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1. RMll-scale trials of the operation of a magnetic influsnce fuse mounted
in an 4/S mortar have bcen performed by the Canadiens, with the support of
A UVW,BE,, using a submerged submarine target in S8cottish waters.

2, H.N. 8/M TAPIH, 2 submarine of 1300 tons displacement, was used as the
target in these trisls. The submarine vias kept fixed heading either south

or ¢ast at a nominel depth of 100 feet below the surfice, while the projeo~- .

tile was dropped down a verticel tube placed et given positions at the side
of the submarine, rials were oonducted first with the submarine in its
netural stable mngnetioc condition and then inmediately after being wiped.

3. This report is 2 criticel analysis of the trinls, the objeeis of which
were to investigatc the anomaly field round the sub.uerine =nd to determine
the position of riring of the fuse with rispect to the submarins.

RESULTS

4o The results oi' the cnalysis shox that therc are a number of sourees of
orror in the netiod of recording the ficld anomaly round the submarine,

5« In spite of tiiesc errors, the results conflrm that the field round the
submarin. is in goo! cgreement .iith theury in thc case of an untreated sub-
narine,

6. In the cose oi the wiped submarine, the complicated nature of the fleld
anonaly nade it virtually inpossible to deduce the true field anomaly in the
presence of the verious errors,
7+ The firing of the fuze occurrec at or near th. cxpected position on a
large proportion of the drops while the limiting signal for firing appesred
to be about 10 nilligauss. :

RCOM., - "DATIONS

8. For any future trials tihat ere considered desirable the resulis lead
to the following r:commendntions.

9, lMetuods of ascertaining the position of the tube .ith respect to the
subnarine must be improved.

10, The stability of the recording equipment should be increased to reduce
drift and it shoulé b- fitted with variable sensitivity for recording lerge
ficlas.

11, The ecuipment should be calibrated immediately prior to a drop, i.e.
by the cpplication of a known rielc.

12. The start o:r a drop should be clearly indicated on the traoce, which
could be done conveniently by means of the sane known field.

13. The finish of o drop should nlso be clecrly indicated.
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2.

14. Acocurate measurement of heading and depth of the submarine should be
made at the time of a drop.

|
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15, Trials of & megnetic proxiuicy fuze in an 4/S projectile were conducted
during Augus: and Septeber of 1963 against a submarine target. The sub-
merine endeavoured to keep ai a rixed depth belo. the surface, while an 4/
projectile vies dropped do.n a vertical tube placec at various positions
round the subuwarinc. A recorder w~as us¢c to rccorc the magnetic field
anomaly o. the submorine an¢ the times of operation of the fuze. For the
first part of the trials the subwarine .as in its natural stable magnetio
condition as msasured over a aegaussing range before the triels started.
After this first pert the submarine was checkec over the range and tuen
uiped to give winisw: vertical field as meesured over the range for the
seoonG part o: the trial:, after which the subuwarin. wa:c again checked over
the range. For bota pares of the trials the submarine was first oriented
to head south anc then east,

1ees The object or the trials .au ©o investigaic the anomaly field of the
subiarine an’. to duuvcimine tvhe position oi firing of the fuze with respect
to the submarine. = superficizl exa.ination of the results indiceted that
the lateral ranges for fuze operation appeared to be adequete on the port
sity of the submu.cine on bouh heading: .ith the submarine in its natural
stele, although souevhat less thaa expected fror the readings obtained over
the degeussing range. Furthermore it appecced that rang.s on the starboard

:

siue, which viere ~btained only .hen the submarins .as heacing esast, were 3
considerarly lus. tha expccted. “he rangea for a ~siped submarine also i
appeared to bu less thai expected. i
;

17. A uors detailud examination of the trial results nas been made as %
described in this paper, aac it is concluced that tiere must have been con- i
sidersbl. inaccuracies in the measurecment of the distance tetween the sub- ¢
iarinc ané the dropping tube, %
4

