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2.0

ELECTROMAGKETIC PROXIMITY TU4LE FJIR MORTAR SHFRLL

tas drewings aund descriviicns of the
VT-fuze for the &1 mm shell M43, as compleie as has heen pessiile

up to the end of the deweloprent periad.

- S o —— Y i x 5 o 2 o 43 R -
Firstly, some theoretical ano tectical sspeckbs are coni-

sidercé. The oxterior-trallics ¢ jcal and the ter-
mipel-baliistic data of the YT-fuzed sheil are rriefliy descritea
concluéing with the preferred sensitivity setting of e VI-fuze for

0

i

this projectile. Second
t

production is descrited. Yurther, a short chapter is c¢evoted %o
the different test specifications applicstle to this fuae, while
a more extensive chapter deals with the esctual rnroving pround
test resuits. Lostly, in the conclusion, results of opcrationai
analysis are taken into sccount, concluaing with sore asvects on
quantity production of this fuze model in Norway.

As will he known, work on this project started in late
1953, and tecame eccelerated from May 194 yhen the MWP contreact
was signed. The original finsl date of the project wes stipulated
to June 30th 19%, tut was postponed until Decemter 31st 15%6.
The personacl engaged in this program has comprised three or four
graduated engineers during the wvhole period, and four techniciens
most of the time. In eddition comcs tne group:s shere in the
general speciel sdvisors from other tranches within the NDFE.

HFEORETICAL Al TAGTICAL COASIDERATIOLS

T e L R b AT -

This chapter commences with a comperison tetween PD--
fuzed apd VT-fuzed shells as to exterior rellistics. As a
starting pcint, only the &1 mm mortar projectile M43 is dealt
with, and the shape and weight of the VT-fuze is considered known.

‘Later on, the different points of interest in the VT-fuze are

briefly descrited, meking it possible to ohtain the theorctical
data necessary for determining the test tactical epplications of
the projectiles, snd for determination of the optimum sensitivity
setting of this fuze.
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sxterige-hallistic deta for 8% mm shell M4}

We will consider the firing telles for this projectine,

i the first cecse equipned with super-quick impsel fuze (Ph-fuze]

in the second case eguipped with preximity-fuze (VT-furme],
=

When dealing with the VI-fuze, we will assume thst the fvaze
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a consequence of this feet 03

miniaturizaticn, it would te nccessary to have a COHSLEC?&le
greater volume in the VI-fuzse. With our existing techrneologicsl
means, it was thought ne: esnary to use a cylindricel fvze with &

total velume of arcut 175 cm” Due to various expszriments or
flight stability; we also found it necessary o inerease the weight
of the VT-fuze unit to 550 grams as compared with 250 grams for tne

PL-unit., In the phctographs, irgure 2,11, the fuzed projectiles

in these two csses arec shown.
PL~fuzed projectile

In FT 81 Dn3(1) is given the firing tatrle for the uri

F

gi
nally PD-fuzed M43 projectile., The total weight of the fuzed pro-

jectile is €,87 1ts, or 3,12 kgs. As will Pe known, there are 7
different charges on this projectile, ranging from charge 0 (no
charge increments) to chsrge ¢ (£ cherge ircrements). When using
the trench mortar 3" Mk. 1A2, charges 5 and ¢ are not sunposed to
te used, giving the weapon a-useful firing range between 200 and

2300 metres. The firing tatle is shown gratvhically in figure 2.i7

¥
[

the solid lincs indicsting PL--fuzed projectile.

UCI

VI-fuzed projectile

Range and flight time datve for the Norwegisn wodel cf

VT-fuzeda M43 have teen collected from a total of approximetely %50

rounas fired on aifferent proving groundc. From these cata; and

the Otto-Lardillon's tables of flight, the test fitting dreg
coefficient has Yreen calculated, glving
¢ = 4.6 » ‘O""br m

As a comparison, the drag ccefficient with PL-fuzed M43 projec-
tiles 1lies between 1,5 and 2 « 107+

ana far more clumsy shape of the VI-fuze deoes contrirvte very

, indicating that the heavier

ruch to the fricticnsl iosses.



2.13

242

From thie experimentelly found dray enefficient, firing
i

tables have bteen worked out, eng are alsc shiovn granhically i

jo

ipure 2.12. HNcoturally, these tabhles ers not to Pe used in &ven

i~y

A

usl reslistic firines, as more cata wouvld have o te eonliccted.

et

lowever, for the following eonsiderations and for our experimental
firing purposes, the daba are sufficiently accurele.

Ae will bs secen from figure 2.12, the vseful ranecc DLSSI~
bPilitics of the projectile with VI-fuze have teen decreased, giving
from 500 to 1550 metres, compared with 200 to 2300 metres for the
PD--fuzed one.

Flight stability a2nd disversion

Various firing tests have indicated that the sterility
during flight is approximately the sare for the PD-fuzed and the
VT-fuzed projectile. bLurirg the first seconds after firing, sore
instarility will occur on Yroth types, Put the dispersions in length
and width sre still toleratle. The length dispersions cre in
sccordsnce with the varistions in initial velocity of the prcjec-
tile, znd otviously cennot te avoided except ty more csreful
choice of charges and cherpge increments. This naturally is Feyonc
the scope of this project. The width disnersions are about one
half the length cisnersious.

Electricsl cheracteristics of the mortar shell VT-fuze

-]

In principle, the VI-fuze consists of a Doppler-sensitive
oseillstor unit, sn sudio frequency aroplifier fcedine the thyratron
firing ture, as well as & pPOWET unit.

The oscillator vnit

The os-illator, Colpitts~coupled throvgh the electrode
capacities of the triode vecuur tutre, hes & working frequency of
approximately 137 mc/s. The oscillator is inductively linked to
the sntenna, reing an unsyrmetrically fed dipole, One part of
this dipole is the projectile tody, while the other part is most
of the fuze tody, senpersted ty 2 low-loss insulatine ring of voly-~
ethylene. Low-f{requency varistions in the snode current of the
oseillator tute, duve to possitle variations in the real part of
the impedance o. the aipole entenna, vroduce valtage varietions
seross the oscillator plate resistor. These veriestions in antenna
impedance occur when the antenna arnrosches any terget, esrecinlly
the eprouncd. The egntenne Yeing short compared with the waveleapgth,



one stould exncet the radicticn disgram of tae antenns ©H te sivls
lar to thest of 2 Hertzisn dipole, fiving z2€To in the CGirceticn of
flight. This is correct for greac distonces from the sntenng (mare

then 19 wavelcengihs), tut et closer distsnces, the vadiatiou div-
grem is considecrehly modified. As 8 conscequence, F2r ¢istonses
Yetween entenna anc sround of from 1/2 to 4% wevelensths, the zern
in the radjstioa (or the reflecticn) diarrar of the antenus wiil
disappeer, resulting in a reflected siranl moie or less Indeve!

stveen flight direction and ground normale

ry

ent of the anglie

in order Lo obtein a picture of the reflection conditions

ss 3 functicon of sarle of irpzct et aiffer t heights above ground,

€
special experiments haa to Fe conauctsd, From a wooden LCHET. 10
metres high, a F43 projeciile was hauied down Ly swagf or @ smaltl
wineh. The projectile was sccured to an insulcting "erecie®, Ty
mesns of which the enple ¢ retween nrojectile axis and the hori-
zountal plane could Tre adjusted. The projectile wes equipred with

e aurmy fuze of the seme dimensions as the ordiunery VI-fuze, hut
containing only a Fattery-vowered oscillator for 137 me/s. As
great ¢ifficulties were involved in telemetprfhs the plote current
of the cscillator without disturting the rsdiastion ciagram nf the
projectile antenna, uUS€ was made of the fact thet the self-impedance
of the antenna varies aloug & spiral in the corplex niene as the
antenna is moving closer to the ground. Accordingly, we might
measure the veristion in the reactive comnonent of the antenna
impedence instead of the ohmic one, end this component mgy ke ov=
served by measuring the Irequency modvlation on the fuze freguency
durine descent. As we aTe anly interested in the relstive vari~-
ations, this measurement 1s very €257 to csrry cvt. Figure 2.2%
snows the recordings of relstive freguency devietion guring desccrt
of the projectile, the sngle Fetween the latter and the horizontal
plane teing €O, 70, &0 eno 90 degrees resrectively. In figure 2.27
the aats from fig. 2,2° heve Teen redueed, aud this flgure shows
reletive reflection amplitude versus mre jectile height arove FTOUNA
at tnese same 4 angles of impsct. As will e seen, the refleftion
amplitude at w = ¢0° varies inversely pronortional to the heient.,
ss will also te the case at w = 0% (norizontal dincle). However,
at o = 900, vhe smplitude vearies inversely provortional to the

secoud nower of the neight, as may Fe readily chown to bte the ©ase
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2.23

§
A 1

for a verticsl aipole atuve provnu. Finally, in figure . 2.23 sBre
o- A 1 -

R P -—x

siown the calculated reflection amplitudes at diser
length distances n ehove grouad as a functicn of angle of impac
These half-wavelength points are exactly the points where, duve ¢
the phase conditions in the oscillator and the succeeding ampli.
fier, the firing of the thyratron will mest prohably appear.

