NATO UNCLASSIFIED
Releasable to PfP

NATO STANDARD
AOP-4369
DESIGN REQUIREMENTS FOR

INDUCTIVE SETTING OF LARGE
CALIBRE PROJECTILE FUZES

Edition A Version 1
MAY 2018

NORTH ATLANTIC TREATY ORGANIZATION

ALLIED ORDNANCE PUBLICATION

Published by the
NATO STANDARDIZATION OFFICE (NSO)
© NATO/OTAN

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP

INTENTIONALLY BLANK

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PP

NORTH ATLANTIC TREATY ORGANIZATION (NATO)

NATO STANDARDIZATION OFFICE (NSO)

NATO LETTER OF PROMULGATION
24 May 2018

1. The enclosed Allied Ordnance Publication AOP-4369, Edition A, Version 1,
DESIGN REQUIREMENTS FOR INDUCTIVE SETTING OF LARGE CALIBRE
PROJECTILE FUZES, which has been approved by the nations in the CNAD
AMMUNITION SAFETY GROUP (AC/326), is promulgated herewith. The agreement
of nations to use this publication is recorded in STANAG 4369.

2. AOP-4369, Edition A, Version 1, is effective upon receipt.

3. No part of this publication may be reproduced, stored in a retrieval system, used
commercially, adapted, or transmitted in any form or by any means, electronic,
mechanical, photo-copying, recording or otherwise, without the prior permission of the
publisher. With the exception of commercial sales, this does not apply to member or
partner nations, or NATO commands and bodies.

4, This publication shall be handled in accordance with C-M(2002)60.

% ) A /

& 7/Zoltah Guﬁlﬂz @/ Z\
Brigadier General, HUNAF
irector, NATO Standardization Office

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP

INTENTIONALLY BLANK

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

RESERVED FOR NATIONAL LETTER OF PROMULGATION

| Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

INTENTIONALLY BLANK

Il Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

RECORD OF RESERVATIONS

CHAPTER

RECORD OF RESERVATION BY NATIONS

Note: The reservations listed on this page include only those that were recorded at time of
promulgation and may not be complete. Refer to the NATO Standardization Document
Database for the complete list of existing reservations.

1| Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

INTENTIONALLY BLANK

v Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP

AOP-4369

RECORD OF SPECIFIC RESERVATIONS

[nation]

[detail of reservation]

Note: The reservations listed on this page include only those that were recorded at time of
promulgation and may not be complete. Refer to the NATO Standardization Document
Database for the complete list of existing reservations.

\%

NATO UNCLASSIFIED

Edition A Version 1



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

INTENTIONALLY BLANK

VI Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP

AOP-4369
TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION ...t e s 1-1
1.1. N 1Y TR 1-1
1.2. AGREEMENT ..ot e e e e e e e 1-1
1.3. DEFINITIONS AND ABBREVIATIONS ......iiiiiieeeeee e 1-1
CHAPTER 2 GENERAL ..o e 2-1
2.1. L N 3 I 2-1
CHAPTER 3 DETAILS .o e e 3-1
3.1. 3] I 1 T 3-1
CHAPTER 4 IMPLEMENTATION .ooiii e 4-1
4.1. IMPLEMENTATION Lottt e e e e e e e e eaas 4-1
ANNEX A DEFINITION AND ABBREVIATIONS ..., A-1
A.l. o O 1] A-1
A.2. DEFINITIONS AND ABBREVIATIONS ..o A-1
ANNEX B MESSAGE CHARACTERISTICS ... B-1
B.1. ] A 0 B-1
ANNEX C GENERAL FUZE-SPECIFIC PARAMETERS ........coooiiiiiieeieeeeeeee, C-1
C.1. ] A 0 T C-1
VI Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

INTENTIONALLY BLANK

Vil Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
AOP-4369

CHAPTER 1 INTRODUCTION

1.1. AIM

The aim of this Allied publication is to achieve interoperability among the NATO forces
in the setting of inductively settable large calibre projectile fuzes and/or fuzing systems.