¥

CALCUL.:TION 0. TH ' FIFLD_:NOMALY 02 N UN:R.sToh SUBI/RIE 3

13, The field anomaly oi on unireoted subwarine can be caleulated %
approxinately by assuming that the submarine can be represented as a E

spheroid, the magnctisation constants or which can be ovtainec from D.G.
ange recorGs. [he case of a wiped submarine has been treated in detail in
U.Coiisizo Informal Report Noe 1649/55 and A.d,..E. Technical lNote 30/62.
For the purpose of tiiis present analysis the methods euwployed in these tio
rcefercences have been used to compute the recuired anomaly fiell round the
sub.sarine in its nosural condition, the vertical magnetisation constant
being deduced from she readings over the D.G. range and the horizontal con-
sta ts being taken os the saze as in A.J...d. Technical Yote 90/¢2. 1In
this vay the £ 1¢ nnomely cow.n yertical tubes at the side of the submarine
in a ficlé of 500 millisauss (700 Dip) has beun computed for the positions
illustrated in Figurce 1. Lac results are plotted in Figure 2 for a 1300
ton subuasrine heading south and in Figure 3 for the saac subuarine heading
east. The coupubavions huve been .2ade fo. positions 50 feet froa the centre
line of the suwbuarine, but approximetions for closer aistances can be
obtained by scaeling dosn .istances proportionally and fielc¢ in inverse pro-
portion to the square of the disteance.
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17, ‘when a couparison is wade bet.ecern the recsurec and calculated field
curves o. 2n untreatsd submecine it is founé that egrecuent betwsen the

:
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two 1s fairly good for some or the drops, but in gencral the agreement is
auch lower than expected, The form of the field curves, l.e. & large
reduction in field at the side of the submarinc and an increase above the
subnerine, is as expected confirming that the submarine is mainly vertiocally
magnetiscds The rain discrepancies lie in the magnitude of the reduction
and the distance over which the reduction extenis., The measured ficld is
usually much less than che computedé one by & fuctor of gbout 4 in o large
number of casc3 ani as much as 15 at the wost. Suggested reasons for these
discrepancies are discussed later in detail under separate headings.

20. The field rounc o wiped submarine is much more complicatc( and will lie
somcvhere betueen the tuo cases considerec in 4.U....E. Technical Note 90/62,
Yo atte.upt has dbeen nede in this report to compare theory with weasurement
for a wiped submarinc, because this 1. difricult uncer ideal conditions and
is not considered possibl: until the cGiscrepancies in the untrected state

are clezred up.

DISCUSSIONS UF SOURCES OF iRAOR

-

21, The various likely sources of error are considered individually bearing
in mind that the magnitude of' the error in a number of cases amounts to as
nuch as a reduction of 4 to 1 in field, which is equivalant to an increase
in distance of 2 to 1.

Flelés from Other Sources

22, In order to check that the measured field arises only frou the presence
of the submearine, measurements of ficld were made down the tube with the
subnarine sbsent., Although o preliminary investigation indicated that the
tube was magnetically clean, it was founc during the trials that signals
vere obtained at the btop of the tube vhich vers not consistent with the
presence of the subaarine, An investigation of tnese signals, wiich are
reforred to as anomaly signals, was undertaken after the main trials had
finished, For this purpose ihe magnetic fielc down the tube was measured by
meass off the fuze magnesometer and by 2 nuclear precessisn mzgnetometer.
Very good agreement betvween tle two .as obtalned and the results for the
itinrec relevant conditions arc plotted in Figure 4. These fields are obtained
by averaging the tvo megnetometer readings, the difference between which did
not exceed half & milligaouus,

23, Errors from the presence of' this anomely erise because the if'uze magneto-
ueter zero is difficult to ascertain wiien the equipment is set up in the
presence of the anomaly. Figure 5 is a typical recorcing of fielc against
diotence dropped after subtraction of the high-frequency backgrounc noise
arising in thu recording equipmente. Since the recorder really records fre-
quency agaeinst tvime the ftrace bufore the projectile staris dropping checks
that the emplificr is not drifting. Agein the trace after the 150-foot
depth, when th: pro;ectile is pulled up, checks amplifier drift, movement of
submarine an{ amplific.: overshoute The dotted curve is the submerine signal
obtainec by subtracting the anomaly. It will be seen that the anomaly field
at the start is negligible in this casc, being less tuan a ailligauss.
Figure 6, which shows a smell submarinc signal ncar the stern, is a case
vhere the anonaly signal and subumarine signal are well separateds The
anonely signal at the start o1 the drop is appreciable, but 1t is clearly
shovwn ané cen be allowed for. In general very little difficulty erises from
the presence of the snomaly and errors from this source are negligible.