Accordingly, from figure 2.23 it will be clear that tne
reflscted signal is prazitically constant for angles of impact
between 70 and 90 degrees and heights tetween 2 and 8 half-waves
(2,2 - 8,8 metres). As will te shewn later in this report. these
conditicns will be the mcst common ones, and this is most conven-
jent for the purpose of determining the tactical firing conditions.

The characteristics of the Doppler signal amplifier

This is a relatively ordinary i1-tube emplifier around
the tetrode DFé8, working with fixed negative grid voltage. The
tube is AC-heated, and amplification is approximately 60 from inpvi
(plate resistor 8 K ohm of the oscillator tute) to the output
@ M ohm grid resistor of the thyratron). The amplifier is tlock:d
immediastely after firing by applying negative voltage to the screen
grid, and will not be active tefore the projectile has moved aront
600 metres in its trajectory. The amplification: is practically
constant within the range of Doppler frequencies for this projec-
tile (€5 - 110 ¢/s). The output of the amplifier feeds the grid
of a thyratron through a htlocking capacitor, This thyratron haes =2
DC bias of -7 veclts, and the firing point being -3 volts. a peak
amplitude of 4 wvolts from the amplifier is necessary for firing.
The firing capacitor and the electric composition detonator are
in the plate circuit of the thyratron. The combined sensitivity
of the amplifier and thyratron circuit is specified in mV rms for
firing and normal values for this amplifier are 20 to 4O mV rms.
In case of electronic failures in oseillator or amplifier units,
an impact contact provides discharge of firing capacitor through
detonator.

The power supply

The supply cf power to the oscillator, amplifier and
firing arrangement is obtained primarily from a wind-driven
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AC-generator, connected to a rectifier unit. During the develcp-

ment of the project, varicus tynas of power supply were

Q
u

onsigered,
s

A

Ly 2 3

tut this solution was found to be the simples®t one fioon @ con3Triue
tional point of view, as well as giving an inherently very useful
means of transvnort and tore safety. The electrical frequency from
the generator versus the projectile velocity will Te seen from
figure 2.24. Here are shown the results of different firing and
wind tunnel tests, and for later discussion, the obsarved points

may be considered to lie between the two straight lines in figure
2.2%., The H.T., output from the generator is voltage-regulated,

and for generator frequencies greater than 2000 ¢/s the regu-
lation is better than 1%. Eelow 2000 ¢/s. the voltage drops

very rapidly. The accurate regulation characteristic 1is

necessary to tlock out wobbulations in flight velocity, which

would otherwise have resulted in voltage pulsations flowing straight
through the filtering units and to the thyratron grid. ZEelow

2000 ¢/s, i.e. during passage of the trajectory top in most rounds.
the amplifier is htlocked, and no wokbulations can »23S. This is
achieved by means of a capacitor in series with the AC heater
voltage yielding a very sharply defined cut-off frequency due to

the Richardson effect on cathode emission.

2.24 The safety devices

Arming of the fuze occurs normally after 2900 revolu-
tions of the turtine, or 11600 electrical cycles of generator
frequency. The arming is electro-mechanical, the short-circuit
of the electric detonator is released and the detonator is coupled
$nto the firing capacitor circuit. At the same time the detcna-
tor has reached a position where, in case of firing, it will te
able to initiate the rest of the explosive train. Also at this
same time, the screen voltage in the amplifier changes from nega-
tive to positive, activizing the amplifier half a second later.

As has been mentioned atove, at the top of the trajectory the
amplifier is blocked if the generator frequency should drop telow
2000 ¢/s and will not be unblocked until somewhere during the
descent when the generator frequency has exceeded this value again.

5.3 Keflection characteristics of the ground

During different tectical situetions, various types
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of soil will te met during VI-fuze firing, and since the reflec~
tion coefficient of the scil varies. certain fluctuatiocns in tures
heights are uraveidarle. Knowledge of the reflection coefricienss
of various ground types is therefcre essential.

The measured reflection coefficients above varying ground

During the spring of 1955 tests were performsd T lewerineg
a horizontally suspended dipcle antenna, fed from a Fattery-power 2
oscillator on {137 mc/3(2}. By measuring the variations in plate
current of the oscillator at discreet half-wsve points anove ground,
and comparing with reflecticns from a large trass cloth, the foli-

owing reflection coefficients were found:

Prass cloth 1,0

Sea water 0,86
Forest ground 0,64
Grass-covered ground O, 54
Rock 0,40
Gravel high-way 0,40
Dry sand 0,15

A reflection coefficient of O,4% seems to be a suitable meau value.
By optimum setting of the fuze for a 044 ground, there will
obviously occur too low firings over sandy coil. However, sendy

s0il without vegetation is very scarce in Norway, SO we will
choose a reflection coefficicnt of appr. 0,%. or half the value of

sea water, as a suitable dimensioning value.

Terminal ballistic studies for the determination of optimum height

height of burst and relative effectiveness of air turst

The optimum of turst ¢f a mortar shell is greatly
dependent on the taetical case. Against standing unshielded men
on flat terrain a ground turst is usually preferable. On the
other hand it is quite obvious that air bursts are much more
effective than ground tursts against men in foxholes or open
trenches and against personnel shielded by rough terrain.

t is possible to calculate the fragment damage for
various tactical cases if the damage pattern and the numter cf
effective fragments per unit of target area 2s a funetion of the
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Guah data werz not completeslw ayailable for the L7

mcrtar shell, and tasugh it was possitle to maime some approximate
estimates of the ontimum hzight and of the relative effegtive
1t was very Gesirable to carcy out framentation trinld:

tery vroving gromnd. Such trials with other types of amsunition

W
; ) - s - i e s . i - i TR (R R
(M-8 rocket, 250 end 500 1ts homhs) heve Leea described earlics

i) targets simm

bootl

G
F~ Ly R PR Jon o, 18 - il i K L IR |7
targets flush with the svrface), &) Fargels

Is

shallow trenches
n in mediunm deep trenches {(targsts 0 ca peiow the

A

simulating me
3 targets on snow-covered ground. In each case it

surface),
was necessary to carry out the trigls as static turses withous
actually firing the shells. This was rrimari.

that no proximity fuzes were available at th“t time. As the
remaining shell velocity is osmall compared with

L
fragment velocity (1:8), it is thought that the error waiea in
this menner is introdused is of little significanc
gr

2.41 Targets flush with the surface

toards, 1,3 cm thick. spaced 5 n ap2rt ih & squarce wi
radius of 30 m. The total numter cf boards was 1i3.
projectiles were detonated at eacli of seven heights, C - i - 2 =
3,5 - 5 -8 ~ 12 m. Fregments which perforated the roards were
counted and marked out after each rurst. Every frogment which
caused a visitle mark on the rear sidc of the hoards was taken &s
a perforation. In all trials the angle between the shell axis
and the horizontal planc was 66°.

A perforation was supposcd to represent e 504 prota-
pility of incapacitation. If more than cue fragment verforated
the same toard, it was assured thet the casulatics were inCepen-~
dent of each other. With n perforations in the seme roard this
assumption gives a prorability of incapacitatiom

p=1-°F
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Theze assumptions ave wrimarity of significance for the

apsolute Freemept darese. I thils corameciion we are oaly inter-

tive dames:s. znd ¢eviatincna from these essumptions

i1l was nceessary to meke s assumpticn with regard to

s

he damage caused by aig,bl93t frcem contact tursts. According to
en tv Granstrdm ¢ the shnck wave at ¢ distance of 1 m from
iug charge of this size will hsve a peak pressure of 6 atm
which 1g the limit of szricus injury to men'”’. 4 shell detonating
1 therefore cause incapa-
perforating fragments. £

0
et was made both for contact bursts and

correction for this effe . o .
£ ; M : . .
J.Or L1;.LS!JS a'u 12} 5“\ .L‘:’,:lt Ol ] o

All the trials were performed with the shell situated
ard. At the lower heights the position

of the shell relstive to the neerest tcard will te significant end

a correction for this effect wes mede for the heights 0, 1 and 2 m.

