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-1- MULTI FUNCTI ONAL MAGNETI C FUZE Field of the Invention This |?1v gRtion

relatessto the field of fuzes and nore particularly, to an apparatus and
met hod for control of a projectile with Lﬁze functions including
maghetlcally sensing ballistic spin paraf€ters and conputing nuzzl e

vel ocity for accurately c rojectile.
Backgroﬁnd of the |nve%t|m§rﬁm‘[ m&‘ﬁg\fg@en used in
projectiles for sone tinme. A renote settable fuze all ows external

i nformati on co be input to the projectile before firing. One known net hod
for inputi n@%&k&iﬁ-‘&!ﬁ% the fuze is by non-contact inductive coupling.
This is a transfornmer approach with the primary of the transforner placed

outside the projectile, in what is commonly called a setter and the
secondar ys of This invention relates to the field of fuzes and more particularly, to an

apparatus and method for control of ‘a projectile with fuze functions including
magnetically sensing ballistic spin parameters and computing muzzle velocity for

accurately controlling range to burst of a projectile.

10 Background of the Invention

Remote settable fuzes have been used in projectilés- for some time. A
remote settable fuze allows external information to be input to the projectile before
firing. One known method for inputing information to the fuze is by non-contact

15 inductive coupling. This is a transformer approach with the primary of the transformer
placed outside the projectile, in what is cbmmonly called a setter, and the secondary of
the transformer placed in the fuze. Magnetic flux passes between the primary and
secondary with appropriate AC modulation containing data. The information input to
the fuze relates to a fuze mode setting or for example, may contam a time-to-burst for

20 the projectile. Time-to-burst represents a predetermmed time penod after firing,
approximating a desired range, after which the projectile detonates.

In a bursting munitions scenario, the most important _features of the
projectile and its fuze are accuracy and safety to the user. These factors are related to
fuze control functions. Previously, systenmis have used expensive and complicated

25 mechanical and/or electrical methods to try to more accurately determine the range of
a projectile and control the fuze. One variable which greatly affects the accuracy of the
range determination is the actual muzzle velocity, which can vary depending on a large
number of known factors. It has always been desirable to control the detonation of a
projectile based on a determiination of actual muzzle velocity. However, an accurate

30 system for determining muzzle velocity within a projectile has not been available.
Systems mounted directly on the muzzle of specialized guns do exist, but greatly

complicate the gun and are contrary to a general standardized approach for all weapons.
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the transfornmer placed in the fuze. Magnetic flux passes between the
primary and secondary wth appropriate AC nodul ation containing data. The
i nformation input to the fuze relates to_a fuze node setting or for
exanple, may contain a tine-to-burst forZhe projectile. Tine-to-burst

represents a predetermgned tine eriod i rng. | '

desired range, after 1L 1% fsmgﬁ%?ﬂefl‘ik?é'g%{?aegg% ﬂg’%’g?ﬂogg%%?&lgéofor
measuring t Qecdicslyopreict hityalk!velbelty. 0MEY fidinggiienBUruizs neechirniga Geitings or
mssile is discloSed in the patent specification GB-A-1129448. There is

pr ovi ldedbeq by shenserifor communidating functignsst Ihiscdependeary of thy operater freates a
jectile by coupt r J ' ' ' N -
(el o At r SR Jabr R RrahisBRE of boddle, POMEEElbidhit Sysklis fie povERRTS | ©
per neabl & nedeEdstlly and reqiine inbge spacé irethe projectileahpneis iavailabld. d Aldo; lsome pedior

profile and praqviding electrical ) .
solutions use parts, such as crystals, which cannot readily tolerate the forces or shock

which the projectile experiences.
Consequently, a need remains for a compact, simple multifunctional
" sensor that acts as a remote receiver and provides more accurate detonation of the

10 projectile.
Summary of the Invention

This invention is a sensor for a class of projectile fuzes for use in
15 artillery rounds, tank rounds, medium caliber bullets of all sizes, and individually
carried combat weapons. The functions inherent in this fuze include those required by
present standards and further include several other functions not available with prior art
fuzes and are all accomplished with a single magnetic sensor clement. In particular,
internal turns counting is provided so that a turns-to-burst detonation mode is possible.
20 The revolutions per second or turns of the projectile are counted and the detonation of -
the projectile is based on this count. Another related function of the invention is the
determination of muzzle velocity based on turns counting, which allows for calculation
of what has always been an indeterminate measurement. The determination of muzzle
velocity allows for compensation of the fire control systems’ count estimate of the
25  turns-to-burst, which is based on a nominal assumed muzzle velocity, by modifying the
turns-to-burst count based on the actual muzzle velocity measurement.

The inventive sensor therefore functions as a remote set receiver, a
ballistic turns counter and a muzzle velocity calculator. The present invention
eliminates the previously mentioned problems and provides a single sensor internal to

30 the fuze to power the fuze, accurately sense remote settings and modes, provide a count
of ballistic turns to determine muzzle velocity, and provide a multitude of functions

which lead to accurate and safe deployment of projectiles. The fuze can use the



si-gnal s corresponding to the nunber of revolutions of said projectile which
are submtted to a counter which is responsive to said electrical signals.
To utilize this equipnent as applied to artillery projectile it is
necessary to know the pitch of the helix™raced by a point on the

projectile’ ' i : . ' ' | st.ance= of
Revol uti ons%&§ﬁ%ﬁ%§hg§g{egﬁ% ﬁ'\Ialrllggﬂ% ]ﬁevzgogftﬁﬁkg%)h’g%ﬁ%#g I"on. tg%ﬁ%éﬁ%pﬁtegn
bur sting nunieviadivss 6 theacival multle veRkity froni ik dssired nominabimizble wiajigctil e
and its fuze are accuracy, and, safety to the user. _ These factors are rel ated
to - The” invention comprises an apparatus for counting each rotation of a
projectile, after firing the projectile from a firing weapon, the projectile having a
5 longitudinal axis, the apparatus comprising counting means for counting each rotation
of the projectile as it rotates around its longitudinal axis. The counting means further
includes spin signal means for generating a spin signal which varies over time as the
projectile rotates about its axis in the earth’s magnetic field and where the magnitude
of the spin signal reaches a predetermined threshold a predetermined number of times
10 for each rotation of the projectile and a counter operatively connected to the spin signal
means for counting the number of times the spin signal reaches its predetermined

threshold.

Brief Description of the Figures

15
Figure 1 is a graph illustrating the velocity profile of a 25mm projectile
over a range;
Figure 2 is a graph illustrating the spin profile of a 25mm projectile over
a range;
20 Figure 3 is a cross section of a projectile which utilizes the invention;
| Figure 4 is a cross section of the nose element of a projectile showing
the nose fuze components of the invention;
Figure 5 is a perspective view of the magnetic transducer of the
invention;
25 Figure 6 is a block diagram of the invention;
Figure 7 is a block diagram of the algoril;.hm for determining muzzie
velocity; and
Figure 8 is a graph illustrating the power up and message period for the
invention. '

30



fuze control functions. Previously, systens have used expensive and

conpl i tated nechani cal and/or electrical nethods to try to nore accurately
determ.ne the range of a projectile and gontrol the fuze. One variable
whi.ch greatly affects the accuracy of thée range deternmination is the actual

nuzzl e vel qyétg%dvﬁé&ggﬁ# oYﬁ{fﬂﬁ&R@jdi ng on a | arge nunber of known
factors. |{ has alway €een desl e to control the detonation of a
projectile based on a deternination of actual nuzzle velocity. However, an
O o o Bk iR B b a5 1
do exist, ldfcritedadn det rﬂ&elﬁaépecxraep&wmaném%cﬁnﬁﬁ@t&amé ifveRtiGE N e 1At
st andar di zed approach for all weapons.

5 description is an exemphficanon of the prmc1ples of the invention and is not intended

| to limit the invention to the particular embodiments illustrated.

The bursting munition fuze can be categorized as the "remote control”
element of a weapons system. Once the projectile leaves the gun, the fuze is the last
control on the projectile’s functions. Therefore, the fuze is a vital performance link

10 between the initial optimized attributes of the gun and fire control subsystems and the
ultimate maximization of the warhead effects. As is well known, the fire control
subsystem measures target range, cant, wind, temperature, pressure, and target motion
and predicts a gun setting and subsequently communicates a burst range prediction to
the fuze based on calculated ballistic parameters.

15 The ultimate effectiveness of the weapon is directly related to control of
errors for the air burst prediction. A commonly employed approach is to convert the
target range (from the fire control rangefinder) into a time countdown number based on
estimated projectile ballistics. One of the important ballistic characteristics is the
nominal muzzle velocity for a particular projectile and gun. A more accurate ballistic

20 prediction could be provided by basing the time countdown on an actual muzzle velocity
rather than relying solely on the nominal or assumed muzzle velocity for that class of
projectile and gun. The actual muzzle velocity changes with propellant load, propellant
density, propellant temperature, and barrel wear and can result in range errors on the
order of one hundred meters, when using the nominal muizle velocity parameter. This

25 range error is unacceptable. _

A fuze cannot measure range directly and therefore uses a parameter
proportional to range. The prior art time-based measurement concept is derived from
the relationship of range being equal to velocity * time. As shown in Figure 1, for a
typical 25mm projectile, tested at 60°F and with a nominal muzzle velocity of 617 m/s,

30 the velocity versus range is nonlinear. The curve shifts for different initial muzzle
velocities, producing large errors in time-based range prediction.