B Y A
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Submarine Sigmal at Start of Drop

2k, The length or the tube wes a compromisc between the use of a long
tube to get evny from the submurine signol at the start of the drop and a
shori tube to ¢asv tie problem of kno.ing where the submarine is situated.
The choice of a 150 foolt tube was to enalle the subnarine to operate at

& depth of 110 fset, wiich was tne limit of the submarine's accurate depth
indicator. Under these conéitions the submarine signal will not produce
uppreciable errors, vecause even at the limit of fuze operation crrors in
estimaving the submarine signal camnnot be greater than 4 millizauss in

10 milligauss,

 Equipuent Drift

25, Exa.ination of the results shows that the field trace can érift vhen
the projectile is ocationcrye. the cause ot this drift could be wovement of
the submerine with reospect to the projectile, érift of the fuze amplifier
output or drift ot the baciing ofT voltage used in the rscording circuitry.
Moveusnt of th. subuarin. is sstimated to produce too small a drift and the
fuze circuitry is well stebilised, so that the most lilely cause is darif't
of' the backing orff' volteie.

26, Figure 7 illuscrases a droy during vhich the drift was perticularly
bad. The ficld zero at the start of tue run is obtained by subtracting the
knovi anowmaly fisld and tie estiusted subusarine tield, If the amplifier
then econtinues to Crift et the same rate, the zero line will be approxi-
mately parallel to the rocorcing trace before the run staricd, while if the
amplifier stopped drifting the zero line would be horizontel. These two
lines arc shoin in Figure 7, from sthich it will be seen that the maximum
subuarine signal is eithcer 22 or 15 wuilligauss depending on wiich zero is
takens On most of thre traces the drift appenrs to be conslderasbly less
than this, so tuLat an error of 7 milligauss is likely to be the maximum
obtzined during the trizls.

Magnetometer Sensisivity

27. The fuze nmagne wwmeter and auxilicry equipment used for measuring ficld
was not calibrated immedi-tely prior to bthe drop unfer corr:cct battery and
teup.rature conditions, so that there 4ill be errors from this sourcc in
¢stinating maximus subiarine signals. Ho..ver, when the projectile passed
the tube znomaly ey the start of its drop, the sensitivity of the equipment
wes inadvertently checked.

2c. Dxainination or thc recordings sho.s that th. mcan valus of the ratio
of scisitivity by anomsly to sensivivity by czlibration is 0.93 with a
standard devizeion of 0,16,

Magnetiscclon of the Subrerine

29, It is vory inprobable toot the sub.erine could chunge its magnetism
in its sivable comviiion, becauss 1i was chucwsy vuth before and after the
trial. Furi.eiuwore ic¢ 1s .oll cstablizhed toac the vertieal magnetisation
of a vesssl is ler,¢ in these lotitudces and is predictable from the ¢imen=-
siins of the vessels uh. dirfuve ice bebeeen a porfect <1llipsoid, assumed
for Figure 2 aud 3, and i aciual subus.dine are zllustrated in Figure 3.
It vill be seern tuat th: ¢irference is not large under the submarine and

3 e A er B RS e i
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cannot, thorefore, be large at the side. Negleoting the ends of the sub-
parine the maximum difference between theory and practice will not exceed
25% of thu theoretical value.

Position of the Submarine

30, 'The position of the submarine with respect to the tube appears to be
the most likely source of' error. The depth of the submarine, as measured
by its ovm depth indicator, was checked by virtually suspending it from the
surface on floating dans. <The orientation of the submarine in the earth's
field was kept fixed and checked by obsecrvation of the magnetic ‘sompass.
The distance of the submarine from the tube was kept at its required value
by keeping a fixed length of wire joining the two taut and ai right angles
to the submarine. There was no direct check on the corrcet opsration of
the fixed line, Wwhen the submerine is in its stable magnetic condition,
ite field is practically independent of orientation and fairly uniformly
distributed along its length if not too near the end; thus the only import-
ant source of field errors is error in distance from the submarine.