P

The relative damage crtained Ty these trials is tatulated

relows

Tahie 291
Height, n - 0 % 2 285 § é 12
Relative demages 1.2 3.0 2.9 Lk 2,9 1.9 1.k

The results are also gziven in figure 2.41. This curve
is primarily drawn on the basis of tavle 2.41, but some consider-
ation is also given to the nuarer of fragments hitting the Toards
without perferation and to a thecrctical calculation of the rela-
tive damage.

table giving the number of effective fragments per square foot at
[ )
vericus distances from the Purst®?’. An effective fragment was

o
m

ned as a fragment with at lecast 8 kegm of kinetic energy. and

o
@

>t
it was supposed that such a fragment would ceuse incapacitation of
2 man. The result of this caleulation is given in figure 2.42.

Tt will e otserved that there exists e significant
difference, not only petween the absolute values, but also between



prmeg s oF L Sus vorves of figure 2.41 end 2.42. The former

may e due to the diffsrent definitioa of incepacitation. The
latter is thought tc te relcted to the fact thet the deta used for

the "fiecterizal caleulobion are velid only for random orlentation

If <t is suunnzed thul a raadom orientation is equivalent
£ 1 of 457, snd further that the frag-
ment density has o maximun near o plane normel to the projectile
axis, it scems reasonable thet a projectile with an angle of fall
of 55° will cavse 2 cwmaller frogment damage then one with random
orientatinon end thst the difference will increase with helght of

turst. This

teo a pro

:vloustion is sucporied@ by the experimental results
showing a consideretly greater fraogment damege tehind the shell
than in irocat of it.

According to figure 2.4%1 the optimum height of turst in
this tactical case is 3,% m giving an advantage retio of atout 3.6
compared with contact burst.

Geveral factors, however, which were not investigated,
will influvence these figures.

The shell velocity will give ¥he fragments an increased
velocity in the direction of the shell axis. With €€° angle of
fall only the vertical component of the increase needs consider-
aticn. The effect of this increase is to concentrate the fragments
giving a greater optimum height and 2 greater advantage ratio.

The megnitude of this effect is thought to te small, rut firing
trials will heve to te carried out in order to give a gquantitative
estimates

Sheils_with impact fuzes will penetrate a distence into

ng, thus giving a smaller fragment demage
than the shslls pursting in contact with the ground in these trials.

ac
the groand btefore cetonati
As the impact fuzc for 81 mm morter shells is a superquick one,
the distence psnetrated refore detonation occurs is usually very
small. The fragment deomage, howcver, decreases Very rapidly with
the height of burst at very low heights and a2 small penetration
mey therefeore still te of significence. ZFiring trials would also
give valuable information with regard to this effect.
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factors do not affect the
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the average numper
and 3) for

insofar &s this

shielding(S) conclude
1e" is Peliesved to be that
foxhole® is defined as
»n the average, re unharmed

legs than 10 degrees. Greater

foxhole® is given no consideration.

(3) boards
, spaced i% feet apart,
"shallow
an odvantage ratio
of 15 m.

erred to earliegs
(o144
was descriped as
tomt
In the seme

test it was found that if the vergevs are flush with the surface.
an advanteage wabtio of § is opserved. In the seme rcport reference
is given to Eritish trials of effectiveness of airturst bombs
against shieldcd targets. They differed from the American trials
in that the btargets were designed to represent men in deep foxhole=
as well as in shallow foxhciss, they wvere spaced 30 feet epart,
were smaller, and the effect of blast for the surfece rurst was
ipeivnded in the eveiuation.
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trat the div:ob cavse of dealh in Plast injury is a respiratory
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Glemedson i hiz study on air tlast 1njuries( ) st

atory failure, teing dependent both on maximum pressure

and on immulse. As these cuintities are highly correlated it is

usually sufficient to consider the maximum pressure.

The mzssuremsnts were made by recording on a counter-

croncgranvh the %ime of arvival of the shock wave at Two pressure-
e gaugss spearotsd vy an accurasely mcasured distance.
Knowine the velosity of the tlast wave and of sound, Vv and c¢
resycetively, and the ratic of the svecific heats.;v , the ratio
sctween maximum snd etmosphneric pressure is celculated from the
s Kanikins -~ Hugoniot equations

2

c o v \
p/‘pO = JA.-+ i (,.,g - 3

The results showed that when the cherge turst at a

Jdistance of 20 cm from “he torder, the pressure at the rottom
of to about € atm. Consequently the limiting
+

the trench rose
distance of incapacitation of men was taken es 20 cm on the longest
side and as 40 cm on the short side (in order to take some freg-
ment injury into account). This gives a vulneratle area of 2.08 m2
and a prohatility of ceusing incapeacitation by ground rurst of
0.083.

The relative fregment damage obtained by the burst

trials is tarulated belows
Table 2.42

Height. m 3 2 L & 8 12
0

Relative damage:s 0,5 .35  0.69 0.42 0.2%

As the fragment perferations in these trials were Very
scarce, the reliability of the results is questionatle. The
results ortained from the triels with the targets flush with the
surfrce were therefore recalenlated in order to give an estimate
of the fragment domoge with this type of cover.

Eoth estimotes are piven in figure 2.43. A reasonatle
conformity seems to exist end it mey be deduced that at an
optimum height of 5.5 m the adventege ratio is 77
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Targets on snow-covered ground

The cffect of o morier shell with impact fuze on show-

P
covered pround is ususlly very pocr. Culy wh:in the snow is Very
herd will the fuze functicn on the surface. Most frequentvly the
fuze does not funciticn until the projectile reaches firm ground.
Under extrems circumstonces freoucnt non-functioning of the fuze

uced effect is however

9]
L1
+
L
m
L
r“’)
r,

.1 fregmentation o SNAW-COVETED

hel
ground is Kllowal, Heither hes it been poassitle fer us to meke

5]

such teiels in the timc aveileble, The comparison of impact fuze
end proximity fuze in this importeont tectical case hos therefore
to me bascd on statcments from officers experienced in fragment
damege from real or simulated combat. A1l the officers inter-
rogeted agreed thet the redustion of frogment demage wes Very
dependent on snow conditions, btut very frequently the reduction

wes so great that the edventage of mortar wes Very guestionatle.

Under everage snow conditions ty which is meant 60 -
70 cm snow of medium consistency, a reduction of fragment demage
by a factor of 5 to 10 compared with Turst on rare grcund was
estimeted hy those presumebly most conversant with the subject.
The reduction of fragment damoge compered with air rurst may
often be much greater. It is very difficult to give an exact
figure for the advantage fector in the various refractions which
may occur, tut a weluve of twenty or even mMore does _not appear

o i S

vnregsonatle.

Conclusion, preferred tecticel application of this weapon

By comtining the results from 2.1 (firing tatles). 2.2
(electricel fuze deta), 2.3 (ground characteristics) and 2.4
(terminal tallistics), we may be atle tc find a reasonable com-
promise and determine = suitable mean setting of the fuze.

Cefinition of fuze setting

With "fuze setting® we will define the sensitivity of
the complete fuze, measured in a stendard test box vy dndueits
a controlled disturbance until the fuze fires. In prectice, this
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rage into a culbizel ciuminum hox,

- ¢
Lo LNl yoals

Forrine with an exteruel gir

1_.
reet. (A dumry loed, egual to the radiztion inmpedance in free

ring). A btuned circuit, tuned to the fuze frequency. is coupled
very lcosely to the anteums gap. 2nd the losses in this circuit

1.

gre mods te pulsate by neans of a germonium reetifier, exeitcd
D

q,.«
e
‘4

’ ﬂ . .
2 100 ¢ps from an audin generat

. The couniing rctwesn this

cironit end the fuze is veriatlc, being calitrated according to

the vesults from ehcui 30 successful firings. With this systcn
€ - weak coupling until the

a less sensitive fuze will nesd 2 ClOSuT e

iggering or firing is orserved by the extingnishing of a

g
ling. Tr
neon lamp

connected tetween the thryatron cnode and ground (i.c.
across the enbtenna gap by mecans of r.f. chnkes). Figurec 2.51 shows

a photograph of this standerd hox. - = ¢
Choice of preferred height of trurst akove average terrain

According to the tcrminal-bellistic tests end assumntious,
we mey conclude that a ncminal height of % half-waves (4,4 metres)
etove ground with a reflection ccefficient of O,% will Te a
suitable starting. As tcste atove shallow trenches have indicated,
tursts stout SC% higher will be suiteble. This will protably be
realized, eas trenches will most likely he cdug in grass-covered
ground or forest terrain with rcflection cocfficient around C.6.