1.2. AGREEMENT

Participating nations agree to comply with the requirements of this AOP. Design
criteria and test methods are given in AOP-22 for the development of inductively
settable projectile fuzes and weapon inductive fuze setting systems in respect
to the following:

Inductive setting interface
Talk-forward message format
Talk-back message format

Fuze sensitivity to inductive signal
Inductive signal power levels
General physical layout

Functional requirements of the setter
Functional requirements of the fuze

S@~ooo0oTp

1.3. DEFINITIONS AND ABBREVIATIONS

The definitions and acronyms of terms used in this AOP will be found in Annex A.
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CHAPTER 2 GENERAL

2.1.

GENERAL

Electronic fuzing is becoming more important in current and future
developments. These fuzes in many cases incorporate an autoset capability. To
ensure interoperability between these fuzes and NATO weapon systems,
autosetting standards are required.

This AOP provides sufficient detail to define interchangeable message patterns.
Design guidance intended to ensure interoperability is defined in AOP-22. The
inductive setting system will not degrade or circumvent fuze or weapon safety.

Interoperability with other fuzes and fuze setters is the responsibility of the
development activity or nation. The development activity or nation shall register
fuze bit patterns and fuze specific parameters with the custodian who will
provide the necessary fuze ID code and list this information in AOP-22.

Fuze specific parameters are not restricted to the setter. Depending on the
partitioning of the fuze setter and fire control functions in a weapon system, they
may also have to be incorporated in the fire control systems and/or command
& control systems.

Annex E (Registered Fuze Identification Codes) of AOP-22 includes parameters
and ID-codes for existing fuzes and fuzes in development.

In a tactical situation the fuze is mounted on a projectile when presented to the
setter. The setter receives information for the particular fire mission from the
external operator or fire control system, and then sets the fuze through the
inductive interface. The fuze repeats the message back through the inductive
interface and the setter compares the two transmissions.

Figure 1 is a pictorial representation of a possible physical layout. It comprises
a nose fuzed artillery projectile and a setter. This AOP places requirements on
the inductive link utilizing the coil of wire located in each item. It depicts the
setter’s transmit coil, the fuze’s receive coil, the magnetic coupling between the
two, and a typical relative position. Multiple coil configurations are also
acceptable.

Communication structure comprises a power up period (PUP) and one or more
fuze message windows (FMW). The timing diagram is illustrated in Figure 2.

Setter and fuze specific message and timing characteristics are provided in
AOP-22.
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The communication format requires message error detection by the setter. This
feature is provided by the setter transmitting a message to the fuze, for the fuze
to repeat the message back to the setter, and for the setter to compare the two
transmissions.

The fuze may be programmed in two modes. The set mode is used to program
inductively set fuzes at the launch platform in tactical situations. Use of this
mode requires the operator to know the identity of the fuze being set and
requires the inductive fuze setter to know all of the timing and bit pattern
requirements applicable to the fuze being set. The command mode can be used
for several functions such as fuze interrogation and fuze calibration. The setter
will transform specified information transmitted to the operator into a form similar
to that of the original fire mission data. Specific transformations are detailed in
AOP-22.

The units used in all Figures and Annexes conform to the International System
(SI) of metric units except those specifically designated otherwise.
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CHAPTER 3 DETAILS

3.1.

DETAILS

The fuze physical layout shall include a coil of wire configured such that the
magnetic field from the setter's coil will be sufficient to set the fuze, when
mounted on the artillery projectile and located in the tactical position, in
accordance with this AOP. Fuze nose contours are governed by

STANAG 2916. Rotation of the fuze about its axis shall not affect its
interaction with any setter.

The setter physical layout shall include a coil of wire configured such that the
setter can set the fuze when the fuze is mounted on the artillery projectile and
in accordance with this AOP. If a specified setter function is implemented by
components physically located within the fire control system or other element,
then any reference to the setter shall also apply to those components.

The setter shall receive, from the operator or fire control system, the
information necessary to set the fuze for the fire mission. The setter shall then,
in a format appropriate for the fuze being set and the fire mission, transmit a
complete message to the fuze. The setter shall then detect the information
returned by the fuze and compare it to the originally transmitted information.
The setter shall indicate to the operator or fire control system the status of the
fuze.

The fuze shall receive a message from the setter in a format appropriate for
the fuze and the fire mission. The fuze shall then transmit a specified message
to the setter. The fuze mission memory shall change as specified.