Alliant Techsystems has discovered analytically and experimentally that

a turns counting base parameter behaves more ideally (more linear) as shown in Figure



Prior systens have depended on tine setting and have not been able to
accurately predict nuzzle velocity. O her fuzing systens require nechanical
setti ngs by the user for conmunicating fugctions. Thi s dependency on the
operator creates a nuch larger risk of msiake or accident. O her
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the projectile experiences. Consequently, a need remains for a conpact,
sinple multi “!Fé?fsﬂ?? PQjeg ‘I%CFSOIH@%W%GB“ charagteristics apd phq)w@es
nore accur at t I t

This i nventlg%‘gl?s a sensor §Ek§n é’gstﬂ% l((,:Bro ec élﬁgée%dfg?lelsé%%}Bﬁ%S

artillerySr o(spdsyersm'utangc)whdwn mﬂ?igurm?cmlfobm 25inm pmyes:ntn‘ aml is relatively lineat
' ndividuall Yand predictable, producing better prediction performance than time interval
measurement. Instantaneous spin rate is an excellent base parameter estimator of a
projectile’s velocity over a good part of its flight and especially near the muzzle. A
turns counting fuze can measure actual muzzle velocity, as will be discussed more fully
10 below, and provide a correction to the turns-to-burst count based on the difference
between the nominal and actual muzzle velocity, so that by using down range turns
counting it can produce minimal burst error. Although the range determination can be
based entirely on a turns count, Alliant Techsystems has discovered that depending on
specific ballistic application and range it may be more accurate to utilize both turns
15 counting and time interval counting. For a given fixed muzzle velocity, Alliant
Techsystems has discovered that turns performance is much better out to about 1000m.
After this point, the velocity tends toward a terminal value and time performance is
somewhat better. Therefore, it is optimal to utilize a fuze having a sensor which
continuously measures turns and an algorithm to measure velocity based on turns
20 counting in conjunction with time interval counting. In this manner, a fuze system may
employ turns counting at the short and medium ranges, augmented by time prediction
at far ranges.
The fuze of the invention provides a unique approach'to measure and
correct for muzzle velocity. The same sensor that provides for setter communication
25 measures spin rate at muzzle exit which is related to muzzle velocity by barrel twist,
as is well known. This same sensor can be used to count turns down range, as the
advance ratio is more accurate than time over a significant early portion of total range.
The advance ratio equals the turns per unit distance of a prdjec'tile due to gun barrel
rifling. The sensor allows for real time assessment of muzzle velocity and subsequent
30 down range velocities. This sensor allows combining muzzle velocity, turns, and time
to accurately establish a range dependant burst.
The invention uses a magnetic circuit to communicate to the fuze. An

inductive setting coil is driven by the fire control electronics with a receiving coil



carried conbat weapons. The functions inherent in this fuze include those
requi red by present standards and further include several other functions

not available with prior art fuzes and are all

acconplished with a single

magheti c sensor elenent. In particular, Bnternal turns counti ng i s provided
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data based on a calculated range to burst or time to burst to the fuze. This data is only
as accurate as the projectile characteristics are close to the nominal settings, one of
which is the nominal muzzle velocity. Therefore, it is desirable to adjust the range to
burst based on actual measurement of the muzzle velocity.

In order to determine muzzle velocity a sensor is employed to count the
turns of the projectile. Full or partial turns may be counted, as desired. The sensor
is a magnetic transducer which senses the earth’s magnetic field. As will be discussed
more fully below, based on the characteristics of the gun, spin rate can be determined
after a predetermined number of spins have been counted. Spin rate is proportional to
muzzle velocity. In this manner, muzzle velocity ié determined.

Once muzzle velocity has been determined, the range to burst of the
projectile may be adjusted to compensate for a muzzle velocity which is not equal to
the nominal value. If the fuze is programmed to detonate after a number of counted

turns, the calculated muzzle velocity is compared to the nominal velocity value and the

number of turns to burst is adjusted upward or downward to compensate for any .

_variation in velocity. If the measured muzzle velocity is greater than the nominal then

the number of turns to burst is decreased to reduce error. If the measured velocity is
less than the nominal then the number of turns to burst is increased to reduce error.

Referring to Figﬁre 3, a cross section of a projectile 5 is shown. The
projectile 5 includes a base element 10, a warhead 12 and a nose element 14. The
projectile 5 also contains a fuze 16 (shbwn in Figure 4) in the nose element 14 and/or
the base element 10. One skilled in the art knows that the fuze may be "packaged” to
fit in the nose element 14 and may also be “packaéec_l" to fit in both the nose and base
elements 14 and 10, as desired. '

Figure 4 shows the nose element 14 of Figure 3 with a fuze 16. Figure

4 shows the electronics 18 of the fuze 16 which are necessary for operation, which are

muzzl e velocity based on turns coupting,
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elimnpates. the previously nentioned problens and provides a single sensor
internal to 30 the fuze to power the fuze, accurately sense renote
settings and nodes, provide a count of ballistic turns to determ ne nuzzle
vel ocity, and provide a nmultitude of functions which lead to accurate and

saf e depl oy f LRrQj L] &S 41as : = 3= r of
he actua” myeiopl BAE b, 38 el BReretie ek, 195 anpular’etedHREHIcY iKRGhs
de?/i ations ﬁhrdih@mctwafe welt khewn ¢ theidry Th'mr&zh?ﬁagasaasedﬂd shmvianﬁ!xampmzbie
‘vel ocity. The Jinvention.co I ses_an apparatu Qr. counting each_rotation
of a proj ect pifieze layeut, Many, rt‘}?BﬁE‘F‘BF&E’tqu@’ S&Zﬁﬁﬁ&rq knowryangmay ke ufiljzed
projectile haxnAouR spirit SEHE invdhigd. axi s, the apparatus conprising counting
means for counting each rotation

5 Referring to Figure 5, the fuze 16 also includes a magnetic transducer

20. The magnetic transducer includes a single coil 22, a shaped core 24 and a magnet
26. This magnetic transducer 20 receives data from the remote setter (best seen in
Figure 6) and also senses the earth’s magnetic field to count turns of the projectile.
The inherent axial sensitivity of the coil 22 acts as the receiver for the AC remote set
10 communication waveform (best seen in Figure 8), introducing both power and data to
the fuze. The cylindrical magnet portion 26 of the transducer 20 provides transformer
coupling with the sefter coil located. in block 32 of Figufe 6.
_ The shape of the transducer core 24 establishes an output signal from coil
22 as the core 24 rotates around its longitudinal axis in an external homogeneous field.
15 When the earth’s magnetic field is perpendicular to the spin axis (radial field), the tab-
like portions 25 of the core causes magnetic flux to alternate in direction through the
coil thereby producing a sine wave voltage. As the alignment angle between the spin
axis and the earth’s field vector direction changes, the sine wave voltage amplitude
decreases with the cosine of the angle. One skilled in the art will recognize that the
20 tabs 25 may be of different shape and size than shown, but still produce the alternating
flux path as described herein. Further, the size of the transducer can be adjusted for
rounds of different caliber.
| The core 24 gives the coil radial sensitivity, allowing monitoring of the
earth’s field as the projectile spins. The spin signal is in the form of a sine wave. One
25 complete sine wave represents one turn of the projectile. A voltage is generated by the
magnetic transducer 20 sensing the time-changing magnetic field of the earth due to
projectile spin. The voltage amplitude increases until it peaks at a quarter turn of the
projectile and then decreases to zero at the half turn point. The voltage then reverses
direction and the amplitude increases to the three quarters turn point and then decreases
30 to zero when one complete turn has been made. Therefore, the zero crossings can be
counted. Each turn of the projectile is represented by two zero crossings. One skilled
in the art will recognize t_hat known engineering methods may be utilized to count

partial turns of the projectile so that the turns count may count quarters of a turn or a



of the projectile as it rotates around its |ongitudinal axis. The counting
nmeans further includes spin signal nmeans for generating a spin signal which
varies over time as the projectile rotateg about its axis in the earth's
magnetic field and where the nmagnitude of°the spin signal reaches a
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magnetometer has been described herein, it should be understood that other
magnetometers may be utilized.

- Referring to Figure 6, a block diagram of a weapons system including
the invention is shown. Block 30 represents the Fire Control System of a gun (not
shown) which fires the projectile 5 including the fuzing systein of the invention. The

10 fire control system 30 is attached to or is an integral part of the gun and includes
appropriate well known circuitry and processors for measuring the range to target of
the projectile as desired by an operator. The fire control system 30 also computes the
time to burst or turns to burst for the particular projectile based on the target selected
by the operator and the known ballistic characteristics of the gun. Fire control systems

15 are known in the art and provide numerous functions and information. The turns to
burst count is derived from ballistic characteristics, other parameters and modeling
which are known to those skilled in the art. Although derived in the past, the turns to
burst count has not been utilized because no known method existed to count the turns
of the projectile during flight. The above are provided as examples to explain the

20 invention and should not be considered as limitations of the invention.

Block 32 represents the remote settef or fuze setter. This device is
known in the art and provides for power-up of. the fuze and also transmits the necessary
information from the operator to the fuze. The fuze setter 32 is conductively connected
to the fire control system 30 in the preferred embodiment. The remote setter 32 may

25 be a remote unit hand held by the user or may be attached to the gun or an integral part
of the gun. The fuze setter 32 accesses every round during the gun cycle to provide
all communication functions to the fuze 10. The setter 32 is designed to allocate a
period while the projectile is in the ram or pre-chamber position for communication.
Each round receives the necessary exposure while the previous round is being fired.

30 - A typical setter 32 includes two coils (not shown) arranged so as to be
closely coupled to the fuze nose element while the round is in the ram position. The
coils are arranged to additively drive their leakage flux (flux outside the setter’s coils)

down the axis of the nose element 14 of the projectile S to the magnetic transducer 20.



20 Figure 3 is a cross section of a projectile which utilizes
the invention; Figure 4 is a cross section of the nose el enent of a

proj ectile showing the nose fuze conponenfs of the invention; Figure 5 is a
perspective view of the magnetic transducér of the invention; 25
Figure 6 is lL.ac | LV LQ, . FhQur L. L agr.am
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minimum, the information for a bursting round will contain a parameter representing

range, i.e. turns to burst, time interval or a combination of both. The setter 32 may
5 also pass information including mode settings and error compensation data. In this
manner, a variety of functions or modes can be selected or prioritized individually in
each round. '
The commuﬁicati‘on is shown in Figure 8 where the power-up and
message period communicated to each fuze 16 from the setter 32 is depicted. The
10 magnetic waveform received at the magnetic sensor 20 is a large peak to peak signal,
in the preferred embodiment 40-50 volts in amplitude. The relatively high voltage
allows for high energy storage on a capacitor 36 (shown in Figure 6) and is also used
to charge another capacitor 38 (shown in Figure 6) in the base element specifically
reserved for firing the detonator. The detonator capacitor 38 conserves fuze reliability
15 in cases where the power storage capacitor 36 drains too low. By this means, all fuze
electronic circuits are individually powered.
Simultaneous with the storage of fuze power is the communication of
calibration data and parameter data. An initial preamble of an accurate burst of 10 Khz
- is modulated at the beginning of the waveform to create a start signal, and is used in
20 the fuze to quick-lock its own internal time base to the accurate 10kHz standard from
~ the fire control electronics 30. Therefore, any algorithms or parameter measurements
requiring accurate timing are available in the fuze electronics without an accurate
internal time-base reference.
Following the 10kHz preamble are frequency shift modulated signals of
25 7kHz or 13kHz referenced to the 10kHz which represent digital (bits) 1’s and 0’s. Up
to twenty bits can be.communicated to the fuze 16 in this message format to include
data for burst, error compensation direction and mode settings, and time delays if
desired. Eleven bits will allow parameter measurement to an accuracy greater than
0.1% and 9 bits remain for other functionality and future growth. It should be
30 understood that the frequencies used for the preamble and to represent 1’s and Q’s, as
well as the number of bits transmitted can be varied as desired.
The magnetic transducer configuration 20 serves several functions and

allows for several functions to be performed within the fuze 16 without specific on-axis



-4- Detailed Description of the Invention Wiile this invention may be
enbodied in many different forns, there are described in detail herein
specific preferred enbodi nents of the inY ntion. This 5 description is an
exehplification of the principles of thé &hvention and is not intended to
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range, cant largé Noltagestp deatansferred froms theesetterntd the fupet 10yms idiscussed above. In
this manner, the fuze 10 is powered.

