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W 39OR T 1.IM

1. Full-scale trials of the operation of a m tic inf ueo. fuse mountod
in an A/S mortar have bon performed by the Canadians, with the support of
A.U.W.., using a submerged submarine target in Scottish waters.

2. H.k. S/M TAPIt, a submarine of 1300 tons displacement, was used as the
target in these trials. 'he submarine was kept fixed heading either south
or east at a nominal dtpth of 100 feet belo,, the surface, while the projee-
tile was dropped down a vertical tube placed at given positions at the side
of the submarine. rials were oanducted first with the submarine in its
natural stable Lnnetio condition an! then immediately after being wipea.

3. This report is a critical analysis of the trials, the obea13 of which
.tere to investibatu the anomaly field round the subiiarine rzd to determin
the position of iiring of the fuse with rspect to the submarine.

RESULTS

.. The results of the analysis shov that therc are a number of sourees of
orror in the ethod of recording the field anomaly round the submarine.

5. In spite of thuzc errors, th. results confirm that the field round the
submarin is in goo, -.groement .,ith theury in thE case of an untreated sub-
arine.

6. In the OeaseOo e the a.iped submarine, the complicated nature of bhe field
anomaly nade it virtually impossible to deduce the true field anomaly n the
presence of the various errors.

7. The firing of the fuze occurred at or near th, jxpected position on a
large proportion of the drops .while the limiting signal for firing appeared
to be about 10 milligauss.

X.COM. -l A1 T IONS

8. For any future trials tiat are considered desirable the results lead
to the following r oonmenr'at ions.

9. Methods of ascertaining the position of the tube -.ith respect to the
submarine must be improved.

10. Thu :tability of the recording equipment shoulC be increased to reduce
drift and it should b. fitted with variable sensitivity for recording large
fields.

1i. The equipment shoul. be calibrated immediately prior to a drop, i.e.
by the application of a imo-.n fiele.

12. The start o: a drop should be clearly indicated on the trace, which

could be done conveniently by mWtms of the same kno ,n field.

13. The finish of a drop should -aso be clearly indicated.



2.

t4* Aceuate measuremnt of heading and depth of the submarine shoUAd be
made at the time of a drop.

I
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INT-tODUCTIDN

15. Trials of a magnetic proximiuy fuze in an A/S projectile ,,ere conducted
during Auguz cad SepteLbcr of 1963 against a submarine target. The sub-
m=.ine endeavoured to keep a a fixed depth bole. the surface, while an A/S
projectile vias dropped do. n a vertical tube placted at various positions
round the subwarinj. A recorder ias us ,; to rocorc the magnetic field
anomaly a- the 3ubaarine anC the times of operation of the fuze. For the
first part of the trials thv submine ias in its natural stable magnetic
condition as measured over a aegau,3sing range before the trials started.
After this fLst part the submarine was checiec over the range and then
,;iped to give miniwui vertical field aa mee3ured over the range for the
second part o: the trial:, aftur ,.hich the submarint "i.az aain chvcked over
the range. For bota pares of the trials th . submarine ;,as first oriented
to heaa7 south ane then east.

It. The object ji the trialb .a. ,o investigat; the anomaly field of the
sub,.arine anl to &'t;crmine -he pisition of firing of th6 fuze with respect
to the submarine. A suprficial exa.:ination of the results indicated that
t.hc latoral rwiges for fuze operation appeared to be adequate on the port
si&e of the submauine on bo-h heading. .,,ith the submarine in its natural
sta.e, althoagh soi.e;hat less than, expectwd from the readings obtained over
the degaussing r&-nge, Furthermore it apper'ee that ranges on the starboard
siue, hicb were obtained only -hen the submarine .,as heacing east, were
considera'.ly lus., tha, expectee. The ranges for a .'iped submarine also
appeared to be less thn-t (xpected.

17. A more detailed examination of the trial results has been made as
described in this paper, ane it is concluded that tiere must have been con-
siderabl inaccuracies in the measuremcnt of the distance between the sub-
.iarinu ?n6 the drop Ding tube.