Communication between setter and fuze shall be accomplished by digital
coding and modulation of the carrier. Digital coding and modulation is
implemented with mark and space phases for messages as specified. The
setter modulates the carrier by energizing and de-energizing its coil. The fuze
modulates the carrier by changing the impedance across its coil and thereby
affects voltage and current in the setter coil. Message characteristics shall
comply with the requirements in Annexes B and C.

The values of a number of fuze parameters associated with the inductive
interface shall be selected by the development activity. The values selected
shall be within the range permitted by this AOP for each such parameter. The
development activity is responsible for parameter selection appropriate to
support the interoperability requirements of the fuze. The development activity
shall request an identification (ID) code assignment from the custodian.
Requirements for general fuze parameters are given in Annex B and herein.
Fuze specific parameters are provided in AOP-22.
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All fuzes shall be settable with repeated fuze message windows in accordance
with Figure 2. Sequential forward messages may contain the same or different
bit patterns.

All message timing parameters shall be in accordance with the specific
requirements of the fuze to be set.

When the first bit of the ID code is a "0", then bits 1 through 5 comprise the
entire ID code. When there are multiple Fuze Message Windows (FMWs), the
first bit of the ID code shall be a "1". The first FMW shall begin with an ID code
followed by data, and successive FMWs, if needed, shall begin with a byte
count instead of the ID code.

When the first bit of the ID code is a "1", then the ID code is expanded, and
bits 6 through 8 become additional ID bits.

The first FMW shall contain a forward and reverse message with an ID code
that is correct for the fuze to be set. Subsequent FMWs shall contain a
forward and reverse message with a four-bit byte count located in the first five-
bit positions of each FMW (see Figure 3). The data portion of the forward
message shall comprise a bit pattern as specified (see AOP-22). The forward
message is generated by the setter and the reverse message is generated by
the fuze.

The setter shall compare the forward message with the reverse message on a
bit-for-bit basis in each FMW. If the bit-for-bit comparison fails, then the setter
shall so inform the operator. The setter may automatically make two more
attempts to achieve a successful comparison before indicating a failure.

Multiple FMWs shall be sent in sequential order unless an error occurs, in
which case the incorrect FMW can be immediately retransmitted up to two
additional times.

The fuze shall examine the bit pattern in the forward message of the first FMW
and reject the message containing an ID code that is not registered with the
fuze or which contains fewer bits than are proper for the fuze.

If the forward message is accepted by the fuze, then the reverse message
data bit pattern shall be identical to that of the forward message.

If the forward message is rejected by the fuze, then the reverse message
data bit pattern shall be indicative of the fuze default mode (see AOP-22).

The fuze mission memory shall not be changed by a forward message before
the acceptance or rejection of the message has been determined.
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After receipt of an accepted set mode message and a valid set of FMWs, the
fuze mission memory shall be changed to that of the current fire mission. The

receipt of an invalid set of FMWs shall cause the fuze to revert to the default
mode.

After receipt of a rejected set mode message, the fuze mission memory shall
be changed to that of the fuze default mode.

Each nation is responsible to:

a. Appoint a Point of Contact (POC) to liase with the Custodian of AOP-22
with respect to the allocation of fuze pattern identifications to their Design
Authorities. A list of POCs will be maintained in an Annex to AOP-22.

b. Register with the custodian of AOP-22, through their POC, the identification

codes and characteristics of the fuzes and setters in which they are
embedded, in accordance with AOP-22, Annex E.
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CHAPTER 4 IMPLEMENTATION

4.1.

IMPLEMENTATION
This AOP is implemented when a nation has issued instructions that all
inductively set projectile fuzes and their respective setters will be designed

and manufactured in accordance with the specification detailed in this
publication.
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Note: The setter coil is shown separated from the fuze coil to show the magnetic link.