As will already te known, with a given fuze, the hurst height varies
proporsional to the fuze setting, and also nropertional to the
reflection coefficicat. Of course, there are several factors
tending to incrcase the dispers

cn in height, as for instance
4.

si 3

differences in crtained fuze settings (i:1,5), variations in angle
of impzet a2t ceonstant anzle of firing (+ 2°), variastions in engle
of impect due to roughness in the terrain. In addition, the
varictions of reflecticn coefficients occur, so a cervain range

of purst hcights hes to be specified. To meke a suitatle choice,

-

we will specify burst heights of between 3 and 6 half-wavelengths
esbove a ground of reflection ccefficient K = 0, 't. As has been
evident from practicel tests end firings, these date will be
obtaincd by a fuze sensitivity lying tetwecen 5 ond 4,5 rclative



dotermine Tihe purnt heighos

~3 charee
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sn empli
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inpeet. W<
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~c5t of the deoto usedzd to debervmine o tiurst heients are TN

at charge ¢ acvoss sea water with K = 0.85 and a mean sstting of
R = 3,0 (K.R = 2,50) that the resulting mea y value of Purst height
wes 6 metres or 5,9 half-waves. Acgordingly. in fignre 2,52 the
¢cata from figure 2.23 are redrawm, Tut in additi new secail

~

for K.R has supersedcd the old, relative scele from “igure 2.23.

We will choose & certain range of impoct angles, sufficiently large

to perwit suitable range overlop for different cherges. end for
this weapon, the best range for the impact £ngle w seems to lie
- i r

cetween 65° and 74°.

Concluding *then from figure 2.%52, we find, for K = O,k
and B 1ying between 3 znd 4,5 burst heights of kefwaen 3 2nd 5
hall-wavelengths. Furthe“mcre. fer K between 0,2 end 0.6 end R
between 3 end 4,5 (X.R between 0,6 and 2, 7) end no further re-
strictions or firing taple., a possiol 11iby of dispersion in heigat
above ground botween i and G halfwaves exists.

Finally. in figure 2.53 is shown the firing tedbles with
the restrictions mentioned chove. Rounds fircd with charge O and

+ heve to be avoidcd. es the impact veioecity in thesc cases Iy et
times tc lower than the limit eccording to figure 2.2% insuring

sn active emplificr. In figure 2,%3, the Yisosngles". joining

Han
ja

firing points with constant angle of impect have been marked.
shts with fuze setting
= 3,75 and tased on average gronnd with X = 0,4, The firing

on these lines are also given rurst he

curve for charge number 2 has been extrapolated teyond the
()

]
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Detsiled deserintizns oad debr for the NLEE fuze wiss i
Ee ok . - T ey o~ - e prap———" -
given in the following. The chapber 15 suhdivided eccoording 1o
Fo . o B e n 1 el N e Tl T o
the different Fuvnchions of the mein suregssemprlies. In the wIdr

the Burcpean standerd draewing pro

instence the side projection cof a cunpsnent 1 e plecsd on tha
opposite side of the top projeetion, conpare ¢ the American
projection type. Secondly, diametricel toler cs ore glven in

7)

the ISA-systen , consisting of one letter end one figure for goah
n

% d
tolcrance specificaticn. The lerge letters indicete luner diamst~
rin dimensions (bore rese), while the smell lettcrs indicste outer
diemeters (sheft tase). The figurs indicates the type of tolc-
™

g 5 s
ro-sided (§ . ) or double-

rence. whether one~sided (¥ . L), ze
sided ( ¥ ), Tre tolerance figure is basicelly a2 reletive measnye.
Thirdly, in order to keep the numper of different drawings within

rtain limit, nhotographs are alsc used as supplzments in the

p 84T1-1 is shcwn the compicte fuze assemrly.

pticns of the sub-units are given below. The diffee

of the fuze will now 72 considered. From the froat
a

rming deviecs, the en?i:

end we heve the power unit.tl: Zcow-siisd
Trequency unit, the rcdio frequency unit, and the fuzc base with
the electric-mechonical-pyrotechnical arming system. Finelly. we
shall taxe

o

lnok ot the assembly of the complete fuze es an inte-
greted unit. lNot to meke this dezcription tco lengthy, we will

ct
ot
]
in
el
e
it
=

only concentrete upon the ompleted product, and very 1ii

re mentioned arout the different, often very cumbersome, prelimin-
cry stoges.
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nertly as elternecting current (32C
o
(=3

direet current (410 md at 25 VD
we have chosen to feed the fuze from a wind-driven turpine~gei

rator. The generator fecds AC to the =udic nnit. where the high-

voltege part of the supply is reguicted, rectified and filterca.

u

¢

P

The turtine-gencrater consists of the following mein pertss
In frout, inside 2 turbin

nounted on the rotor shafi, rotating in Ppil bearings.
same rotor shaft is the Alnico V ring magnet, wanich scts as a
rotor. Around the rotor is the stotcrs silicon iron laminations
with 2 wave-wound coils. empedded into the gsnerator housing ty
means of en epoxy resin. To the stator leminations is coannected

a magnetic shunt ring. ecting es voltege reguleter. The termincls
from the two winding coils, two from the high~voltage one and

three from the low-voltage center-fed coil, ere brought out tiroliz:
the emtedment bty meens of £ nylon contact essemibly, facilitating
en easy means for further snlder conucction to the esudio frequern2y
part of the fuze. To the generator housing is mounted the

besring fixture, containing the teck hall Tcering for the rotor

and 2 gear mounting plate with reduction gerrs to en erming sheft.

Figure 3,11 shows the complete generator. The btearing
fixture is seen to the lelt, with the snlined tap to the arming
shaft protruding teckwerds. This tearing fixture fits very
tightly into the generator housing to ensure the necessary swell
tolerances between the stator end the rotor.

Hsving given this short review of the mein perts, the
different electricel end mognetic date for this vnit will now b
considerec.

Specifications for the turtine-gencrator assembly

As has becen shown earlier in figure 2,24 meaximum output
frequency of the generator will ».ver exceed ¥000 c¢/s, end with
8 poles this gives a meximum rotational speed of 75000 rpm.
However, the rotational speed and the fregquency vary approximately
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lincarly with the orojectile velocity. end bas ic21ly. the outpul
voltage from this type o rotor with 2 permencnt megnet rotor
will 2lss 2€ pro

1 s of the fusze however, tho supdl;
voltage has te e =sterilized to & high extent. Our snecificaticn
Tor the high voltege from the c

€

oticn end filter;ng for the plate supply of the oscillat
QO r + s o
s

e e ans vamspenon s w2 e f s

gengretor, measured after recklil
or t

£

far 2 colitration frequency of 2000 c/s. This telie-
o] s

rence indicates the permitied devieticn Petween ell genere o
one praagction tateh, Lowever, for one and the same genc
4

the cutput voltege {.onverted to D) will lie within £ 0,5¢ for

any practicel frequency T« tween 2000 and ¥C000 c¢/s. These tolerent

will not sutomaticelly te realized for the lew-tension terminels
Put oscillater end emplifier circuitry has been constructed non-
critical in regerd to the filament voltezges. The Treascn for thes
very accurate spceificatious for the reguletion is as follows.

The natural freguency of wobrtulation cduring flight for this pro-
jectile is epproximately 5 to 10 ¢/s. With a regulation charact

La e

;i i
nortional to the spced. To ensure proper funetion

e

cr-

istic, i.€. a generator voltage vs. frequency. not nearly horizorte:

a2 flight wobbuletion would Tre converted into 2 voltege wobtulaticn

through the turbine and the generator. This voltage worbulation
will pess relatively non-reduced through the rectifier, filtering

»nd into the electrodes of the tutes, giving rise to noilse vecituges

o et s MR sk e 3

cAERH § fretnoncy Dind not very fow Tenn prplilicy pass bang, BhC
1ikely to €33 tho 4hrsotrzon. 4 coumplete tel.etering program has
afven: LOEN B8 L0 U0 oolEsl el 2 thz frequency wotbtulations,
wive gaads wh vasedtwmls Bn grosife e pormInalin sharecthgistic nece
sagove Sy wroll Soese Rolse REItEELS WITH X6z safety factors.

shows the generator voltages for a typical

generator, and r‘hcmn is also the tolerance limits during productiuvn

The generetor reguletion cheracteristicz is obtained
pertly ty means of a magnetic shunt ring. increasing the leakege
flux linkegcs et higher speeds. and partly ty an B-C series
resonant circuit scross the HT circuit. This resonance effect
boosts the output voltage at 2000 ¢/s with 2 very low Q, so the
characteristic mey te very nearly flat within the specified freg-

uency range.