CALCULJ' 10N U_' TH ' FIE~LD 1,01,.ZY 12 t N UYRX_ , D SUB,%LR_11:

13. The field anomaly of Ln untreated suLarine can be calculated
approximately by assuming that the submarine can be represented as a
spheroid, the wagnetisation constants oi vdiich can be obtainec from D.G.
rcange records. The case oi a ;.ipe& suoarine has been treated in detail in
U.C. .'i. Informal Aeport No. 1649/5j and A. J. ..E. Technical rote 90/62.
for the purpose of this presunt analysis thu method. employed in these t.io
references have bken used to compute the required anomaly field round the
sub.narine in its nC;,.al condition, the vertical magnetisation constant
being deduced from h readings over the D.G. range and the horizontal con-
sta. ts being taken -s the same as in A.J..... Technical Note 90/62. In

this .1ay the f- 16 aiomaly 6o..n vertical tubes at the side of the submarine
in a field )f 500 millijauss (700 Dip) has been computed for the positions
illustrtd in Fi;uru I. Thc results are plotted in Figure 2 for a 1300
ton sub:ajin ; hcading south an; in Figure 3 for the same sub.arine heading
east. The coputations have been nadu io, position3 50 feet from the centre
line of the subma'The, but approxi-.ations for cl ser( ,istanccs can be
obtained by scaling &o:.n isotances proportionally and fieli in inverse pro-
portion to the square of the dis tance.

C~~hP~kIS2?~ U.:I*ASk I-CJLAZh.A iIL, SIGNALS

1?. ehen a comlparison io iad, beteez. thr: ."ur., and calculated field

curve x .. n untreated suhma 'ine it is foun(d: that agree -ent bet,,:een the



4.

two is fairly good for some ot the drops, but in general the agreement is
-auoh lower than expected. The form of the field curves, i.e. a largo
reduction in field at the side of the submarine and an increase above the
submarine, is as expected co!Sirming that the submarine is mainly vertically
magnetised. The main discrepancies lie in the magnitude of the reduction
and the distance over which the reduction exten6s. The measured field is
usually much less than rhe compute6 one by a ftctor of about 4 in a large
number of casas and as much as 15 at the most. Suggested reasons for these
discrepancies are discussed later in detail under separate headings.

20. The field. roun., c. .tiped submarine is much more complicatei and ;rill lie
soai.here between the t'..o cases considered in AU.,.E. Technical Note 90/62.
No atte.:pt has been madea in this report to compare theory with ,easurement
for a vipeE submarine, because this is d.fiicalt under ideal conditions and
is not considered poosibl. until the discrepancies in the untreated state
are cleared up.

DISCUSSIOL53 OF SOURCITM OF MUOR

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
much as a reduction of 4 to I in field, which is equivalnt to an increase
in distance of 2 to 1.

Fields from Other Sources

22. In order to check that the measured field arises only from the presence
of the submarine, measurements of field were made dovn the tube with the
submarine absent. Although . preliminary investigation indicated that the
tube -was magnetically clean, it was founC during the trials that signals
-4erL obtained aL the top oT the tube ,,hich were not consistent with the
presence of tie submarine. Jn invstigation of tneie signals, vich are
referred to as anomaly signals, was undertaken after the- mnin trials had
finished. For this purpose Ihe mainetic fiele do,,wn the tube Yas measured by
Mea.s of the fuze magnet.ometer and by a nuclear prece,;sion magn:-torauter.
Very good agreement between the two ,as obtained and the results for the
three relevant conditions arc plotted in Figure 4. These fitelds are obtained
by averaging the two magnekometur rtaaings, the difference between Nhich did
not exceed half a milligauss.

23. Errors from the presence of this anomaly arise because the fuze magneto-
ieter zero is difficult to ascertain when the equipment is set up in the
presence of the anomaly. Figure 5 is a typical record:ing of fielc against
d iitance dropped after subtraction of the high-frequency background noise
arising in th. recording equipment. Since the recorder really records fre-
quency agains6t time thc, trace bufore the projectile starts dropping checks
that the amplifier is not drifting. Again the trace after the 150-foot
depth, when the pro,:ect4le is pulled up, checks amplifier 6rift, movement of
submarinu and amplifie:: ov;rshoot. The dotted curve is the submarine signal
obtainer by jiibtractinL tlie anomaly. It h.ill be seen that the anomaly field
at the start is negligible in this cazs, being less t ian a 4iilligauss.
Figure 6, which sbos a small submarine signal nuar the stern, is a case
where the anomaly signal and subizarine signal are well separated. The
anomaly signal at the stax-t ol the drop is appreciable, but it is clearly
3ho,n an;. cczn be alloed for. In general very Ilttle difficulty arises from
the presence of the anomaly and errors from this source are negligible.
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SubarineSina1at Start of Drop