Figure 1: Inductive interface pictorial representation.
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PERIOD DELAY BETWEEN FMW'S
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DELAY BETWEEN DELAY 2
FMF & BMFP (D2}
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FORWARD REVERSE MESSAGE
MESSAGE PERTOD (RMP)
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NOTE 1
NOTES:
1. TS marks the end of communication and T6 marks the
carmer turn-off for a single FMW .
(See Annex B, paragraph 1)
2_T1 through T6 sequence would be repeated for additional
FMWs.
Figure 2: Inductive interface timing diagram
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1 56 32
[0XXXX | ]
ID CODE DATA N
FIRST FMW - SINGLE WORD FORMAT
1 5 6 8 _ _ 32
XXX X[ |
ID CODE DATA
FIRST FMW - MULTIPLE WORD FORMAT
1 56 = 32
 OXXXX -
BYTE COUNT DATA,
SUBSEQUENT FMWs
Notes:  Bits 1 through 5 signify the ID code for fuzes with
a single FMW. Bit 1 must be a "0" for fuzes with a
single FMW.
Bits 1 through 8 are used for the ID code for fuzes
which have a "1" in bit 1. Only fuzes with this
expanded ID code can have multiple FMWs.
X indicates a variable bit for an ID code or byte
count.
Figure 3: Inductive Word Format
4-4 Edition A Version 1

NATO UNCLASSIFIED



NATO UNCLASSIFIED
Releasable to PfP
ANNEX ATO
AOP-4369

ANNEX A DEFINITION AND ABBREVIATIONS

A.1l. PURPOSE

For the purposes of this AOP and AOP-22, the definitions, terms and acronyms herein

shall apply.

A.2. DEFINITIONS AND ABBREVIATIONS

1. Carrier. A magnetic field with sinusoidal waveform that is generated by the
setter to support two-way information transmission between the setter and
the fuze in accordance with this AOP.

2. Delay 1 (D1). The delay between the FMP and the RMP is termed D1. Delay 1
is used by the fuze to process the forward message and to prepare for talkback
to the setter.

3. Delay 2 (D2). Delay 2 is the time interval between the end of the RMP and the
end of the FMW. Delay 2 allows a fixed time duration for the FMW to be
maintained.

4. Delay 3 (D3). Delay 3 is the time interval between FMW's. Delay 3 is used by
both fuze and setter to prepare for the next FMW.

5. Duty cycle. For a periodic waveform, the ratio of the mark phase to the total
period of the waveform. It is expressed as a percentage. The space phase is
that part of the waveform which is not mark phase.

6. Forward message. The message transmitted from the setter to the fuze in any
fuze message window.

7. Forward message period (FMP). The time required to transmit a forward
message and is the product of the number of bits in the forward message and
the reciprocal of the forward message bit rate.

8. Fuze default mode. A functional mode of operation that the fuze specification
defines if an improperly set fuze is fired.

9. Fuze message window (FMW). A fixed time comprising the forward message

period, the reverse message period, the interval between them, and Delay 2.
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Fuze mission memory. That part of the fuze which remembers the setting
information for a fire mission after the inductive setting process is completed.

Fuze-specific parameters. The bit pattern and timing parameters identified for
a particular type of fuze.

Identification code (ID). The five-bit or eight-bit code assigned by the registering
activity to each fuze. A single ID code is generally, but not necessarily,
associated with a single fuze. Fuzes with identical functional modes, missions,
and fuze-specific parameters should utilize the same fuze identification code.

Inductive fuze setter. A device which utilizes an inductive interface to
exchange data with an inductively settable fuze in compliance with this AOP
and AOP-22. The fuze setter may interpret the significance of individual data
bits received and display the interpreted information to the operator.

Inductive interface. The characteristics that control the interaction of an
inductive fuze setter with an inductively settable fuze, in accordance with this
AOP.

Inductively settable fuze. A fuze that can be set with an inductive fuze setter
using the inductive interface.

Mission message. The mission message is composed of the data bits which
identify fuze function and provides fuze function-specific information. The
mission message is composed of one or more FMWs.

Power-up Period (PUP). A prescribed period of time during which the inductive
fuze setter energizes, with a sinusoidal waveform magnetic field, the physical
space between the setter and the fuze. This period permits an inductively
settable fuze to absorb sufficient energy from the magnetic field to operate
necessary fuze circuits.

Reverse message. The message transmitted from the fuze to the setter in any
fuze message window.