Referring to Figure 7,' a top level algorithm of the invention is depicted.

Figures 7 and 6 will be discussed in tandem. Block 40 represents the step of utilizing
the fire control system 30 to measure target range. The time to burst or turns to burst
10 or both are calculated based on nominal assumed gun and projectile parameters. Block
'Y represents the step of communicating data including the range parameter of block
40 through the setter 32 to the transducer 20. This is done when the user operates the
trigger, followed by insertion of the round into the chamber and firing the round. The
fuze 16 includes communication circuitry 46. This circuitry 46 includes filtering
15 networks 48 and bit decode and store capabilities 50 which decodes the parameters
communicated to the fuze 16 and passes them to logic processor 62. The clock or timer
44, shown in Figure 6, is also calibrated. Fuze modes, such as point detonate delay
mode, air burst, standoff detonate, super quick point detonate, etc. which are well
known, are also communicated to the fuze 16 at this point. Prioritization of fuze modes
20 may also be communicated to the fuze 16.

_ Once data has been communicated to the fuze 16, muzzle exit is detected.
This function is represented by block 52 (shown in Figure 7). As discussed above,
muzzle exit is determined using the transducer 20. The ferrous confinement in the gun
barrel shields the transducer from the earth’s magnetic field and upon exit an abrupt
25 magnetic field transition is generated. The transducer senées this abrupt magnetic field
transition and uses this sensing of muzzle exit as the starting point for the countdown
to detonation. In other words, at muzzle exit, the time is set to zero and the turns
count is set to zero. The count for time-to-burst, turns-to-burst or both is then started.
The muzzle exit signal also serves as a true electronic second
30 environment confirmation, as would be known by.those skilled in the art. The signal

starts a timer which determines a safe separation distance for the projectile. -
After muzzle exit has been determined, the spin rate is measured as

represented by block 54. The spin rate is measured in the first few meters of travel.



and predicts a gun setting and subsequently comuni cates a burst range
predi ction to the fuze based on cal culated ballistic paraneters. 15

The ultinmate effectiveness of the weapon. s directly related to control of
errors for the air burst prediction. A dﬂﬁﬁnnly enpl oyed approach is to
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coul d be pr @Piasslgsesibedcarlics. The signals areamplifisdhand filtgred |the#E79 CEPS§IBBY ¢ t v
rat her than rel.yi | Wi : | g%y H?Eﬂﬁe%ﬁﬂtb& Ve Qithd, Wirh® "

t hat cl ass g@&%ﬂg&ggfﬂ? g‘%hr%@‘p‘gﬁdﬁ& | fg‘ actg%ﬂ?ﬂéz e velocity changes with
propel | ans lapdtbr tprmsyte/busst} amt:fuze myodepare alsb lisput ta thepogistproeessarri®. bar r el

wear and can result in_range errors opn the.ord 0 of one hundred neters,
when using t he nomi nal Thaballigtic spin,pelationshup ds,a3 {Qllowsi,; o 55 ange error is

unaccept abl e.

C is a constant set by the barrel rifling (advance ratio).

- rdn dn dt
= - —k: —— a———
N=totalturns f o T g
HoWever’g_n_ =_ILTIE =ﬂ =W,
dt sec sec

and

a1 1
dx muzzlevelocity V

N=[ -%dx=i;,£

10 Therefore, spin rate = CV or the magnetometer measured spin signal is
directly proportional to, and can be used to measure the actual muzzle velocity. In
other words, knowing that the projectile will turn a predetermined number of times per
unit distance, the number of turns over a measured time allows calculation of the actual

muzzle velocity.



A fuze cannot nmeasure range directly and therefore uses a paraneter
proportitonal to range. The prior art time-based neasurenent concept is

deri,ved fromthe rel ationship of range be 19 equal to velocity * time. As
shown in Figure 1, for a typical 25mm pro}ectile, tested at 60[err] and

with a nomnal mizzle wekfithd Yedh o Fgltcr, R GPropfbefis e VekitAod BPAR | ©

nonl'i near. The curve shi initi zl e velocitles,
produci ng | amyezlervetocityi rased op-spiasrate.r SFigemprzlelivelocity is salculated Bie dieslpgicens

nas L scover Seatal ! gl bly Bk SRS BIR te B2 e R o BS°

\rAthIr g hf \Sffilsyt eaugsle deldeftl Qalchlafibs. WHié fithcfiof W pérfdrided tySIophd prob&ssh 8EUSHR
: 5 time-to-burst or turns-to-burst may be adjusted. The logic processor 62 includes look

up tables or data which, based on the actual velocity, indicates the adjustment to the

time or turns. This adjustment is designed for each gun/round combination and

effectively compensates for the nonlinearity discussed above and shown in Figure 1.

Such an adjustment could be implemented using a look-up table methodology based on

10 test results and modeling. In its most simple form, the table would be entered with the
actual veloéity and a corresponding turns correction number would be read out, where

.the correction number is based on the difference between the turns to burst for the
nominal velocity and the turns to burst for the actual velocity. A more complicated
version of the look-up table could incbrporate- différent parameters such as angle of

15 firing which is relevant to artillery guns and rounds and tank guns and rounds. Other
projectile and gun parameters could easily be incorporated into a modified look-up table
where the only limitations are the amount of memory (dictated by projectile size)
available and the testing and modeling that is desired to be undertaken. As one skilled
in the art knows, the amount of testing needed is limited by known modeling

20 techniques.

The final step is illustrated by block 66. The fuze initiates burst at
proper range in block 66. The signal is transmitted from the logic processor 62 to the
firing circuit 68. The firing circuit 68 is conductively connected to the detonator 70 for
detonation of the projectile.

25 The magnet 26 of the transducer 20 (best seen in Figure 6) provides a
short range armor proximity function for warhead standoff or hard/soft target
differentiation by virtue of the target ferrous properties which forms a time varying
magnetic circuit reluctance. The ferrous nature of a target, such as a tank, initiates a
distinct high frequency (dH/dt) signal which can be categorized as a short range

30 proximity sensor. This signal is enhanced at short ranges by the permanent magnet
"bias" field which is significantly stronger than either the targets induced or permanent
signature. Therefore, a warhead may be predetonated at a short distance from the
target or before target impact using this short range containment feature. An additional



bel ow, Alliant Techsystens has di scovered that they can use the earth's
magnetit field to count the turns of the projectile. Fromthe known gun
characteristics and the turns count, the instantaneous spin rate of the
projectile can be calculated. The spin pldfile 5 (spin versus range) shown

in Fi 2 is for. a . 25mnprojectil nd i.s .relatively.linear. and
pr edi ot abl e, SUFISHLis o fraun the wapdagt amale Of g o Sl St has pcepirad
measur enent .judtsiioth HAGA Stk s &40 then, Sin 2Bfeltl AfffdrEritiatd B&WebRh 28RN ferrous

estimator of a projectile s velocity over a good part of its flight and
especi al | y riaeget ané lightez | compasite) on sopagetallin gargatsesuchrasna duwoker. adihedieamyizz|l e

vel ocity, a ] | S ful.l bel nd. . praovi de_a
correction 'ff 5 h%m?%ertﬁéséagéo’go%%?%gg %%ﬁnqndt}g%é%’ttfﬁqpﬁgmd #%g%ﬁ% ’ E%gﬁ%eéﬂ’t he
nom nal a§d shottusdndotlzghspedethagge) Wwarhéad Betbndtionlis idesiretoYor K0 dRrgets! 4l a
counting it roduce m ni mal burst error. Al though the range

det er mi nat i cﬂc‘;’%’g’ dﬁ@nb%@b%ﬁeédm%‘?déwe& ioﬁls%.tgg.ﬁﬁ{ , Alliant Techsystens
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impacts a target prior to the generation of a "hard target" detonation signal by the
electronics in fuze 16. In a preferred embodiment, a piezo crystal is utilized for this

10 function. This function is commonly referred to as the point detonate function.
Another means for accomplishing this non-hard target impact function is the use of a
flyer disk 80 (shown in Figure 4). The thin flyer disk is held to the front of the

transducer magnet. Upon impact, this disk would inertially release and by magnetic
physics effects produce an easily recognizable (dH/dt) signal. Yet another approach is

15 with the magnet itself. The magnet can be designed, by its composition, to change
magnetization at the shock level of impact, thereby producing an appropriate signal.
All of these impact sensor functions can be used in combination with the timer to
achieve delay point detonation. The specific electronics and designs to achieve these
functions are well known in the art.

20 One skilled in the art would also realize that a combination of turns only,
time only, turns then time, or time then turns modes of operation could be easily
implemented using the inventive fuze. The time function may also be utilized for a
self destruct mode. |

The above Examples and disclosure are intended to be illustrative and not

25 exhaustive. These examples and description will suggest many variations and
alternatives to one of ordinary skill in this art. All these alternatives and variations are
intended to be included within the scope of the attached claims. Those familiar with
the art may recognize other equivalents to the specific embodiments described herein

which equivalents are also intended to be encompassed by the claims attached hereto.