2 4. The length o' thi tube ;was a compromisc between the use of a long
tube to get e:v.yt from the submarine signal at the start of the drop and a
short tube to eastj the problem of knol.ing where the submarine is situated.
The choice of a 150 foot tube was to enable the submarine to operate at
a depth of 110 feet, wich was thL limit of the submarine's accurate depth
indicator. Under these conditions the submarine signal will not produce
appreciable errors, because even at the limit of fuze operation Errors in
estimating the submarine signal cannot be greater than 4 milligauss in
10 milligauss.

Eient Drift

25. Exa,ination of the results shows that the field trace can drift when
the projectile is .c ationary. &he cause of this drift could be movement of
the submarine i.ith rspoct to the projectile, drift of the fuze amplifier
output or drift or the baQking off voltage used in the recording circuitry.
koveaint of th, subuarino is estimated to produce too snall a drift and the
fuze circuiti-y is well stabilised, so that the :aost likely cause is drift
of the backinG off voltc.e.

26. Figure 7 illus6raes a drop during which the drift was particularly
bad. The fiulL zero at the start of tfae run is obtained by subtracting the
knoz± anomaly field anc' ti-e Estiugated subaarine fielr . If the amplifier
thtn continuus to drift at th 3amu rate, the zero line will be approxi-
mately parallel to th, r ocorcing trace before the run starcd, while ii the
amplifier stopL:e drifting the zero line would be horizontal. These two
lines are sho,;n in Figure 7, from which it will be seen that the maxilum
submarint signal is either 22 or 15 willigass depending on w.ich zero is
taken. On most of the traces the Orift appears to be considerably less
than this, so ti~a' an error of 7 nilligauss is likely to be the maximum
obtained during the trials.

.Mlan ;tometer Sensi Vit

27. Thu fuze rinoue aute. and auxili-,,y equipment used for muasuring fLld
was not calibrated imedi 'ely prior o Lhe 6rp unr correct battery and
tei:.p-rature conditions, so th~at therv Aill be errors from this source in
estimating maxiui i sub uarine signals. Ho,,cver, when the projectile passed
the tube anoraly a,; th,. sta 't of its drop, the sensitivity of the equipment
,ias inadvertently checked.

2-.. Lxua:ination o± thc r~cordings she, s that tL. man vnlu, of the ratio
of s sitivity by anomly to 6bnsitivity by calibration is 0.93 waith a
stan7rd deviation of 0.16.

29. It is v.1 ir1pr.a, th-i-t the sub..rina co~id chang;e its magnetism
in its ouable conui,;iorn, btcwusu it ;,as chucka.cO *u before and after the
trial. Furt-e-1oore iG is .Jil -staulisz!ed thIa the vertical magnetisation
of a vessal is lartc. in these latitudu; and is predictable from the oimen-
sions of the vossel. 2h. 6iffui'e ic betvuen a perfect llipioid, assumed
for Figur. 2 and 3, and .hc 'cual subi.Ainc ar allustruteC in Figure 8.
It will be see: t.vat th dii'fercnc, is not largc under the submarine and
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cannot, therefore, be large at the side. Neglecting the ends of the sub-
marine 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 oE error. The depth of the submarine, as measured
by its oz:n depth indicator, was checked by virtually suspending it from the
surface on floating dasa. The orientation of the submarine in the earth's
field was kept fixed and checked by observation of the magnetic compass.
The distance of thu submarine from the tube was kept at its required value
by keeping a fixed length of w ire joining the two taut and at right angles
to the submarine. There was no direct check on the correct operation of
the fixed line. 'When the submerine is in its stable magnetic condition,
its fiele. 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.

31. In order to check the position of the submarine with respect to the
tube the magnetic signal signature town the tube can be used to estimate
both the depth of the submarine an its distance away, assuming that it is
uniformly magnetised in its stable condition. The method employed is to
note the maximum reading of the anomaly and then to ascertain the positions
down the tube at which the field falls to half this maximum. The distance
between these two positions is approximately the distance away of the sub-
marine. A better estimate is obtained by using a correction factor depend-
ing on the orientation of the submarine. For south headings theory shows
that the correction factor is not necessary, while for east headings the
distance between half signals should be multiplied by 1.25 to give the dis-
tance bet.een the centre line of the submarine and the tube. The position
of maximw signal gives the depth of the submarine if the signature is
symmetric about its maximum, vihile corrections have to be applied if not
symmetric depending on the degree of asymmetry. Another method of estimat-
ing distance is to obtain it direct from the amplitude of the anomaly,
wiich is kno-;n theoretically round the subrarine at various distwces from
it.