rrdugtlor beeri s deserired in o latew
chapter. Th

tack plate or

s

end ¢ megne

1
tact assembly,
bearings =il & snap rin 7
shows how the machining of the potted stator is douc,

insertion of the su&p ving and the large (3/16") rollez beaving.
The rotor parts arc the rotor gpﬁgg, centered in megne

Ty means of Araldite resi w; and the turhine. Aftor

e
completica cof the turtine~generat33 u;.:"r_‘t;~ this section is tssted
g

and edjustec, comnected electrically to the emplifier vnit. end
mechanically thrcugh the gear treoins to the armang sheft, ofter

which the power vanit is ccanccted to the A.F. uwnil mochanically »y

the turbine housing. Tais housing wets partially es a retalining
AN LA &
ai

in conncction with the detai
unit, notice must »e given tc the very caose to

This is neczssary firstly teo ensure a gooa

-

high rotationel velocities

very smail
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the drawings shown. Duving the last stages of this off-line pro-
d

00 turns of 0.07 vm dia.
Durcflex-covercd wire, wound in e cireular faeshien. The LT

s
inetion, the in-line productioun i3 started by winding the ge
3 10

ils. The HT coil consists c¢f

winding consists of 2 x 8 turns O,% ma dia. Duroflez~covered
wire. Winding mandrel dismeter for these two coils are 4z end
40,5 mn respectively.. To tie wire c¢nds from the HT winding is
connected oneciel Litz wire, maede of 8 strands of 0.07

Duroflex wire, tne Litz wire veing interwound with the termiasl
wire to increese mcchanicel strength, rut, 2s will Pe noticed,
only the criginal single wire coaducts current. The inuer end of
the Litz wire is insulated bty msans of bakellte laqusr to prevenc
the different strand ends from dameging the coil. The two Litz
wire output leed to the coil with & srell piece of

¢
the whols ¢oil with terminal points is
n

PVC adihesive tecpe, end
given an outer insulation consisting of one leyer of silk woson

tane. The sare process applies to the LT winding, Pus here the
two wire ends os well a2s thne dourle cenver lcad are

S
to act as terminels. After these processes, the winding
ng shape, The two coils are shown in figure 2.13 amengst the
e

generateor compeonents.

Now the coils have to re pre-shaped eccording to their
finel wecve-shape in the stetor. Ey means of 2 speclal shaping
jig this is cervicd out, esnd the process of mounting the ccilis
into the 9 stator laminaticns is comancnced. The HT win. ~ing is
pountcd with the terminals extruding on top of one of thc stator



pcles. 1n tae next cperation. the LT winding is moanteC, with
its terminsis cn “he third pole counted in clock~wise directio
from the HT terminels. The coil waves arc hent outwards from ths:
stater cecater, to Szeilitote leter assembly of the magnetic shunt
ring, and ere firmly pressed to tonch the outer plane surfaces of

At this stoge, the compieted stator is pressed into She
stator nousing. ¢s shown in figure 3.1%. The orieutation tatweel
the stator and the housing ip epnorent from this photopgrarh. Tie
nylen contect asscmbly is placed into +he side slot of the housiing,
and the five termincting leeds from the windings are put one into
coch siot in the contect assembly. The termineting leadc have,
beforc this operation, been stripped for insulation by a speciai
chemicel lagucr solvent. To facilitate the potting process, the
radial holes in the contact assembly are filled with drops of
Arzaldite D after the tcrminals heve teen trought in., Having laid
in the paper specer ring and the magnetic shunt ring, which are
pressed together with the stetor laminations by a speciel Jjig
assemtly, the unit is 1c¢edy for the moulding cperation. Araldits
D with 10% herdener 951 is used, and zouring as well as herdeding
is caerried out et room temperature. After hardening of the resin
(2 days) there is one step of offline production.

The complcted stator is machined according to dwg.
84T1-106, to ensure proper concentric rctor opening and ball
tearing surfaces. The groove for a roller tearing snep ring is
also machined in this ~pcraticn.

In~-line acain. roller bearings toth in the stetor
housing and in the bearing fixture are pressed into pnsition.
the "large" bearing efter the snap ring has occupied its grocve.
Figure 3.1% shows this stage. Parallel to these production steger
of the stator, the rotor assemrly is carried out. The ring magncts
are moulded ac-urately concentric to the rotor shaft ty using
Araldite 101 hotnsettlng adhesive. This is herdened for 3 hours
at 1’;‘-0O C. and @ -ing this opcration. shaft and magnet are held se-
wumiv in a special Jig. The worm end of the shaft. is proteeted
by coating with 2 layers of silicone rurber, hot prepared at 1;u Ce
The rotor, after assembly to shaft. end having teen cleancd ty

m



a wmagnetizing jig. Duiring tihis shozk-megnctlizing procesz. @
capacitor discharge (1500 velts frow 150 MF) is icd througn C
series-prrellcl coils nn the 8 megunetizing psles. and o remendity
induction of 8500 Geuss i3 chteined. This 1s the highc;t ortain-

thg icctronic stete. A certain

5!
de magnethging effcet will bte nresent when the rotor is tvaken intc
i

the air. Tuis magnetised rotor with rctor shaft is tested vy
roteting it past & search coil at 1700 roa. induced voltage in
the coil being cbserved with a vacium ture voltmeter. The tested

rotor assemtly is mounted inte the stator bell heering. and the
turbine and the turbine nut arc threaded oa end secured. Finally.
the bearirg fixturc with the gesr mounting pliate end gears is
pressed into the generator hcousing end démto the gencrator shart.
and the unit is ready for finel test erd celilration.

In this state, the generator will yield too high
voltages measured on a dummy lcad. However. with the turbinc
driven at 30 CO0 rpm (by an air-tlower). smell and increasing DC
pulses are passed throuvgh the HT-winding. causing a demegnetizing
effect on the rotor. The pulse amplitude is slcwly increased
until finelly e voltmeter across the LT voltage shows cerrect
value. After this operaticn, the generatcr 1s stable as regards
short-circuiting of the output terminals. as well as in respcct
to shock tests; no further demagnctization may be ortained bty
either means, and ageing will also show no c¢ffect. The generstor
is now run with veryirg speed. and the HT regulation charecteri-
stic (voltege vs. frequency) is dGisplayed directly onto the face
of =n oscilloscope. In this process. the voltege exiz is magni-
fied to give an exect picture of the regulation curve above 2000
c/s (the "flat" part of the cheracteristic). and generators outsids
the tolerence limits for the flatness arc discharged. Having
passed tnis test, the generator is shock-tested according to
chapter 4.0, and is completed as a sub-assembly, To give &
practical pilot-piant result, fron one heteh of ¥0 turbine-gene-
rators. all pesscd the tests and were uscd either during firing
or for latoratory tests.
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Discussion ou quantity-production possitiiities of gencrator

The pilot prcduction of turbine-generators hes a2t our
labtoratorizs been carried cut by only one person at a time on the
in-line processes and between 1 2nd % workers on off-line produc-
tion. To Tte eble to discuss scries- or mass-production data for
this unit, we give 2 rough estimete of our pilot production
prices (series of %0 generators). This estimate is given in

table 3.11.
Tatrle 3.11

Pilot-prices (incl. overheads)

Mechanical parts- cost of materisal N.kr. 2% .-

" v cost of labtour " 70 .-
In-line production - latour " 30.-
Testing and control i 18,=

It is estimated during series-prpoduction that the total
price of the power unit mey drop to approximestely N.kr, 8%.-.
provided series of minimum 2000 units are produced and complete
tooling equipment for all critical operations is evailable. In
addition *h1e two larger parts. turbine housing and generator
housing, will have to be trass pressure-moulded with a2 slight final
machining. instead of teing machined down from solid material as
is done in pilot production.

As to series-production facilities. already during pilot
production some components have been ordered from civilian firms
outside our Estatlishment, and i1t is assumed that the parts may
all be obtained from different sub-contractors. By introducing
a different type of meterial fcr the ring magnet, looser tole-
rances might perheps even reduce the price by N.kr. 1%.-. and
roller bearings might possitly be omitted and be replaced ty
Q0ilite tearings.