15 counting and tj i ounting. For a given fixed nuzzle velocity,
Al liant” Techsystewmﬁﬂﬂﬂiﬂﬁﬁﬂtﬁﬂn that turns performance is nuch better
out, to about 1000ms= nt, thz velocity tends toward a term nal
value and tinme perfornmance i s sonewhat Bﬁer. Therefore, it is optimal to
utilize a fyag I?sagliaﬂlge ssSensor whi ch conti nuously neasures turns and an
algorithmto neasure velocity based on turns 20 counting in conjunction
with time ibtervappamaustfongounting éuch romvion of agprbjezuie s yftércfiving shecprojectilet ur ns
counting at .the short and nedi.um ra%gﬁs, augnent ed b i me p{é@i ction at
far ranges. PRk & SFmg,weapRn,; fige REQIeRtile, haying o2 n&‘m‘ﬁq/'@i: i B PP MSasur e
and correct chRprifiHgZ! € vel ocity. The same sensor that provides for setter
comuni cation 25 Teasures spin rate at nuzzle exit which is related to
muzzl e vél ocity beumnsingrméans o counting ieschaedtationrofthe pmjéctilesasnit rotates arowndn be

used to cou&tg tur.na. dﬁv\}lpl range, as the advance ratio is nore accurate than
time over a l1 Apfingl g %‘arly portion of total range.
2. The apparatus of claim 1, wherein the counting means comprises:

(a) spin signal means for generating a spin signal which varies over time as the

projectile rotates about its axis in the earths magnetic field and where the magnitude of
10 the spin signal reaches a predetermined threshold a predetermined number of times for
each rotation of the projectile; and

(b) a counter operatively connected to the spin signal means for counting the
number of times the spin signal reaches its predetermined threshold.

3. The apparatus of claim 2 wherein the spin signal is sinusoidal and where the
15 predetermined threshold magnitucié is zero, and where the zero threshold is crossed

twice for each complete rotation of the projectile whereby each complete rotation

generates one wavelength of the siﬂusoidal spin signal.

4, The apparatus of claim 3 wherein the spin signal means comprises a magnetic

transducer including a conductive winding coil and a core through which the earths
20 magnetic field generates a time varying signal as the projectile rotates.

5. The apparatus of claim 4 further comprising:

(a) spin rate computation means for determining the spin rate of the projectile,
wherein the spin rate computation means is comprised of timing means operatively
connected to the counter for determining the time for the projectile to rotate a

25 predetermined number of times; and '

(b) muzzle velocity computing means for determining actual muzzle velocity
based on a barrel pitch constant of the firing weapon and the spin rate of the projectile.
6. The apparatus of claim 5 further comprising:

(a) detonation means; and

30 (b) receiver means for inductively receiving a turns-to-burst range parameter
prior to the projectile exitiné the firing weapon, wherein the turns-to-burst range

parameter is based in part on a nominal muzzle velocity parameter, and where the



The advance rati 0 per unit distance of a projectile due to
gun bartel rifli Eg ua ﬁ! %&!Mi’fows for real tine assessnent of nuzzle
vel ocity and sub L OUp ange velocities. This sensor allows

conbi ning nuzzle velocity, turns, and tifl-to accurately establish a range

dependant burst. The invention uses a magnetic circuit to conqunicate to
the fuze. Afletionation means is;activated whenithe epunies indjgates,that the projegtile dps rotated

Sl o § i ARG BP0 g SRSt Ve, The recelvi
nodul at ed ort.o a Teer apparates ofdllaimT6 durtherr ineludiniggadjistmentr eomputing dmeanst foe
fuze and is ysed 1o charge 8,copacl! of oL, SLOUASE ol aliifciatan ROUSE
5 velocity, wherein the detonation means detonates the projectile when the projectile has
reached the adjusted turns-to-burst range parameter, whereby the accuracy of the
detonation is increased. _
8. The apparatus of claim 7 wherein a time interval range parameter is received by
the receiving means in addition to the turns-to-burst range parameter, and wherein the
10 projectile utilizes the counter over a first predetermined portion of the projectile
trajectory and wherein the projectile utilizes the time interval over a second
predetermined portion of the projectile trajectory.
9. The apparatus of claim 8 wherein the projectile utilizes the counter for the first
1000 meters and utilizes the time interval thereafter until projectile detonation.
15 10. A magnetic sensor system for use with a fuze of a projectile fired from a gun
where the projectile spins about its longitudinal axis, comprising:
(a) an inductive transmitter;
(b) a receiver inductively connected to the transmitter for receiving a turns-to-
burst turns count from the transmitter; .
20 (c) spin signal means for generating a time changing spin signal based on the
~ projectile rotation in the earths magnetic field, conductively connected to the receiver
where the signal is sensed for each turn of the projectile;
(d) counting means for counting the turns of the projectile operatively connected
to the spin signal means; and '
25 (e) detonation means conductively connected to the counting means for
detonating the projectile when the turns-to-burst turn count has been reached.
11.  The sensor system of claim 10 further including computing means operatively
connected to the counting means for determining the actual muzzie velocity of the
projectile based on the turns counting and a barrel pitch constant of the gun, wherein
30 the computing means comprises a timer connected to the counting means for -
~ determining the time for a projectile to spin a predefermined number of times.
12.  The sensor system of claim 11 further including compensating means operatively

connected to the computing means for adjusting the turns count, which is based in part



nmodul ation with ' and other information is decoded and

processed for 5 nﬂiﬂ 'mpﬂ”mﬂmﬂer definition. As described above, the
range to burst of Ml'@ T8 subject to errors due to various factors.
The fire control electronics of a weapon-Kystem provi de nonmi nal data based

on a calculated range to byrst or time to burst to the fuze. This data is

- only as accuP%f&° ﬁ%*umeajr@wleﬂ@i%%f fox the differenge batween %@ﬁimnafl lagsumsdi nal
settings, onguedi i heSadnitf 25 zzl e velocity. Therefore, it is

desirable to gd’j ﬁiv?lofiﬁgarﬁgr%e;ato burstengéé%e on actual neasurenent of the

muzzl e vel ocl3.y Thersensod gystem ofl claim 10 whemin teresetveraedejves ashnseirying signaloy ed
turns may be counted,

h iectile. Full £ ;
he Gesired. B dhe ttSolRleRtinpludes ¢ SomagfionSrerively Camesied T wedssaivers
magneti ¢ §i ewhichASchirkdd WRerrthe pHsjectle feReivaPhe dﬁﬁ'chbfyﬁg'cfi@gﬂ %gﬁgﬂicﬂ Gs hdad

characteristics of the gun, spinrate can be detern _ _
pr edet er m net® BIQWide power §or the fuzeaftesdisingcount ed. Spin rate is proportional

to

14. The sensor system of claim 11 wherein a time interval range parameter is received
by the receiver and further including time interval counting means for storing the time
interval range parameter which is operatively connected to the timer such that the time
10 interval counting means decrements the time interval range parameter at a regular
predetermined time interval whereby the detonation means detonates the projectile when
the time interval range parameter has been decremented to zero.
15. The sensor system of claim 14 wherein the projectile utilizes the counting means
over a first predetermined portion of the projectile trajectory and wherein the projectile |
15  utilizes the time interval range parameter over a second predetermined portion of the
projectile trajectory. '
16. 'The sensor system of claim 10 further comprising a proximity sensor for sensing
ferrous objects a predetermined distance from the projectile operatively connected to
the detonation means for detonating the projectile regardless of whether the turns to
20 burst count has been reached. '
17. The sensor system of claim 10 further comprising an impact sensor operatively
connected to the detonation means for detonating the projectile at impact with a target
regardless of whether the turns to burst count has been reached.
18. The sensor system of claim 17 further comprising delay means operatively
25 connected to the detonation means for delaying the detonation of the projectile for a
predetermined time period. |
19. The sensor system of claim 17 further comprising ferrous detection means for
differentiating between a target which is substantially ferrous and a target which is
substantially non-ferrous, operatively connected to the detonation means wherein the
30 projectile detonates on impact if a substantially ferrous target is detected and detonates
after a predetermined delay if a substantially non-ferrous target is detected. ‘
20. A weapons system comprising:

(a) a projectile having a longitudinal axis;



muzzl e velocity. Immu zzle velocity is determ ned. Once nuzzle
vel ocity has been W"mrﬂm ange to burst of the projectile may be
adj usted to conpensaté fér & nuzz e velogity which is not equal to 20 the
nom nal value. If the fuze is program*redﬁo detonate after a nunber of

counted turns, tg : L.aal
vel ocity val ue aK@ ﬁ%ﬁﬁﬁber %Pghﬁ)ﬁé@aké) ur S aﬁfs%gg%@%yeehpﬂ%%?ggggpﬂ?
downavar d t oaronng ésdenginfdinal axis, Wheneathc pm_]ednla/ ofilbspinya predetehnined aamberiof
muzzl e vel ocit S ater tha % nom n t hen .t he number of tur?s to
burst is deE*’B%E%‘o“’g istaperas ?’6? agrel pi cﬁﬁ%‘lfr‘B‘EF%ItB@ﬁ‘Fe?@ oL iirngs o
than the nom nal (¢gR pRfechitThRindfa SeHsBS thrBust Wifich $he ea&ssag.@%n&@c ﬂvce

error. Referring to Figure 3, a cfoss section of a projectil
The proj oct génerges aonouaassonceuhsprmo@mmsm; manafdreﬁmhgm and a nose

The mose ai emont COPTaRGE s Rl mERR Brfitedt s Sl AF Bk b Gthber” |
knows that bhfimey#ike pRjeckife sphnciroaRbits ldhgltudmal- axis, and

(e) detonation means for detonating the projectile when the projectile has reached

-

a predetermined spin count.

10 21. The projectile of claim 20 further including spin rate computation means for
determining the spin rate of the projectile, wherein the spin rate computation means is
comprised of timing means operatively connected to the projectile spin count means for
determining the time for the projectile to spin a predetermined number of times.

22.  The projectile of claim 21 further including computing means for determining

15 actual velocity based on the barrel pitch constant and the spin rate of the projectile.
23.  The projectile of claim 22 wherein the projectile includes receiver means for
inductively receiving a turns-to-burst range parameter prior to the projectile exiting the
means for firing, wherein the turns-to-burst range parameter is based in part on a
nominal velocity parameter. '

20 24. The projectile of claim 23 further including computing means for adjusting the
turns-to-burst range parameter based on the actual determined velocity, wherein the
detonation means detonates the projectile when the projecﬁle has reached the adjusted
turns-to-burst spin count, whereby the accuracy of the detonation is increased.

25.  The projectile of claim 24 wherein a time interval range parameter is received

25 Dby the receiving means in addition to the turns-to-burst range parameter, and wherein
the projectile utilizes the projectile spin count over a first predetennined portion of the
projectile trajectory and wherein the projectile utilizes the time interval over a second
predetermined-portion of the projectile trajectory.