32. These magnetic methods of stimating depths and distances have been
applied to all reliable signatures with the submarine in its stable con-
dition, except those near the bo, or stea, and the results of this analysis
are given in Table 1.

33. An e::amination of Table I shovs that there is good agreement between
the nominl depth of th. eubiarine and that estimated from the field
anomaly, the average difference being of the order of 8 feet.

34. With regare to distanc. tliere is good agreeaent betweern all three
methoCs over a fair proportion of the runs, especially those on the port
side, soving that the fixed line operated satisfactorily on those runs.
Ho-,ever on the otheA, runs, espocially those on the starboard side, theie is
considerable discrepancy between tht nominal distances and those estiated by
magnetic uethods, which compare well between themselves. There is therefore
considerable doubt on the satisfactory operation of' the fied line, which *ias
checked by pulling up tight on a runring line until a stop was reached. It
w.ould seem from these results that for some of the runs the l4ne operated
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satisfactorily, but that the stop could not have been reached on the
starboard side and possibly a fea times on the port side. This may be due
to some ti&al conditions or to some difference in the tackle on the
s t.rboard side.

35. In viev of the clost agreement betwJeen the t,.o magnesic methods of
estimating distanc 2 it is considered that a reliable estimate of distance
is obtained by taking the average of these two.

POSITION JF FUZE OARATION

36. The fuze was designed to operate on a two-look principle, the first
look occurring -,hen th, f iele reached a given value and the second look
•,ihen the field had fJ.ilen by the same given amount from a maximuia value.
Thi., methoc oxi ' o:)tration ensure& that the second look, ;,hich fired the
fuze, occurred close to the position of nearest approach.

37. A study of thQ fieiC traces shoued that in genoral the fuze operated
satisfactorily -ohen subjected to the correct field changes. The appropri-
ate look operated .hen the field reached a value betaeen 5 and 10 uilligauss,
the higher values tending to occur ahn tha field changes were slow. Since
slas.'i changes arc ns.ociateC with extreme r,nnges, the limit of operation of
the f-uze iz governed by a sensitivity of r-bout 10 milligauss. iThile the
actual Paze operateC as designed it 6id not ,lc ays give ' !econd look at
the correct place, because it sometimes had a first look at the anomaly.
There were also a fe, cased ;hen a look 6i6 not apYia to occur when it
should have occurred, but these cases ,Yere rare and could be explained by
the recording ecquipment failing to give n indicntion of a look on the
tr.ce, .,hich '.is very ,esJ, in its indication.

38. The loci of the firing positions o) an untra:ted subm'rine have been
deduced, froia the theoretical curvcs of Fiures 1 and 2, and are given in
Figures 9 ani 10. Tile i .as found impossible to vrify these loci
6ir;ctly, because of the inaccuracies of dist.-nce measuruments, there is
no evidence to shoi, that there ;,ere any serious deviations from the
theoretical loci.

39. The general conclusion from the trij.is is that, i;ile there are a
number of sources ef rr3r, particularly in distance iacasuramen s, the
fuzes operat,d satisf ctorily ;.ith a sensitivity of about 10 milligauss.
There is also strong evideycr from th field curvus to confirm that the
firing of thj fue ,..)uIl ocur closU to th. theoretical position.

40. Assuiaing thj ihoret ce] value anc an e:plosiv &'xnaee radius of
projection at 40 feet tu the hull, it is eztiwarateX that 900 of projectiles
falling -within a latera range oi* 40 feet ,ill fire i;ithin the daisage range.
laterra rtai-J for vari;,s cxplosive eage radii has been estimated and the

results -rc plottd, in Figure 11.