The reducticn-gearing assembly

This group of components consists of all rotating parts
between the generator rotor shaft and the arming rotor in the btase
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of the fuze. Dup. 84T1-2 ghows 2 simrpli
asscmi:ly. A generatop worm &iiZages a wo
mounting plete. sitvated in the generator berering fizture

worm gear is combined with enother wormr, agaiu engaged Intc o gerit.
connected btv splines to an arming shaft, the latter leading cxesn-
trically through the elcctronic part of the fuse inso the fuze
tase. Here th: srming sheft is splincd into e third worm,

G
ngaging the erming rotor in the explosive tirain. T Pigure .21
is m

3.21 Specifications for the gear asscmbly

The mein function of this assembly reing to eunsiure @
safe delay &after firing. a tentative specificaticn was s¢t VD,
according to which arming should cccur after minimum 2500 revo-
Jjutions of the turbine. According to the specificaticns for the
generator, end the deta in figure 2.24%. the eir travel of the
projcetile is approximetely 0.09 m for each revoluticn cof the tur-
tine, so this saf ety specification would give a2 saefe distance from
firing place of 22% metres. The purpose of the mechanism is to
turn the arming rotor 180 degrces frem the safe to the armed
positicn, so the geer assembly would have to reduce the turbinc
rpm by a factor of at leest F000. A minimum of three worms would
te neccssary to perform this operation, end our final solution
gives a reduction ratio of 12 in the first worm. 22 in the second
and 22 in the third counted from the generator. The resulting
ratio of 125808 is a little higher than originally specified. and
gives a safe distance of approximately 260 metres along the
trajectory.

During the development work, it was found that the
whole gear assembly would nreferatly have to e made of nylo:. to
avoid noise volteges introduced into the oscillator., And further.
the srming shaft, having to pass closely tlrough hoth emplificr
and the oscillator part of the fuze, meeded to be made of a2 metei?
rigid enough to stend the shock tests and at the same Time only
causing very small losses at fuze frequency. around 140 Mc/s. Our
experiments brought us to the choice of & super-polyethylene.
Details of the reduction-gearing asscmbly are shown in dwegs.,
84T1-201 - 206€,
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in nylen or sudcr-polyetnylcnc. Cersequently. with bhe moulids
ing end novnting operaticnis sre Very €asy gag

14, 5o an cstimetcd working time per unlit is cne-half hoaur,

luding contreol. No cormments on this production eve necessary,

other then to point cut thet the work carrisc cabt o bring theas

moulds to & suitable state, teking care lLoth of shrinkege Guring
noulding and growth during counditioning processes. wes at times
€Ty cumbersome and required re-construction of mouvlids and

moulding mcachinery.

Series production of tne reduction-gcaring assembly
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Since this production involves only or
menufecturing processes. no difficulties should te excouatercd
in serics production. Estimated unit price is N.XT s
menufacturcr in the plestic industry might te o sub=-contrector for
this unit.

The amplifier unit

The A.F. part of the amplifier unit will amplify the

m

accepted Doppler voltage from the oscillator plate. surnpress noils
components from the plate and filement supply voltages. feed 2
thyratron end pring this tube to fire at sufficiently large
Doppler input sigrels. This will cause a firing cepacitor to
discharge through the thyratron and aiso through an elcciric
detonator, initiating the explcsive train. Further, She amplifier
unit is fed with elternating voltages from the generator unit.

fzd to the

P |

The high tension voltage is rectified filtered, ond

amplifier, tn: cseillator and th. Tujzxex Erge L il
____ 24 6511 be inactive o g safety guerd oosiast ol Garidg pare
of the filszkt whem generator f:igv-isy drops Velamw B0 Y e wed

5 ¥y dmalEees et SRR O G DNLEE AR T e G WORLL
ag i@ s Mees #73 gplerntle 2 Hlo Fosr, the wapliil.p il will

e glheokei ot 1 oat 80C0 g, and will pass severe : Limatic vests.
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Description andé cheracteristics of unit

Drawing 84T741-308 shows the cireuit dingram »f the ompli-
ficr wait. Stertivz from the rectifi:r « i), 8 voltage-doubley,
consistinz of scries-connected germenium dindcs 02 @1 works into
the two doutler capacitors of 0.25 MF. A rther canrcitor of

0,5 MF complctes the charg

i
delivers ©ias to the thro=tron thi to the emplifier tube throuch

)

the doubl
the bizs
F 3 =
\r

¢ drop-resistor of R.5 end RTS in serics. To stanilize
againat veriantions ia IC enrrent through the osclilesor
tute (the only real current-consumiug part of the cireuwit) e
tleeder resister., ij draws a currsut of 4,25 mA. As hes been
menticned in ccﬁnection witr the pgeneretor. & series-vesonant
circuit, consisting of 08 anc 316' as well as the reactence of the

generator os seen from the HT terminels. takes care of the diminu-

tive voltuge varietions from the magnetic shuni-regulaicd generator
The DC output from the veltage-douhler enters threc different paths

One gocs. through the B2O - C1k decoupling circuit to the oscillo-
tor plate feed. one directly to the amplifier plete feed. Through
a third path the firing capacitor C12 +« gharped through thce thy-
ratron plate resistor of R1O and through the electric dctonator
(giving rise to a peek current of 0,12 wd during charge). This

5

path also feeds the amplifier screen grid.

The circuit sround the amplifying tube is degeneretive
above appr. 150 ¢/s. slightly regunerative neer the peax freguency
of 100 ¢/5. and with practically no feed-back at lower freguencics.

“
LT

The amplification vs. frequency is almost flat ir the region <
110 ¢/s, and drops off at higher and lower freqwhrﬂjc « 1bis
frequency characteristic is obteined by feed-beck around the vubhe.
and in addition by iow-pass filters in the 3nn1t nd the output

of *the amplifier. end by the coupling csp801tovv. Firing point for
the thyratron is -3 volts. The normal tias on the thyratron gric
however. is -5 volts. so an output signel from the amplificr of

4 volts pcak-to-peak is necessery for firing the thyretron. The
detonator. which also acts as a switch for the screen grid vol-
tage. is connected into the circuit after the arming time of 2 - It
secs has elzpsed. Ecfore this time. however screen grid ic at

-5 volts. and the amplifying tule is trlocked.



The unit is slso eguipped with an imnact coutact.
This is normally open-circuitcd. and is situated pevwson the thy-
ratron plate and ground, in those casgs where Tailur
tor or emplifier ecircuitry occur. this contsct initiates the firing

trein ot impact, However this happers prov

2

generator or rectifier unit (.ccur. It 3

3 1 &
mately 80% of the possitle VT-duds will thewcby be converted into
Ph-rounds.

The filament cireuit of the amplifier hes e speecial
mission. At low generator frequencics. the series
as e high impedance. reducing the filament current. As the
frequency increasss filament voltaege wili increese, as will e
clear from figure 3.12 and et a voltage of approximatcly 0.7 rms
the tutrc will start to conduct. Due to the Richerdson law ¥or
coethode emission, according to which emission current varics pro-
portional to a high power of the fileament current, a very well
defined opening of the amplifier wiil result. In the fuze circuait,
the amplifier will te inactive at frequencles below 2020 c¢/s and
fully active with constant amplificetion above 2300 c¢/s. Ecsid
yielding a safety against noise from wobbuletion during the steey
part of the HT regulation cheracteristic. this circuitry also
desensitizes the fuze during part of its flight around the top of
the trajectory, i.e. where projeatile speed drops telow 65 n/s.
No jemming signals are able to fire the fuze during this time.

The amplifier and thyratron unit as a whole has a sensi-
tivity which is specified as the sctual mV rms from the oscillator
plate necessary for firing of the thyretron, The mV for firing
usually lies between 20 and 30.

From fignre 3.31 will be seen the frequency.chcracteri—
stic of a typicel emplifier shown as mV for firing ot different
signal frequencies, As will be noticed. a practically constant
amplification is ottained inside the pass tand of 65 to 110 c¢/s.
In fieure 3.32 is likewise shown the mV for firing 2t 100 c/s
signal frequency. versus generator frequency. The passivizing 5 i

the amplifier at frequencics below 2000 ¢/s is apparcat.

in firzure 3.33 is shown the completc parts list for the
clectronic components of the amplifier. As to the tolerances for



"ferent compoueats upon the ¥V fow
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in a lebhoratory assenply*/’/. Mcss ceapcncnts are WNCrleilal,

firing ! 7
i.e. resistors end capacitors with tolerancez of # 07 or nore are

acceptable, but the tubcs ocre naturelly criticel

for the thyratron. Sensitivity varics lincariy with erch of
resisters. Tho resistors. thereforc. are specified at + 7. cud
may in practice be asstmed e€venly s
the different tubes, gquerntitvetesting has shown that scnsltiviny
variation of the amplifier tubes may be assumed evenly disprosid
between + 87, while differcnt thyretron tures mey gzive rice to nn
evenly spread veriation of = 5%. Aceordingly. the senszitivity

law, with stendard deviation + 6%. 95 out of 100 amplifiers

showing sensitivities within # 13%2 and no emplificr outeside the
+ 23 % limit.