26.  The projectile of claim 25 wherein the projectile utilizes the projectile spin count

30 for the first 1000 meters and utilizes the time interval thereafter until pro_;ecnle
detonation.

27. A method for counting each rotation of a projectile, after firing the projectile from

a firing weapon, the projectile having a longitudinal axis, the step comprising:



30 fit in the nosre;umﬂmmuumwﬁlﬁay al so be "packaged" to fit in both the
nose and base el e 8BS desired. Figure 4 shows the nose
el gnent 14 of Figuré 3*with" fuze 16. Figure 4 shows the el ectronics 18 of
the fuze 16 which are necessary for oper'é'i on, which are -7- well known

e shown, as. ar SR Safb it gt gk Aoyl KO 3Pl Yol bR hateR B
exanpl e of 28f AR héed bf chinR70whereir Giefsiplisfadoufiting fifrthieh encludes gdieraing
known and may be utilized within the spirit _of the invention. 5

Referring t & Spingignal syhighearies oxer)téme jas the prejeghileotatagabaut itcaxis inthe gawhs
magnetic field and where the spin signal reaches a predetermined threshold a
5 predetermined number of times for each rotation of the projectile, whereby a rotation
. is counted when the spin signal means reaches its threshold the predetermined number
of times.



20. The magnetic transducer includes a single coil 22, a shapes—care 24 and
a magnet 26. This magnetic transducer 20 receives data.fTsgHhe remote -~
setter (best seen in Figure 6) and al so senses the earth’ ' jheen Répfl o
to count turns of the projectile. The i A8 ent axi al sens

coil 22 acts as the receiver for Bhe AC.remqt e set 10 conlrL s ‘7
waveform (best seen in Figure S)A C power and- data to e
fuze. The cylindrical magnet portion 26 of the transducer 20 provides
transfornmer coupling with the setter coil located in block 32 of Figure 6.

The shape of the transduc MUBGEIEUNCTIONAL MAGNEERIC KYLE signal from coil

22 as the core 24 rotafes.,a its | ongitudinal { S ext er nal
honpbgeneous fiel d. 15% \ﬁ%ﬁ-ﬁ‘?‘ﬁ@g‘@lﬁﬁ#"%“%&ﬁ& ;&%qo%éc*d ’hg’ %@F‘ffe’ﬁﬁfu At to
the spin sixiappdradikd debd)for chentigbeachi loRatipATdfi # PeojeSiileTafich Firli@f fomaases
magnetic flux to alternate in direction_ through the coil thereby .Pr oduci ng
a sine wave WegpPmgeA signal iegenerajecthwhichyindicates dhesetatienscok therprajectilesand ¢ he

earth’s fielgyMert Qi ink Gl 80 HhP AR SjechlSnsy Aot 5: & HlehBBinRBR hbiiilf

number of turns. The turns count may also be used to calculate spin rate and muzzle

velocity so that the nominal turns count may be adjusted based on actual velocity.
10 The fuze also may include a timer for counting a time to burst of a projectile. The

turns count and/or the times count may be utilized to provide accurate detonation.



decreases with the cosine of the angle. One skilled in the art wll
recogni’ze that the 20 tabs 25 may be of different shape and size than
shown, but still produce\the alternating flux path as _described herein.
Further, the size of the ‘transducer can be adj usted for rolinds of—different
caliber. The core 24 gives the coil radial sensi ThivShes HaghdeRRENG41ONI t Or i NG
of the earth's field as the projectile spins. The In the
formof a sine wave. One 25 conplete sine vvaver Hﬁjﬁurn of the
projectile. A voltage is generated by the nagnetlc ra sensing

t he time-changing magnetic field of the earth due-to-projectile spin. The
vol tage anplitude increases until it peaks at a quarter turn of the
projectile and then decreases to zero at the half turn point. The voltage
then reverses direction and the anplitude increases to the three quarters
turn point and then decreases 30 to zero when one conplete turn has been
made. Therefore, the zero crossings can be counted.” Each turn of the
projectile is represented By two zero crossings. One skilled
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in the art will recognize that known engi neering nethods may be utilized to
count partial turns of the projectile so that the turns count may count
quaJters of aturmor a v -8- partial turn. The spln S|gnal allows for a
determ nation of nuzzle velocity as will be des qﬂhﬂ spin
signal continues for the total life of the fligh l t|Ie and
provi des a neans to accunulate a turns count as- |r bur st
prediction in place of, or in conjunction with a tlne pre |ct|on Al t hough
a search coil 5 magnetoneter has been described herein, it should be

understood that other nmagnetoneters may be utilized. Referring to Figure 6,
a bl ock diagram of a weapons system i ncl udi ng
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the invention is shown. Block 30 represents the Fire Control System of a
gun (not shown) which fires the projectile 5 including the fuzing system of
the tnvention. The 10 fire control system30 is attached ta .or is .an.
infegral part of the gun and includes appropriate well knomn C|rCU|try and

processors for neasuring the range to target of the pr ied ed
by an operator. The fire control syst 0 al so conpute bur st
or turns to burst for the particular ctile based o

sel ected by the operator and the kn listic characterlstlcs of

gun. Fire control systens 15 are kpwn iX\the art and provide nunerous
functions and information. The tur to bulst count is derived from
bal i stic characteristics,gother pgfaneter{land nodeling which are known to
those skilled in the art. Athoyghyderived W the past, the turns to burst
count has not  been utilized becaugg no knowm\net hod existed to count the

turns of the projectile during TIQ ove are provided as exanpl es
to explain the 20 invention andQghoyl d considered as |imtations of
t he invention.
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Bl ock 32 represents the renpte setter or fuze setter. This device is known
in the~art and provides for power-up of the fuze and also transmts the
necessary information fromthe operator to the fuze. The_fuze_setter 32 |s
cofiductively connected to the fire control system 30 |n the preferred
enbodi ment. The renpte setter 32 may 25 be a renote he Bétﬁkebjdaydthe
user or may be attached to the gun or an integral part e fuze
setter 32 accesses every round during the gun cycle to

conmmuni cation functions to the fuze 10. The setter 32 is deS|gne

allocate a period while the projectile is in the ramor pre- chanber
position for comuni cation. Each round receives the necessary exposure
while the previous round is being fired. 30 A typical setter
32 includes two coils (not shown) arranged so as to be closely coupled to
the fuze nose elenent while the round is in the ramposition. The coils are
arranged to additively drive their |eakage flux (flux outside the setter's
coils) down the axis of the nose el enent 14 of the prolectlle 5to the
magneti c transducer 20. .
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-9- The.setter 32 is inductively coupled to the fuze 10 of the projectile 5
and act¥ as a transmtter. The setter 32 nust comunicate information to
the flize 10. At a minimum the information for a bursting round wl|
contain a paraneter representing range, i.e. turns to--burst, _tine interval
or a conbi nation of both. The setter 32 may 5 also” ss |nfornat|on T

I ncl udi ng node settings and error conpensation data rReplaced
variety of functions or nodes can be sel ected or prior ual l'y
in each round. The communication is shown in Figure 8 r-up

-and nessage period comunicated to each fuze 16 fromthe setter I'S
depi cted. The : ’




10 rmagnetic waveformreceived at the magnetic
in the preferred enbodi nent 40-50
relattvely high voltage allows for high energy
(shown in Figure 6) and is also used to charge

peak signal

in Figure 6)
det onat or.

al |

the storage of fuze power

par amet er

in the base el ement specifically reserve
38 conserves fuze
cases where the power storage capacitor 36 drains too

The det onat or

data. An initial’

capaci tor

sensor 20 is a large peak to
The
storaQE“ﬁﬁ““tapaciTOT 36

volts in anplitude.
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fuze electronic circuits are individually powered. Sinultaneous wth
I's the communi cation of calibration data and
preanbl e of an accurate burst of 10 Khz is

shomn

I n

means

nodul at ed at the begi nning of the waveformto create a start signal
the fuze to quick-lock its own internai timeCbase to the

used in 20
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internal tine-base reference. Follow ng the 10kHz preanble are frequency
shift m)‘dul ated signals of 25 7kHz or 13kHz referenced—te-the 10kHz which
represent digital (bits) 1's and 0's. Up to twenty bifs can be com‘rum cat ed
to the fuze 16 in this nmessage format to include data :
conpensation direction and node settings, and tinme del
El even bits will allow paraneter neasurenent to an acc
0.1% and 9 bits remain for other functlonallty and future grovvt )
shoul d be 30 understood that the frequencies used for the preanble and to
represent 1's and 0's, as well [ t.he, of bifs transmtted can be
varied as desired. The magneti H{'ﬁ aicg?%olnf |{du ation 20 serves several
functions and all ows for sIever u%tlon 0 (lve p rformed within the fuze
16 without speC|f|c on- axi _
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-10- posikioning. The magnetic transducer 20 acts as'a recelver mhere o

informetion is inductively communicated to the fuze 10. R ldwﬂ
Fi gur'e ‘6, the power storage and supply 34 of the fuze is s 10
must have a power supply 34 to function. The inductive cou

transducer 20 to the fuze setter 32 allows 5 |ange voltages to
transferred fromthe setter to the fuze 10, as ng;ussed above. In this
manner, the fuze 10 is powered. Referring to FngﬁE07 a top level

algorlthn1of the invention is depicted. €s gudﬁd 6 will. be discussed
I n tandem Block 40 represents the p of utili®ing the fire control
The tine to

system 30 to neasure target range. burst for turns to burst 10
or both are cal cul ated based_gn nominal absumed gun and projectile
paraneters. Bl ock 421regres&§s the step P iCp [T Ag data including
t he range par anet er df b|OQEd,
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40 through the setter 32 to the transducer 20. This is done when Fffg¥ifser
operates~the trigger, followed by insertion of the round into the Thanmber
and firing the round. The fuze 16 includes communication circuitry 46. This
circuitry 46 includes filtering 15 networks 48 and bit decode and store
capabilities 50 which decodes the paraneters conmunicated to the fuze 16
and.passes themto |ogic processor 62. Theygl ock or timer 44, shown in
Figure 6, is also calibrated. Fuze nbdes, such as point detonate del ay

nmode, air burst, standoff detonat epAbsitaBESf BibiDikcloirg!t detonate, etc. which
are well known, are al so communicated to the tTuze at this point.
Prioritization of fuze nodes 20 may al so be communicated to the fuze 16.
Once data has been comunic : i IS detected.
This function is_represente@h@?ngﬁgigegéﬂéghé&%c$ﬁﬁékgﬁﬁ?k%). As di scussed
above, nuzzle exit is def piufififstions] ﬂﬁ@éﬁe fuke RS &iseI6¢ed2 0 Thd Rensof lisicutfes an
confinenment in the gun barrel shields tThe transducer fromthe earth's
magnet i c f Sel appanatusigod method for eountipg each rotation of a projectile after firing from a
weapon. A signal is generated which indicates the rotations of the projectile and a
counter counts the turns so that the projectile may detonate at a predetermined nominal
number of turns. The turns count may also be used to calculate spin rate and inuzzle
velocity so that the nominal turns count may be adjusted based on actual velocity.
10 The fuze also may include a timer for counting a time to burst of a projectile. The

turns count and/or the times count may be utilized to provide accurate detonation.