41. In preinina'ry a V:.'.pts to compare tht; measurcemcnt of field -ith
theory h result", pre >entd in th,. form of contours in planer section
through the hull, so thit a dir ct comparison v'ith thu type of presentation
Liven in A.U.7,.1',. Tech-cal Note. 90/62 could b,- inace. Assumin, that



8. S3B..T

distance measurements were correct the contours on a large umber of trials
did not make much sense. After allowing for distance errors by using mag-
netio methods of measuring distance, the contours became closer to the
theoretical ones for an untreated submarine. There remained, however, a
number of drops which could not be reconciled with theory assuming that the
drops all occurred in one plane, and these were referred to as a "pinch"
effect. 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 occurred 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 curve 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.

1. Wood, J. e. Magnetic Field Calculations for an Anti-Submarine Proximity
Fuze. A.U.F.E. Technicn! Note 90/62. August, i962. (SECRET-DIScRIET).

2. Abbott, D. A. Estimated Magnetic Field and Field Derivative Signaturesfor a Coastal Type Submarine, U.C.W.E. Informal Report No. 1649/55.
(SECRET-DIS CREFIT).
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DISTANCES ABJ O0ITRE HA1l0A1 QrMM
LINE OF SUBMARINE L .. .. .. ...

RUN NO. 20 22 24 26 27 28 8 9 16

NOINAL DIST.VCE 23 25 35 40 40 40 38 38 k3
DISTANCE FRM SHAPE j6 38 30 49 43 52 38 53 48

HEADING SOUTH DISTANCE l4f0i.1 AMP. 30 29 36 40 48 42 32 32 56
FORtT C C C

N'O]IKAL DEPTH 110 110 110 110 110 110 110 110 110
DEPTH FROM CURVE 115 113 114 113 120 116 102 117 120

RUN NO. 124 125 126 127 12;3 118 119 120 1

NOMINAL DISTANC 15 15 25 25 35 28 38 38
DISTANCE YROA SHAPE 34 31 49 55 51 32 46 41

PODJ DISTANCE FROk ALP. 30 30 40 43 45 32 43 39
POPC C

jOMIN.L DEPI'T-I 110 110 110 110 110 110 110 1
DEPTH PRO CURVE i00 I00 98 I00 96 100 107 102 1

RU NO. 57 58 59 60 61 62 63 64 65

NOMIAL DISTANCE 25 25 35 35 40 40 18 18 28
HEADING EAST DISTANCE FROM SHAPE 67 57 87 80 66 72 74
STARBOARD DISTANCE FR0K AMP. 48 49 50 51 62 70 61 69 74

NOINAL DEPTH 110 110 110 110 110 110 110 110 110
DEPTH FROM CURVF 128 120 120 115 120 117 125

C SIG3LS CLIPPED

1S!
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3 1: ISI X ITNUADD M (

HALFRAY TO STERNM AM T D

22 24 26 27 28 8 9 16 32

25 35 40 40 1+0 38 38 43 25
38 30 49 43 52 38 53 48 50
29 36 40 48 42 32 32 56 60c - - - - I C

110 110 110 110 110 110 110 110 110
113 114 113 120 116 102 117 120 95

125 126 127 12' 118 119 120 121 122 123 109 110 111 112 113 11+

15 25 25 35 28 38 38 38 43 43 25 25 35 35 40 40
31 9 55 51 32 46 4-1 39 45 +1 35 37 46 51 70 61
30 40 43 45 32 43 39 34 43 3" 31 29 44 47 55 60cIC

110 110 110 110 110 110 110 110 110 110 110 110 110 110 110 110
100 98 100 96 100 107 102 102 104 102 105 107 100 96' 102 102

58 59 60 61 62 63 64 65 71 74 76

25 35 35 40 0 18 18 28 15 15 25
57 87 80 66 72 74 51 57 65
49 50 5/ 62 70 61 69 74 48 58 48

110 110 110 110 110 110 110 110 110 110 1.10
120 120 115 120 117 125 124 126 120

2i
SZCRRT
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STERN CENTRE s
S~ ZCS C CS

FIG.I. DROP POSITIONS FOR THEORETICAL CURVES.

45c

0

E

in HEIGHT ABOVE LEVEL OF SUMOONE)T

- (REVERSE SIGN OF HEIGHT FOR BOW DROPS)

0z
* FIG.2.THEORETICAL FIELD SIGNALS AT SO FEET ON EITHER SIDE

OF SU1GMARINE HEADING soumH(7dDip)
i
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HEIGHT ABOVE LEVEL OF SUSMRIEFT.
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FIG 4. MEASURED VALUES OF ANOMALY FIELD.
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