3.32 Drewings and photographs of the AF unit

The complete details for the amplifier unit sre presentcd
in drawings 84Ti-301 - 314 incl. The unit is encepsulated ©y
means of Araldite D resin into a housineg. from one end of which
protuude the five generator leads es shown in AWE . 84T 1-30%,
From the other end protrude four leads to the oscillator and two
leads to the detonator, pessing through the oscillator Ty chokes.

by the etched-foil process. Dwg. 84Ti-309 shows details of the
printed wirings on the two circuler end plates in the amplifi-r
unit. Between these two decks the tubes and the compounents are
mounted. Connections between components and printed circuits ave
mede by dip-soldering. Around the amplifier esserrly is mounted a
ring capacitor. shown in dwg. 84T1-310. This unit conteining the
seven largest cepacitors in the circuitry is specially wound
with metallized sectionalized paper and impregnated with poly-
ester resin. In figure 3.3% is shown the "naked" amplifier unit
with the ring cepacitor tefore assemly while figure 3.35. shows
the capacitor joined to the unit. reacdy to e notted into the
housing, shown on the same photo. The unit is potted into
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Lopllibe B, solidejouradl with ¢ hot after-herdening. T
unit is onh cocentric axizl bore for the srming shaft. K3
3,36 shows the comple e AT unit after potiing. rvady for
agseriply of the oscillator u it.

Description of pilot production of amplificr

The mechenical parts ere apaduced cif-line in wiilrianed

with’ th? drewings. The £ir3t step in in~liirne productisn 138 to
prepare the amplificr housirgs pefore potting., The ferews aix

the nuts are mounted with kauriled speccrs and throuen the §
remeining 3 mm holes are pressed the nyion foed~-throughs fron
the inside.

Next comes the preparaticn 0f the compeonents. The
doubtle copper-clad bekelite raw nateriel is cut into pieccs.
10 x 6 em large. The plates are cleaned by scerubbing with &
mixture of cervcn tetracloride and pumice powder. eud thirough @
silk stencil of the circuit made by a photopgraphic Trocess a
positive circuit- pattern is printed onto one side of the plales
with ordinary tlack lithographers' ink. Each plate now conteins
the two circuit patterns for a compiete amplifier. The printing
is dried in hot air (100 °¢) for half an hour, and bere copper Ou
the circuit side, as well as the copper-foiled rack side. 1is
etched away in ferric-cloride by meens of a paddle-type etching
mechine. Etching is done with )y plates at 2 time. and tekes
atout 3 minutes on eech side, Following this operetion. with the
black ink still atop of the ecircuit, the plates ere hot—puncned
to their final shape. The ink is stripped off by ¢ sshing with
carbon tetrecloride, a surface preservative is bru hed on and
allowed to dry, and all <the. circuit holes for the compcnents
are drilled by centering the drill into the etched holes in the
copper. The plates are now ready for assembly.

The tubes for the amplifier (one tetrode. one thyratron;
are coated with silastic rubber (Welvic paste grade A) by doutle-
baking at 150°C. The radial thickness of the coating is approxi-
mately 0,8 mm. Befcre coating. ture spacers have been mounted €O
the tube pins (dwg. 84T1-313). and the pins are bent in a hook-
1ike fashion, to ensure elasticity after final potting process.
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Tnzse hooks @
jnside the ccatiag of silastic. The Tuves are then tested, ond
ready for acsembly. They are. as the ncxt ster. meunted into

their proper plece on the smallest circult plate.

The rectifisr units

a
into pairs with 0.5 M ohms voltage-divider resistors aere

)88 . TaoMm
invereas waltagos Sy P ey EdwErns sk S8 untt DAGT 33
se inverse voltage reting for cnc singlie TECTlIiic?y unit OAGY iz a

S e

little too low for safe applicaticn in the power L i
The ring capacitor is me:

250 VDC across and tetween the different canecitor units. and the

outside of the capacitor is insulated with adhesive tapz. The

leads on the osciliator side of the capacitor are soldered O in

a jig.

The impact contact is assembled and shock~testeld.

Functioning will occur at shocks of €0 g. noa-functicning &t shosks

of 30 g.

A1l other components are tested end the smaller types
of metallized paper capacitors are. to save space. stripped of
their wax covering and insuleted with adhesive tape. As & wholc.

and repairs of units are very cumpersome.

The assembly of the complete unit starts with putting
the two circuit plates, 84T1-306. and the spacer 84Ti-307. in &
special jig, orienting the twp plates exactly opposite each other
and tightening the jig. Components are mantally fed into tThelr
mounting holes in both plates. end ends of component icads are
given a 0,5 mm bend along the cireuit before cutting them. The
leads from the smallest circuit plate to the ring capacitor arc
also mounted into this plate. Leads normally have a pressure Tit
into their holes. All leads, later protruding from the uvnit
(generator-, oscilletor- and detonator-leads. as well as a test-
lead from thyoatron grid) are cut 5 cm long. When the mounting
procress has been finished, dip soldering of the smallest e¢ireuic
plate tekes place, with careful control of finished soldering.
The ring capacitor is slid dovm around tkhe wnit, the cepacito:
leads being matched into the holes in the large circuit plate,
and leads are cut. After dip soldering of the larger plate
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(oscillator end) and nend-scldering of Uie Zeads doom Uhe

smallest circuit piate ounto the ring cocpasiter, the unift is e ady

for testing.

The perfcrmance cf the amplifizr uuit

by applying simuloted generator voitages from an

i

through a special multipie-

zecondary transformer

(
{

and obscrving the ssnsitivity both as a function of generator
frequency and cf signal frequenc

fied limits (sensitizing frequency between 2000 and 2300 ¢fs, pRak
£

process may siarte.

The insulated spacer, ouTi-311, is s1il Cown on the
protruding leads from the large circuit plate, snd the it is
assembled into the amplifier housing, ecch of the ¢ leads passing
either through one of the feed-throughs (5 leads) or through the
ground screw, which is bored. Beeswax is dripped oun the feed-
throughs from the outside, and the unit is mounted into the
amplifier potting jig. The amplifier housing is now potting-

&

tight on the closed end. On the open end, the five generator

leads and the thyratron grid lead protrude. Around the generalor
leads is mounted the nylon lead positioning sigture &4Ti-312,
with its top surface exactly in plane with the top of tha amp
fier housing. The five 1eads have to he manually bent to acoom~

=
l'.:r-

modate the positioning fixture. A short test procedure felilow

=
[0}
-
cl
O

ensure that no short-circuits or hroken circuits have beon intro~
duced.

Potting of the smplifier unit 1is parformed at room ter-
perature with Araldite D. During the room temperature pouring,
vacuum at 100 mm Hg is emplcyed until tnit is filled with resin.
After pouring, a polyethylene center plug is placed on top of
the oseillator tube cavity in the housing, and room iecmperature
hardening for 18 hours is allowed. After this time, the Jjig is
dismounted and is ready for a new amplifier, the hardened empli-
fier is given a further room-temperature hardening, and after a
total of 48 hours the potted eamplifier is reacy for test. During
this test, points on the btand-pass characteristic are lcgged, as
is also the generator sensitizing frequency. In addition, obh~
servations of linearity and cenerator frequency ripple (normally



_35 e

insignificant) ar

(v}

iogged. Having sreccessfully pa:
the amplifier is stripped of the thyratron grid 1

cut beyond the potting surface, and the unit is
next in~lins stage: assembly cf the oscillator.

3.3% Discussion on quantity production possitlities of amplifier upibs
Quantity, or series production has been rorne in mind
during construction of the amplifier unit. Due to the speezific
100% testing cf all components and .. o Ll

-5t
s
8]
©

stages of assembly, the lebour hours per unit are considerab.
‘The estimate of pilot production prices is as shown in fahie 3.3%

Table 3.31

Pilot prices (incl. overheads)

Mechanical parts - cost of material N.kr. 10,
" F H " Jabour W 85
Electronic parts - capscitors N.kr. 100,10
resistors i 79
rectifiers " 12,40
cirecuit plates H 2y~
tubes 3 2745
plasties o 3.30 153 44
Electronic assembly - labour n 25~
Testing ancd control e i O
Total pilot price  N.kr. 223.-

The total pilot price from table 3.31 is obviously high,
one of the main causes being the high price for the ring capacitor,
£4-13-6, or N.kr. 93,50. In series production of at least 2000,

5 similar calculation gives a total unit price, including overheads
and profit, of N.kr. 200,-. The ring capacitor is in this case

estimated at £ 3-0-0, as this production rate will still be very
low for a capacitor manufacturer.