3. In order to check the position of the submarine with respect to the
tube the magnetic signal signature Aown the tube can be used to estimate
both the dcpth of the submarine and its distance away, assuming that it is
uniformly magnetised in its stable condition. The method employed is to
note the maximum reading of the anomcly and then to ascertain the positions
down the tube at wiich the ficléd falls to half this meximum. The distance
betwecen these two positions is approximately the cistance away of the sub-
marine. A better estimate is obtainecd by using a correction factor depend-
ing on the orientation of the submarine. Por south hcadings theory shows
that the correction factor is not necessary, vwhile for east headings the
distance betieen half signals should be multiplied by 1.25 to give the dis-
tance between the centre line of the submarine and the tube. ‘‘he position
of maximun signal gives the depth of the submarine if the signature is
symmetric about its maximum, while corrections have to be applied if not
symnetric depending on the degree of asymmetry. Another method of estimat-
ing distance is to obtain it direct frow the ampliiude of the anomaly,
which is known theoretically round the submarine at various distances from
it.

32. These magnetic methods of ustimating depths and distances have becn
applied to all reliable signatures with the submarine in its stable con-
dition, except tliose necar the bo. or stca, and the results of this analysis
are given in Table 1.

33. An examination of Table 1 shows tuat there is good agreement vetween
the nominel depth of the subaarine and that estimated from the ficld
anomaly, the average diffcrence being of the order of & feet,

3he With regarce to distances itueres is good agreenent bevween all three
metiods over a fair proportion of the runs, especially those on the port
side, showing that the fixed line operated satisfactorily on those runs.
However on the other runs, especially those on the starboard side, there is
considerable discrepancy between the nominal distances and those estiaated by
megnetic ucthods, wnich compare well betwesn themselves, There is therefors
considerable doubt on the satis{actory operation of the fixed line, which was
checked by pulling up tight on a runring line until a stop was reached. It
would seem from these results that for some of the runs the line opurated

L e R
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satisfactorily, but that the stop could not have besn reached on the
starboard side ond possibly a few times or the port side, This may be due
to some tidal conditions or to somc difference in the tackle on the
st.rboard side,

35. In view of the close agreement between the t.0 magnetic methods of
estimating distancc: it is consicered thaet a reliable estimate of distance
is obtained by taking the average of these tuwo,

FOSITION, JF FUzE OERATION

36. The fuze was designed to operate on & two-look principle, the first
look osourring ~hen tho 1'ielé reached a given value and the second look
when the ficlc had fellen oy the same given amount from o maximwa value,
This uwethoc o operation ensurca that the sccond look, which fired the
fuze, occurred close to the position of nearzst approache

37« A study of the field truces showed that in gencral the fuze operated
satisfactorily when subjceted to the correct field changes. The appropri-
ate look opersted .hen the field reached a value bet.een 5 and 10 nilligeuss,
the higher values tending to occur when ths field changes were slow. Sinoce
slowv changes arc rcssoclatel with extreme ranges, the limit of operation of
the fuze ic governcé by a sensitivity of nbout 10 milligauss. Vhile the
actual ruze operatel as Jesigned it ¢i¢ not aluays give n cecond look at
the correct place, becausc it sometimes had a first look at the anomaly.
There were also a fev cases when a look ¢id not epp.ar to occur when it
should have occurred, but thes: cases were rarc znf could be exzplainesd by
the recording ecquigment tailing to give an indicotion orf a look on the
tr-ce, which was very weol in its indication,

38, The loci of the firing positions o. an untrected subm~rine have been
deduced, froa the theooretical curves of Figures 1 and 2, and arce given in
Figures 9 and 10. %hile it .as round impossible to verify these loci
¢ircetly, bucause or the inaceccurucies or' distrnce meesurcments, there is
ne evidence to show that there were any serious devietions from the
theoretical loci,

39 The gencral conclusion from the triuls is that, .wiile there are a
number of sources of «rror, particularly in distance ucasurcments, the
Tuzes operatud sabisfrctorily with a sensitivity or about 10 milligauss.
Thers is also strong evidernce from the fileld curves to confirm that the
firing of thu fuse woulc cecur clase to the theoretical position.