Figure 3
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25 magnetic field transition is generated. The transducer senses this
abrupt magnetic field transition and uses this sensing of nuzzle exit as
the starting point for the countdown to detonation. In '
muzzle exit, the tine is set to zero and the turns cou
The count for time-to-burst, turns-to-burst or both is
nmuzzle exit signal also serves as a true electronic se
confirmation, as would be known by those skilled in th
starts a tinmer which determ nes a safe a¢paration di st
projectile. After nmuzzle exit has been détermined, the jspin rate is
measured as represented by block 54. The spin rate is ngasured 1n the Tlrst
few neters of travel. In order to measure spin rate the nunber of turns
must be counted. Referring nowto
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Figure 6, block 56 of the fuze 16 counts turns. The turns are sensed by the
transducer 20 as described earlier. The signals are anplified.z
58 and the zero crossings are detected at 60 which 34hyﬁﬁﬁm@@TtSHEE‘%
the turns are counted. The time, time 5 and/or turfibovbirs '
mode are also input to the |logic processor 62. The {b il 1istic
relationship is as follows: @QunBarrel Pitch=P= [err] i @ 2NV a%*éant
the barrel rifling (advance ratio). N=totalturns= [kr{
[err] 10 Therefore, spifate = CV or{the rragnetorret er
measured spin signal is directly proportional to, agd

nmeasure the actual nmuzzle velocity. In other words, knOMAng that the
projectile will turn a predeterm ned nugber of tines per
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unit distance, the nunber of turns over a neasured tine allows cal culation
of :the:actual nuzzle velocity. -12- Referring again to Figure 7, block
64 represents the cal culation of the nuzzle velocity based on _spin rate.
The nuzzte velocity is calculated by the |ogic proc \AERETpoI nt
bl ock 64 al so adjusts the range paraneter based on t%S?LAQE b«E T
calculation. This function is perfornmed by | ogic prqcgssor 62. The %

o

time-to-burst or turns-to-burst may be adjusted. Thqg IlogR@NOVWEPéso
i ncl udes | ook up tables or data which,3b8sed on the jadtual velocit :
I ndicates the adjustnent to the tinme or turns. This Jadjustnent is desijgned
for each gun/round conbi nati on and

2 »

(2Ll

7;
7
72,

Figure 3



ef fectiively conpensates for the nonlinearity di scussed above and shown in
Figure 1. Such an adjustnent could be inplenmented using a | ook-up table
nmet hodol ogy based on 10 test results and nodeling. :
form the table would be entered with the actual veligﬂ% (Bﬂﬁﬁ 7‘SE'JT
correspondi ng turns correction nunber would be read pug, mhere t he
correction nunber is based on the difference between]the tm@?@% buyrdt for
the nom nal velocity and the turns to burst for the hctual vel ocl A nore
conplicated version of the | ook-up tabla&gould incorpo
paranmeters such as angle of 15 firing which is relevant to artlllery guns
and rounds and tank guns and rounds. O her projectile and gun paraneters:
could easily be incorporated into a nodified | ook-up table where the only
limtations are the anmount of nmenory (dictated by projectile size)
avai l able and the testing and nodeling that is desired to be undertaken. As
one skilled in-the art knows, the amount of testing needed is |limted by
known nodeling 20 techniques.
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The fi-nal step is illustrated by block 66. The fuze initiates burst at
proper range in block 66. The signal is transmtted frc“.thC"n"L“

processor 62 to the firing circuit 68. The firing circyREP CENE%H‘SHEET
conductively connected to the detonator 70 for detonatijo The

projectile. 25 The magnet 26 of the transdqu er Eﬁgﬁpﬁgﬁ seeh
in Figure 6) provides a short range arnor proximty fufc ié% hephd
standof f or hard/soft target differentiation by virtuejo
ferrous properties which fornms a tinme veyying nmagneticjcircuit reluctanc
The ferrous nature of a target, such as a tank, initiates a arstrnct g
frequency (dH dt) signal which can be categorlzed as a short range 30
proximty sensor. This signal is enhanced at short ranges by the permanent
magnet "bias" field which is significantly stronger than either the targets
I nduced or permanent signature. Therefore, a warhead nmay be predetonated at
a short distance fromthe target or before target inpact using this short
range contai nnent feature. An additiona

D

Figure 5




-13- function is inherent fromthe standoff signal. If no short standoff _
si ghal has occurred just prior to inpact, the fuze can t '
differentiate between a heavy ferrous target and |ighter vkégg@ﬁ@“g§HEET
non-netallic targets such as a bunker. The heavy ferrouq tlarget is
categorized as hard and the light conposite target as sdqft|. gﬂhﬂ@ﬁ&ﬁﬁl, 5
short standoff (shaped charge) warhead detonation is dedirled for hard
targets and a del ayed detonation after inpact is desiredq for soft targetsi
The inpact sensor 72 is used to cause tggaprojectile to ldetonateif—it i
| npacts a target prior to the generation of a "hard target" detonation
signal by the electronics in fuze 16. In a preferred enbodi nent, a piezo

crystal is utilized for this § O
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10 fwunction.
fumcti-on. Anot her

recogni zable (dH dt) signal
itself.

magnet .

This function is commonly referred to as the point detonate

means for acconplishing this non-hard-ta i
function is the use of a flyer disk 80 (shown in Figur
disk is held to the front of the transducer
woul d inertially release and by magnetic physics effec
Yet anot her approach is 1
The magnet can be designed, by7i/i8s conposition

r nat

(REDL ACEMEN T SHERT

Frpact, thi s (di

ey

gnet

er
sk ;

Uppn
[ S
b

magneti zation at the shock | evel of inpact, thereby prpducing an
appropriate signal. Al of th SE sgnﬁ r f cti ohs—carmpe USEd Th
combi nation with the tiner t o, %Mﬂﬂggq%a etonation. The specific
el ectroni cs and desi gns t,q achi.eve e %;%gj*}% are well known in the
art. 20 on& i & also realize that a
conbi nation of turns only, tine<Hd j e, or tinme then turns
nodes of operation could be e oy y54np¢éne tti# g the inventive fuze.
The tinme function may al so be | + i3t ok
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sel f destruct node. The above Exanples and disclosure are intended to be

Il Fustrative and not 25 exhaustive. These exanples an -
suggest many variations and alternatives to one of ordljgﬁﬁfghﬂﬂENT :

art. Al these alternatives and variations are intended]t 3 be |ncluded
Wi thin the scope of the attached clains. Those famliar}w ﬁ
recogni ze ot her equivalents to the specific enbodi nents d=scn
whi ch equi valents are also intended to be enconpassed bl t
attached hereto. -14 - CLAIMS: 1. g/Mul tifunctional nagnetic,fuse
apparatus in a weapons '
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systemfor determ ni ng- the detcmatlon point of oja pﬁé
U axl's

gun where the proj ectll S about its I gn _.|_ ; o] —
magneti ¢ transducer mean t‘&' ! Y f%_-‘ 0? Wee 2 fﬂd "
(5), conprising: (a) etr g E‘ﬁ Uy P tur s mgnf

"“’('6?(3 6f t e PASCA ...

in the fuse (16): (b) countln
projectile as it rotates around |ts Iongltudln I ' *’*f‘ﬁ thé"%ﬁlrth%?age -----

magnetic field; and (c) nmeans (70) for detondting the projectile (5) when
the turns-to-burst turn count has bgen reached:| -DATE GRIREGCE@Tet.tE.......

M

transducer neans (20) generating a spin signal which varires Oveér ti1ne as
the projectile (5) rot MEETIFUNCTIONAL MAGNETIC FUZE

Eigld of the Inveation

This invention relates to the field of fuzes apd more particularly, to an
apparatus and method for contral of a -projectle with fuze functions including
wagnetically sensing ballistic spin paremeters and computing mauzzle velocity for
accurately controlling range to burst of a projectile.

Background of the Invention

Remote sensble fuzes bave been used in projectiles for some time. A
remote settable fuze alfows external information to be ipput to the projectile before
firing. One known method for ioputing infotmation to the fuze is by non-contact
inductive coupling. Thisisa transformer approach with the peimary of the transformer
placed ousside the projectile, in what is commonly called a setter, and the sccondacy of
the transformer placed in the fuze. Magnetic flux passes between the primary and
secondary with appropriase AC modulation conratning data. The information ingut to
the fuze relates 10 a fuze mode Mg or for example, may contain a time-to-burst for
the projecdle. Time-to-burst represents 2 predetermined time period after firing,

- a“pmxumnng a desired range, aftes whxch the pro;ecn!e detonates.

