EEDs in Storage or Ground Transport:  EEDs assembled in a weaponized configuration for storage or ground transportation. 

3.  When more than one transmitter is operating in an area, each at a different frequency, the maximum allowable power density is the greatest power density calculated for each of the transmitters. 

4.  For the formulas in this table:

D = distance (ft)

f = frequency (MHz)

Pt = transmitter power (W)

Gt = antenna gain (see paragraph 9.10 to convert from GdB)

PO = maximum allowable power density (W/m2)

5.  Use peak power for Pt except for pulsed systems with pulse widths less than one millisecond (ms).  In this case, use the larger of 1) the average power, or 2) (peak power) x (largest pulse width expressed in ms). Different from note 6 of table 9.1?  

1 ms = 0.001 seconds

1 μs = 0.001 ms = .000001 seconds

6.  For EEDs with a no-fire sensitivity less than 50 mW, request assistance in accordance with paragraph 9.7.

7.  For frequencies outside the ranges specified in this table, request assistance in accordance with paragraph 9.7. 

8.  Formulas in this table apply to the far field of the antenna only.  For near field requirements, see TO 31Z-10-4, Chapter 6, Section 2.  Far field is determined as stipulated in paragraph 9.13.

Figure 9.1.  Recommended Safe Separation Distances for EEDs in Conventional Weapons in Exposed Condition.
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