L0, Assuwing the theoretc«l values one an suplosive ¢aasge radius of
projection of 40 Teut tu the hull, it is ectiuwetcd tuat 903 of projectiles
falling wibtnin &« lateral range ol 4O fect will fire within the damage range.
This is cquivalent to an eft'ectaive lateral range oo 35 feet, The effective
latersl range for various explosive ¢éasage radii has been ostimated and the :
results are plottea in Figure 11,

4. In prelinivary attenpts to compare thy measurcment of field with
theory the results weres protentedé in the form of contours in planer section
through the hull, so that 2 dir.ct comparicon vith tho type of presentation
civen in A U,N,E. Techuical Note 90/62 could be made. Assuming that
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distance measurements were correct the contours on a large number of trials
did not make much sense., After allowing for distance errors by using mag-
netic methods of measuring distance, the contours became closer to the

_ theoretical ones for an untreated submarine. There romained, however, a
number of drops which could not be reconciled with theory assuming that the
drops all ocourred in one plane, and these were referred to as a "pinch"
effeoct. The main discrepancy was that they appeared to come from a smaller
object than expected in the particular plane. A likely explanation is that
on the drops where the effect is pronounced the drop actually ocourred some
distance from the assumed plane of measurement, probably nearer to the end
of the submarine where the section is smaller, This is confirmed in some
cases by the fact that the shape of the ocurve on these drops on a southerly
heading correspond more to that expected near the ends, i.e, they depart
more from symmetry about the centre line of the submarine,
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DISTANCES ARE #ROM CENTRE NNy
LINE OF SUBMARINE HALFWAY TO sw ) CENTR
RUN NO. 20 22 24, 26 27 28 8 9 16
NOMINAL DIS:ANCE 2% §g 3% 40 40 40 332 38 &3
DISTANCE FROM SHAPE 3 30 49 43 52 53 48
HEADING SOUTH | pyanance 1RO AMP. 30 20 36 L0 4B 42 2 32 56
PORT c ¢ c
NOMINAL DEPTH 110 110 140 110 110 110 110 110 110
DEPIH FROM CURVE 115 113 1414 113 120 116 102 117 120
RUN NO. 124, 125 126 127 123 118 119 120 1
".r-.f........-w. v Sty Sneve T+ v v e e
NOMINAL DISTANCE 15 45 25 25 35 28 38 38
ATy a DISUANCE ¥ROM SHAPE B 3N 49 5 A 32 4 M
FEADTRS ast DISIANCE FROM ALP, 30 30 4 4 L5 32 45 39
c C
MOMINAL DEPTH 110 110 410 110 110 110 110 110 1
DEPTH FRO!: CURVE 100 100 98 100 96 100 107 102 14
RUM NO. 57 58 59 60 61 62 63 64 65
NOMINAL DISTANCE 25 25 35 35 L0 40 18 18 28
HEADING EAST DISIANCE FROM SHAFE 67 57 87 80 66 72 N
STARBOARD DISTANCE FROM AMP, B8 49 50 5/ 62 70 61 69 74
NOMINAL DEPTH 110 140 410 110 110 110 110 110 110
DEPTH FROM CURVL 128 120 120 115 120 117 125

C SIGNALS CLIPPED
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SECHET

E_1: BSTIMATED DISTANCES AND DRPTHS (FEET)

HALFWIAY TO STERN CENTRE HALFWAY TO BOW

22 24, 26 27 28 8 9 16 32

TN WA WGP O VTSR e e PW S Ll & J mwo:1 T » - oamy &
25 3% W L 40 38 38 &3 25

38 30 49 43 52 38 53 48 50

29 36 L0 A48 42 32 32 56 60

c c

110 110 140 110 110 110 110 110 110

143 114 113 120 116 102 117 120 95

125 126 127 125 118 119 120 121 122 123 109 110 441 112 »113 114
15 256 25 35 28 38 38 3B 43 43 25 25 35 3% L L0
M L 55 51 32 46 M 39 4 I 3% 37 L6 51 70 6
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