Another apparatus for msasuring the distance travelled
by a3 moving body such s a projectile or missile is disclosed
in the patent specification GB-A-1129448. There is provided
equipment for measuring the distance travelled by said pro-
jectile by counting revolutions of said projectile in the earths
magnetic flald. A transducer having & pick-up coil wound on 3
core of magnetic permgable material is rotating in the earths
magnetic field with said profile and providing electrical
signals corresponding to the number of revolutions of said
projectile which sre submitted to a counter which is respecnsive
to said electrical signsls. To uvtilize this equipment as spplied
to an srtillery projectile it is necessary to know the pitch of
the helix treced by a point on the projectile’s surface during
flight, The relationship ODistsnce =Humber of Revolutions x
Pitch determines the point of detonation,



about its axis in the earth's magnetic field; and wherein the turns of the
projectile (5) are counted by counting the nunber of tines said spin signal
reaches its predeterm ned threshold; characterized in that prior to firing
the projectile (5), the magnetic trans- ducer neans*tﬁeimrecelves setting
paraneters froman inductive transmtter (32); -
transducer neans (20) senses the abrupt magnetic fiel
puzzle exit, and the resulting inductive signal is us
poi nt for the count- down to det onati on; - spinr
(54) determne the spin rate

-la-

In a bursting munjrions scenarjo, the most imporant feamres of the
projectile and its fuze are accuracy and safety o the user. These factors are related o
fuze cootro] funcrions. Previously, systems have used expensive and complicated
mechanical and/or elecrrical methods to try to more accurately determine the range of
a projectile and control the fuze. One variable which grearly affects the accuracy of the
range determination is the actual muzzle velocity. which can vary depending on 2 large
number of known fectors. It has always been desirable to conirc} the detonarion of a
projectile based on a determination of actual muzzle velocity. However. an accurate
system for determining muzzle velocity within a projectile has not been available.
Systems mounted directly on the muzzle of specialized guﬁs do exist, but greatly
complicate the gun and are contrary to a generl standardized approach for all weapons.
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of. the pr oj ec

counting the nunber of turns where- as a tinmer

ti
(44) determ nJQ,HWMm m"u"ge projectile (5) toThobmbaiasBehReHced M ned
nunber of times; “ant, Y ! lile velocity conputin t efri ne
the actual muzzle velocity bdsed on a barrel pitch amm figing
gun and the spin rate of the project&lg. -15- 2. us Of
claim 1, chaaictafized in that said épin signal is sinusoidal and the
pr edet er m zbshol d magnitude is zero, and where the zero threshold is
crossed 1. Multifunctionsl magnetic fuse apperatus in a weapons

system for determining the detona%ion peint of @ projectile
fired from a gun wheare the projectile (§) spins about its
longitudinal axis with magnetic transducer means (20) for use
with a fuse (16) of the projectile (5), comprising:

(3) means (32) for setting a turns-tc-burst turns count in
the fuse (186):

(b) means (62) for counting each rotstion of the prcjectile
as it rotates around its longitudinal axis in the esrth’s
magnetic field; and

(c) means (70) for detanating the projectile (5) when the
turns-to~burst turn c¢ount has been reached:

- said magmetic transducer means (20) generating a spin
signal whieh varies over time as the projectile (5) rotates
about its axis In the earth's magnetic field; and wherein
the turns of the projectile (5) sre counted by counting tﬁe
number of times ssid spin signal reaches itz predeterminad
threshold:

characterized in that

- prior to firing the projectile (5), the magnetic trans-
ducer means (20) receives setting psrameters from an inductive
transmitter (32);

- said magnetic transducer means (20) ssnses the abrupt
magnetiec field transition upon muzzle exit, and . the resulting
inductive signal is used as the starting point for the count-

down to detonation;

- spin rate computation means (54) determine the spin xate
of the projectile (5) by counting the number of turns where-
as a timer (44) determines the time for the projectile (5)

to rotste a predetermined number of‘times; and

- muzzle velacity computing ‘@eans (64) determire the actusl
! L] - »
muzzle velocity based on 2 barrel pitch constant of the firing Y

gun and the spin rste of the projectile. o
REPLACEMENT SHEET
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tmﬁée for each conplete rotation of the projectile whereby each conplete
rotation generates one wavel ength of the sinus- oi d'HhsShpdtHaSSBe

The apparatu
(20) conpris

ETA G

(24, 25) throtigh®whicH th

signal as the projectile (5) rotates

ug racterized in that the e ; ?egmeans
a con- ductive mnndlng a core

e earth's naggetlc field gene varying
The apparatus of cIa|n11

characterized in that said transducer neans (20) isinductively receiving a
burst range paraneter prior to the projectile (5) exiting the

turns-to-

gun, wherein Sa'drmér&ﬁELQEmé%fbéﬁéﬂnhn«B&&Lcaﬂxaemqmlthﬂakamuzzle vel ocity
parameter, and where

spin signal is §§£&¥1 ond the predetermined threshold

magnitude is zero, 8nd where the zero threshold is crossed

 twice for esch complete rotation of the projectile whereby

each camplete rotation gnnerates ona wavelength of the sinus-
oidsl spin signal.

3. The apparatus of claim 1, characterized in that the
said transducer mesns (20) comprises a magnet (28), a ccn-
ductive winding coil (22) and a core (24, 25) through which
the esrth's magnetic field generates a time varying signal
as the projectile (5) rotates.

4, The espparatus of claim 4, cherscterized in thet said

transducer means (20) is inductively receiving 2 turns-to-
‘burst range pareameter prior to the projectile (5) exiting

the gun, wherein said parameter is basaed in part on a nomi-
nal nuzzle velocity parameter, and where the detonation
means (70) is -activated when the countexr (62) indicates
that the projectile (5) has ratated a number of times equal

to the turns-to-burst range parameter.

5. The apparatus of claim 4, charaecterized by adjusting
the turns-to-burst range parameter with the actual muzzle
velocity caleulastad on the bssis of a barrel pitch constant
of the gun and the spin rate of the projectile, and where
the detonation means (70) dstonstss the projectile (5) when
it has reached the adjusted turns-to-burst range parameter,
whereby the sccuracy of the detonation is increased.

6. The spparatus of claim S, wheredin a time interval range
parameter is recsived by said transduccr means (20) in addition
to the turns-to-burst range parsmeter, and wherein the projectile
(5) uvtilizes spin rete counting over a first predetermined portion
of the projectile trajectory end the tire interval tased on tha
adjusted turns-to-burst rangs parameter over a second predeter-
mined portion of the projectile trajectory.




means (70)

par anet er .

js activated when the counter (62) indicates that the projectile
(5) has ropateg_a nunber_of tipmes equal to the turns-to-burst range

A : The appar at us! of ﬁlahn14 ch?racteTMZﬁdd I;! e
e g, .5 s AT <

projectile,

and Wwhet e t he détonati on neans (70) detonates the project

(5) when it has reached the adjusted turns-to-burst range paraneter,

wher eby the accuracy of the detonatiohb+s increased. 6.

claim5, wherein a tine interval range paraneter is received by said

t ransducer

freans 20) in addition_t mtéﬁe LYrns- Lo- burst hapgenpasagmEt er,

and wherei n’the ghgj agepyatus of cla

jectile (5) utilizes the counter (62) for the first 1,000 meters
and utilizes the time interval thereafter until projectile de-
tenation.

8. The apparatus of claim 1, characterized in thst after
determinetion of the actual muzzle velecity by said computing
means-{64) the turnsg count is adjusted, based in part on a
nominal assumed muzzle velocity for the difference between
the nominal assumed muzzle velocity and the actual muzzle
velocity.

9. The apparatus of claim 6, characterized by an interval
timer (44) for storing the time interval range parameter, and-
thet said time interval range parameter is decremented to zero

whexeupon the dgtonation means (70) detonstes the projectile (5).

10, The apparatus of claim 1, cheracterized by a power supply
(34) including a capacitor (36, 38) operstively connected to
said transducer means (20), which capacitor is charged when

the projectile (5) receives 3 data carrying signal which is
used to provide power for the fuze after firing.

11. The spparatus of claim 1, charscterized by & proximity
sensor (72) for sensing ferrous objects & predetermined distance
from the projectile (5) operstively connected to the detonation
means (70) for detonating the projectile (5) regardless of
whether the turns-to-burst count has been reached.

12. The spparotugs of claim 1, characterized by en impact

sensor (72) operatively cannescted ta the detonatien means (70)
for detonating the projectile at impact with a target regsrd-
less of whether the the turns-to-burst count has been reached.

13. The apparatus of clsim 12, characterized by delay means
operatively connected to said detonation means (70) for delay-
ing the detonation of the prnjéctilc (5) for a predetermined
time period. '
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(5) utilizes spin rate counting-over a first predeternined-portion-of_the

projectile traj ' I nterval based on tHss,ael e
turns-to-burst ﬁmnmmqgrm”ﬁr a second predeter - G 7Y cedf t he
projectile trajectorty. t u-16- 4. The apparatquof=g im ' (l
characterized in that the pro- jectile (5) utilizes th ' f

the first 1,000 nmeters and utilizes thd7inme interval thereafter until .
projectile de- tonation. 8. The apparatus of claim1l, characterized in

that after
14. The apparatus of claim 12, characterized by ferrous de-

tection means incorporated in said impact sensox (72) for diffe-
rentiating between & target which is substantially ferrous and
a target which is substsntially non-ferrcus, operstively con-
nected to said detenstion means (70) wherein the projectile (5)
detonstes on impect if & substaptially ferrous target is de-
tected and detonates after a predetermined delay if @ substan-
tiolly non-ferrous target is detected,

15. Method for determining the muzzle velocity of a projec-
tile (5), after firing the projectile from a gun, wherein each
rotation of the projectile is counted as it rotates around its
longitudinal axis, cheracterized by the following staps:

(a) when counting each ratetion, a spin signal is genersted
which veries over time as the projectils rotates about its
longitudinal axis in the earth's magnetic field end where the
spin signal reaches a predetermined threshold 3 predetermined
nunber of times for each rotaticn of the projectile, whereby

a rotation is counted when the spin signsl reaches its threshuld
the predetermined number of times;

" (b) 3 spin rate of the projectile is calculated (54) by
timing the time for the projectile to rotats s predetermined
number of times; and

(c) 3 muzzle velocity is calculated_(64) based on
- a barrel pitch constant of the gun, and
- the spin rate of the projectile,
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by an interval timer (44) forPAS¥Ng TR NATS BB | nt er val rapge paranmeter,
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“used to provi de power for the fuze after firing, ; 11r ,.d:nLh %men.e of
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claim1, characterized by a proximty sensor (7 ) er. seQS| SG
obj ects a predeternined di stance fromthe projegt Mgh& ope <l é’F‘!}O Maged .o,
corinected to the detonation neans (70) for deto_abl % --f-'ﬂ@ (Eed . v
een 220 paghle,.,
sens“‘ o 72)P9!894r a,tit,:vpgig)éd

ing the projectile

regardl ess of whether the turns-to-burst count

apparatus of claim1l, characterized by an inpac
connected to the detonation neans (70) for deto
inpact with a target regard- |ess ofi. whether th Et OFnRECEIIPRI st'rmount
has been reached. 13. The apparatus of claim 12, characte
means operatively conndBAITFYRCEANALMAGNETIORU R ans (70) for delay- ing

the detonation of the projectile (5) for a predeterm ned

Field of ths Invention

This invention relates to the field of fuzes acd more particularly, to an
apparatus and method for conwol of a projectile with fuze functions including
wagnetically sensiog ballistic spia parameters and computing roezzle veleclty for
accurately conmolling range to burst of a projectife.