Reverse Message Period (RMP). The time interval during which an inductively
settable fuze transmits a reverse message to the fuze setter. It is the product
of the number of bits in the reverse message and the reciprocal of the reverse
message bit rate.

Valid message. A message that contains the correct number of FMWs
transmitted in the correct order.
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ANNEX B MESSAGE CHARACTERISTICS

B.1.

DETAILS

The setter controls the energizing of its coil. After the PUP, the setter transmits
a forward message and then continues energizing its coil through the end
of the communication. If more than one FMW is used, then there will be a delay
(termed D3) between each FMW. The setter terminates the carrier within D3 after
the end of the last FMW.

A forward message consists of a sequence of bits transmitted by the setter.
The forward message bit rate is specified in Table B-1. Identification of logic 1's
and O's is based on the duty cycle of the waveform measured. Mark is
represented by absence of carrier. A space is represented by presence of carrier.
Figures B-1 and B-2 illustrate waveforms associated with forward message bits.

A reverse message consists of a sequence of bits transmitted by the fuze.
The reverse message bit rate is controlled by the fuze and will be within the
range specified in Table C-1. Identification of logic 1's and O's is based on the
duty cycle of the waveform. Mark is represented by varying the impedance
"shorting cycle" across the fuze receive coil at a frequency (subcarrier) of 32
times the bit rate. The impedance reduction cycle is synchronized to the start of
the mark period. Space is represented by restoring the impedance across the
fuze receive coil. Figure B-3 illustrates waveforms associated with reverse
message bits.

General inductive setting parameters are specified in Table B-1.
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Figure B-1: Forward message: bit general characteristics
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Note: Waveform measured across the Standard Fuze coil.

Figure B-2: Forward message: bit rise time and fall time characteristics
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Figure B-3: Reverse message: fuze coil bit characteristics
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Figure 2
Figure 2
Figure 2
Figure 2

Figure 2

Figure B-1
Figure
Figure B-2
Figure B-1
Figure B-1
Figure B-1
Figure B-1

Figure B-3

Table B-1: General Inductive Setting Parameters
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ANNEX C GENERAL FUZE-SPECIFIC PARAMETERS

C.1.

DETAILS

The bits in an FMP shall comprise a start bit (if used), ID bits or byte count, and

data bits. The maximum number of bits in a FMP shall be 32 without a start bit,

and 33 with a start bit. Use of a start bit causes the forward message to be one

bit longer than the reverse message.

a. A start bit (if used) shall precede the ID code in a FMP, and is always a logic
1. A start bit shall not be echoed back by the reverse message.

b. ID bits or byte count shall precede the data bits in both the FMP and the RMP.

c. The number of data bits in one FMW for any fuze shall be no more than 27.

d. Fuzes may utilize fewer than 32 bits in each FMW.

Fuze-specific parameters are specified in Table C-1. Additional fuze parameters
are provided in AOP-22.
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| | | |

| PRRERMETER | VALUE | UHITSE | REFERENCE
| | | |

| | | |

| | | |

| Carrier fregquency | 1 +/- 01 | kH= | Figure 2
| | | |

| BUE | 1L min, 1 max | ms | Figure 2
| | | |

| D1 | 3 min, 50 ma | ms | Figure 2
| | | |

| D2 | ROTE 1 | ms | Figure 2
| | | |

| D3 | 50 max | ms | Figure 2
| | | |

| ID bits | Eiwe-bit or | |

| | eight-bit code | |

| | | |

| Start bit | wes/n | I

| | | |

| Data bits | | number |

| | | |

| FEME | WOTE 2 | ms | Figure 2
| | | |

| Eswverse message bit rats | 120 min, 165 max| bits/s | Figure B-3
| | | |

| EME | HWOTE 3 | ms | Figure 2
| | | |

| FMW number | 1 min | number |

| | | |

| | | |

| | | |

| | | |

Table C-1: Fuze-specific Parameters

NOTES:

1. D2 is given by FMW minus (FMP plus D1 plus RMP) and may be any

non-negative value corresponding to permitted values
of FMW, FMP, D1, and RMP.

2. FMP is given by the number of forward message bits divided by the

forward message bit rate.

3. RMP is given by the number of reverse message bits divided by the

reverse message bit rate.
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