Background of the Javention

Remote setisble fuzes bave been used in projectiles foc some time. A
remote settable fuze allows external information w be input ta the projectile before
fitng. One known method for toputing infotmation to the fuze is by non-contact
inductive coupling. This is a transformer approach with the prizary of the transformer
placed ourside the projectile, in what is commonly called a satter, and the sccondary of
the transformer placed in the faze, Magnetic flux passes berween the primary and
secondaty with appropriate AC modulstion conmaining data. The 1mormauon ingut to
the fuza relates 1o a fuze mode setting ot for example, mzy coazin a time-to-burst for
_the projecdle. Tirne-to-burst represents a predatermined time period after firing,
approximating a desired range, aftcr which the projectile detonates.
Another apparatus for measuring the distance travelled
by 3 moving body such ss a projectile or missile is disclosed
in the patent specification GB-A-1129448. There is provided
equipment for measuring the distance travelled by said pro-
jectile by counting revolutions of sald projectile in the earths
magnetic field. A transducer having a pick-up coil wcund on 2
core of nagnetic permeable material is rotating in the earths
magnetic field with said profile and providing slectrical
signals corresponding to the number of revolutions of said -
projectile which are submitted to 3 counter which is respcnsive
tg sald clectrical signals. To utilize this equipment as spplied
to an ertillery projectile it is necessary to know the pitch of
the helix traced by a point on the projectile’s surface during
flight, The relationship Distance=Humbex of Revolutions X
Pitch determines the point of detenstion,
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*ti'me period. - 17- 14. The apparatus of claim 12, {c ' Y/
ferrous de- tection neans incorporated in said inpact|s ns@éﬁ%@" hor
diffe- rentiating between a target which is substanti al f zg d
target which is substantially non-ferrcus, operatively.|cqn-_nected-to-—$afd
detonation nmeans (70) wherein the projectile (5) detongtes on inpact if

substantially ferrous target is de- tected and det onat és—efter—=
predeterm ned delay if a substan- tially non-ferrous target is detected.

-la-

In a bursting munitions scenarjo, the most important fearres of the
projecrile and its fuze are accuracy and safety (o the user. These factors are related to
fuze coatrol functions. Previously, systems have used expensive a2nd ccmplicated
mechanical and/or elecrrical methods to try (0 more accurately determine the range of
2 projecrile and control the fuze. One variable which grearly affects the accuracy of the
range determinarion is the actual muzzle velocicy, which can vary depending on a large
number of known factors. It has always been desirable to contre] the detonation of a
projectile based on a determination of actual muzzle velocity. However. an 2ccurate
system for derermining muzzle velocity within a projectile has not besn available.
Systems mounted directly on the muzzle of specialized guns do exist, but gready
complicate the gun and are contrary to a general standardized approach for all weapons.



15, Method for determining the muzzle velocity of a prefee—tite—t5)
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after flrlng t a gun, wherein each r

projectil’e is qmm‘mmm”m‘“mm es around its |ongitufli faraxrs,
characterized by=tite fol Mowt ng steps: (a) when count | nj %ﬁ?PPﬁoﬁgﬁi n,| a
spin signal is generated which varlgf over time as the{plojectile’iotages

about its Iongltudlnal axis in the earth s magnetic fi el ;
spin sign s a predeterm ned threshold a predet grm ned nunber of

times for gach ;gigtfqu IOA%QemQEPhgféhéﬁﬁ gﬁ@g 3RV s ik OF afd=8@nkS counte

when t he spin si reac res red?tern1ned nunber of
times; (b)systgns Pﬁ ¢ e e i ifge TPR of 88977 % O SPEALCBF o F VEAF DS tining the
tinme for therdy @reatal gud ovheaeatBeapps pratiden{Hedpins abour its

longitudinal axis with magnetic transducer means (20) for use
with o fuse (18) of the projectile (5), comprising:

(a) means (32) for setting a turns-tc-burst turns count in
the fuse (16)}

(b) means (62) for counting each rotstion of the procjectile
8s it rotates around its longitudinal axis in the esrth'’s
magnetic field; and

(¢) means (70) forx detonating the projectile (5) when the
turns-to~burst turn count has been reached;

- said magnetic trensducer means (20) generating a spin
signal which varies over time as the projectile (5) rotates
sbout its axis in the earth's magnetic field; and wherein
the turns of the projectile (5) are counted by counting the
number of times said spin signal reaches its predetermined
threshold:

characterized in that

- prior to firing the projectile (5), the magnetic trans-
ducer means (20) receives setting paremeters from an inductive
transmitter (32);

- said magnetic trensducer means (20) senses the abrupt
magnetic field transition upan nuzzle exit, and the resulting
inductive signal 1s used as tha starting point for the count-
down to detonation;

- spin rate computation means (54) determine the spin rate
of the projectile (5) by caunting the number of turns where-

as a timer (44) determines the tinme for the projectile (5)

to rotste a3 predetermined numher of times; and

- muzzle velocity computing means (64) determire the actusl

muzzle velocity based an 2 barrel pitch constant of the firing
gun and the spin rate of the projectile.
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‘nunber of tines; and (c) “amuzzle velocity is calculated (64) based on -

a barrel_pitchiﬂ!“ﬂﬂﬂﬂ Hﬂ gun, and - the spin rate of the projectile.
-18- counting é um ”ﬁ ‘lthe projectile as it rotates around its

| ongi t udi nal axis. 28t Phesnestod of claim 27, wherein the step of counting
further includes generating a spin siggal which varies over tinme as the
projectile rotates about its axis in the earths magnetic field and where
the spin signal reaches a predeterm ned threshold a5 predeterm ned nunber

of times for each rotation of the projectile, whereby a rotation
2. The spparatus of cleim 1, characterized in that said

spin signsl is sinusoidel end the predeternined threshold
magnitdde is zero, and where the zero threshold is crossed
twice for each complete rotation of the projectile wherehy
each camplete rotation generates one wavelength of the sinus-
oidal spin signal. '

3. The apparatus of claim 1, characterized in that the
sald transducer means (20) comprises a magnet (26), a con-
ductive winding coil (22) and & core (24, 25) through which
the earth’s magnetic field generates a time varying signal
as the projectile (5) rotates.

4. The spparaotus of claim 1, cheracterized in thet ssid
transducer means (20) is inductively receiving a2 turas-toe
burst range paremeter prior to the projectile (5) exiting
the gun, wherein said psrameter is bassd in part on a nomi-
nal nuzzle velocity parameter, ond where the detonation
means (70) is activated when the counter (62) indicates
that the projecvile (5) has ratated a number of times equal
to the turns-to-burst range parameter,

5. The apparatus of claim 4, cheracterized by adjusting
tha turns-to-burst range perameter with the actusl muzzle
velocity calculated on the basis of a barrel pitch constent
of the gun and the spin rate of the projectile, and where
the detenation meana (70) detonatas the projectile (5) when
it has resched the adjusted turns-to-burst range psrameter,
whereby tha sccuracy of the detonation is {ncressed.

6. The spparatus of claeim 5, wherein a time interval range
perameter is received by said transduccr means (20) in addition

to the turns-to-burst renge paremeter, snd wherein the projectile
(5) vtilizes spin reta counting over a first predetermined pbrtion
of the projectile trajectory and the ticze interval Lased on tha
adjusted turns-to-burst range parameter over a second predeter-
mined porticn of the projectile trajectory.

.
7
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I's counted when the spin signal neans reaches its threshold the

predeterm ned nunber of times_ . e

T B

~-16-~

7. The zpparatus of claim 6, characterized in that the pro-
jectile (S5) utilizes the counter (62) for the first 1,000 meters
and ytilizes the time interval thereafter until projectile de-
tonation. '

8. The apparatus of claim 1, characterized in that after
determinetion of the actual muzzle velececity by said computing
means.(84) the turns count is adjusted, based in part on a
nominal assumed muzzle velocity for the differencs between
the nominal assumed muzzle velocity snd the actual muzzle
velocity.

9. The apparatus of claim 6, characterized by zn interval
timex (44) for storing the time interval rdnge parameter, and-
that said time interval range parameter is decremented to zero
whexeupon the detonation means (70) detonates the projectile (5).

10, The apparatus of claim 1, cheractexized by a power supply
{34) including a capacitor (36, 3B) operatively connected to
said transducer means (20), which capacitor is charged when

the projectile (5) receives a data carrying signal which is
used to provide power for the fuze after firing.,

11. The apparatus of claim 4, characterized by s proximity
sensor (72} for sensing ferrous objects 8 predetermined distance
from the projectile (5) operstively connected to the detcnation
means (70) for detonating the projectile (5) regardless of
whether the turns-to-burst count has heen reached.

12, The sppsrotus of claim 1, characterized by en impact

sensor (72) operatively connected ta the detonation means (70)
for detonating the projectile at impact with a tsrget regsrd-
less of whether the the turns-to-burst count has been reached.

13. The spparatus of clsim 12, characterized by delay means
operatively connected to said detcnation means (70) for deléy—
ing the detonation of the prujéctilc {S) for a predetermined
time period. '
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14, The apparatus of claim 12, characterized by ferrous de-
tection means incorporated’ in said impact sensor (72) for diffe-
rentiating between & target which is substantially ferrous and

a target which is substantially non-ferrcus, operstively con-
nected to said detonation means (70) wherein the projectile (5)
detonates on impact if a substantially ferrous target is de-
tected and detonates after a predetermined delay if a substan-
tially non-ferrous target is detected.

15. Method for determining the muzzle velocity of a projec-
tile (5), after firing the projectile from a gun, Wherein each
rotdticn of the projectile is counted as it rotates around its
longitudinal axis, cheracterized by the following steps:

(2) when counting each roteticn, a spin signal is genersted
which veries over time as the projectile rotates about its
longitudinal axis in the earth's magnetic field end whexre the
spin signal reaches & predstermined threshold a predetermiped
nupber of times for each rotaticn of the projectile, whereby

a rotation is counted when the spin signal reaches its threshuld
the predetermined number of times;

" (b) 3 spin rate of the projectile is calculated (54) by
timing the time for the projectile to rotate 3 predetermined
number of times: and
(c) 3 muzzle velocity is calculated (64) based on

- a barrel pitch econstant of the gun, and
- the spin rate of the projectile.