As to production fecilities, there are no very critical
operations in this unit. After jigs have been produced, a few
days! introduction will enable non-skilled workers to do the worg.
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Many operations in the technclogical field are new for tle
Norwegian radio industry. However, with the rapid advance of
knowledge of printed circuits, dip soldering and plastic encap-
sulation, no difficulty should be enccuntered in sub~ccatraciing
these units to an ordinary domestie radio mamafacturer.

The R.F. oscillator uvnit

The R.F. oseillator unit has a doutrle missicn. It is
intended for transmission of continous waves in the Irequency
region near 140 Mc/s, and the circuitry is so constructed as to
allow received signals, reflected from the ground, to combine with
the transmitted signal. This combination takes piace in tac pLate
circuit of the oscillator. When the relative velocity hetween
fuze antenna and reflecting medium is v (m/s) end the free-space
wavelength of the transmitted signal is A (m), the refiected
signal will have a frequency shift relative to the transmitted
one, the shift value being

fp = gxz (c/s)

Due to the special non linear working conditicns of the
oseillator, a reflected, frequency-shifted signal will give rise
to a low frequency component in the plate current of the oscillator
tube. This current variation, still of frequency fD' is converted
into a voltage, end is fed into the input of the amplifier. A
different way of explaining the functioning of the oscillator is
as follows. The oscillator plate current depends on the instent-
aneous load on the tank circuit. Ia free space, load is constant.
and load impedance equals that of free space (377 ohms). During
approach to the target, load impedance will vary in a pulsating
manner, as the fuze antenna will now be influenced by its own
image behind the reflecting surface. Accordingly, the pulsating
load variations will again cause current or voltage variations in
the plate circuit of the oscillator.

Characteristiecs of unit

After this brief introduction to the oscillator unit, w-
will study the assembly a little more in detail. From 84T1-308



will also be seen the oscillator circuitry. The tricde tute

DC69 is oscillating by means of a Colpitts coupling, consisting

of a coil and the interelectrode and leakage capacities. The
plate is RF-grounded by means of a decoupling capacitor, and the
cathode (filament) is hot due to the two R.F. chokes. The fuze
antenns constitutes an unsymmetric, troad-tand short dipole. One
part of the dipole is the housings of the power unit and of the
amplifier unit of the fuze. The other part of the dipole is the
fuze base and the shell Tody. Thecse two dipole halves are separ-
ated by the insulated antenna gap; a polyethylene Tody in which mect
of the oscillator circuitry actually is situated. This antenna

is coupled across part of the oscillator tank circuit by a ceramic
capacitor. The combinations of optimized working frequency, piate
load resistor and tightness of antenna coupling was determined
experimentally. To obtain the highest value of antenna resis-
tance from this short dipole, the highest practicatle frequency
has to be employed. However,at frequencies above appr. 10 Mc/s,
the triode tube employed hes a very rapidly decreasing output
power, so a compromise frequency has to te chosem. The frequency
chosen for the oscillator is situated between 136 and 138 Me/s.

As to the plate load resistor, a low value gives high plate
voltage and high Doppler current sensitivity, that is high values
of anode current variations due to antenna impedance variations.
However, the Doppler voltages will be low. At extremely high valucs
of load resistor, Doppler current sensitivity falls off, but
Doppler voltages may still be high. However, excessive micro-
phony in the tube may cause noise in this case. A good compromise
seems to be ottained with a load resistor of 8 k ohm. The oscilla-
tor plaie feed voltage is 97 volts, and the plate current is about
5,25 mA, giving an actual plate voltage of 55 volts. Eigure 3.4
shows the oscillator unit during production. The tute is

situated in the deep cavity in the amplifier housing, the rest of
the components are partly catacombed into the Modulene oscillator
mounting plate. The four R.F. chokes, two axial and to transverse
ones, will bte clearly seen, as will be the Modulene hobrin for tihs
coil, the triple decoupling capacitor and the antenna coupling
capacitor.

The fuze body, which is actually at a high DC-potential
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being directly ccnnecied through R.F. chokes to the thyretron

plate, acts at the same time as the “hot" sntenna termirval, whi:e
the "cold" end of the tank circuit is dircctly cenneated to the
ground screw in the amplifier hcusing.

The whole oscillator compartment is, after assembay of
the fuze base with the antcrna ring around 1%, embedded intc poly-
ethylene. This has been made possible by utilizing the fact th
the softening point of pclyethylene is scme 3070 e
of Super-modulene.

a
wer than thet

Drawings and detailed schematic dingrams

The oscillator unit, being direcctly tuilt on to the
amplifier unit, contains very few mechanical perts. Drawing:s
84T1-401 - 404 incl., show the three main plastic parts. Ziguze
3,42 shows the parts list for the oscillator unit, and it should
be compared with the circuitry of the oscillator, shnwn earlier
in dwg. 84T1-308. This unit being very simpie and self-explene-
tory, further comments on the circuit are unnecessary. Figure 3.43
shows all the mechanical and electronic components of the oscilla-

tor unit.
Description of pilot production

The first stage in pilot production of the cscillator is
embedment of the sutminiature triode tube. The compcund most suit-~
able for this purpose has shown to be "NOPCO Lockfoam™ with a
density of 1l 1bs/cu.ft. After testing the tube, Leckfoam is
mixed, and the tube is dipped into the foam mix. Fecllowing imme-
diately on this, the tube 1is placed into the emplifier housing
cavity and clamped securely by means of a special flat spring.
After a few minutes, the plastic foams, and fills completely all
available space between cavity walls and tube tody. The shock-
resistance of this construction has shown to bte very satisfactory.

Next comes the assembly of the two axiel R.F. chokcs.
These are soldered to the leads from the amplifier Tty means of
hollow rivets, as will be clear from dwg. 84T1-30%, The oscilla-
tor mounting plate, already injection-moulded in Modulene, is
secured to the screws already protruding from the finished ampli-
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fier housing. The coil btortin is wound with | mm dia., bare TOPP
wire, 5 1/2 windings, and a tapping is prepared at 3 1/% windings
from the bottom, or ground terminal. The two trensverse R.F.
chokes are now soldered into the circuit in their catecombs, anc
connected to the filament pins of the tube. The coil is pressec
into the key in the mounting plate, with the grid lead of the tupe
through the axial bore, and the two ceramic capacitors are assemn-
led into their proper slots. Finally, solder coanections to thesc
parts are performed menuelly, and the oscillator unit is now reacy
for its first test. With the generator leads from the amplifier
housing connccted to the special test transformer mentioned
previously the oscillator shall be active with a working freguency
of 175 + 3 me/s. This is the only test necessary fer the osciila-
tor unit at this stage.

The erming shaft tute (84T1-4O4) is mounted into the rasc
with the worm assembled into it (see later description of hase
assembly). After assembly of the fuze base, the embedment of the
oscillator unit with polyethylene tekes place in a special jig.

A test of oscillator frequency is again made at the test rench,
and now the correct frequency is 146 Mc/s. The oscillator
section, now combined with the emplifier and the fuze base, is
now ready for combination with the turbine/generator.

Series production possiblities of oscillator

As soon as suitable moulds for the plastic components
have been machined, series production of parts is very easy.
The assembly of the electronic part is not very critical due to
the catacombing of components, but the unit is not well suited
for automatic production. Hand labtour is involved throughout, end
a minimum total time of 2 hours has to be reckoned with.

With regard to prices for this unit, the following
table 3.41 shows the estimated prices for pilot production.
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Table 3.'+%

Pilot producticn prices of oscillater.

Mechanical compcnents - materials N.kr. 14
" " - labour " Dy
Electronic components - tube L 124713
i L - capacitors " Y. 25
" i - latour I 20,~
Testing T .
Total pilot price @_k:, ‘4E;1

a—

In larger-scale series production of minimum 2000 unit
a rough estimate gives a production price of appr. N.kr. 35.=
ineluding overheads and profit.

Further reduction in oscillator price would only be
possible bty introducing printed coil and oscillator circuitry, as
well as dip~soldering of oscillator components.

3.5 The fuze bage with armineg and explosive devices

The base pert of the fuze has a series of functicns,
which are briefly explained here. This part comprises the cuter
encapsulation around the oseillator unit, end contains the arming
rotor with an electric detonator, & firing channel leading from
the detonator into a booster charge, and finally the hooster cup.
Bore safety of the projectile is ensured by the special type of
arming rotor employed. The fuze base is threaded into the pro-
jectile, and the normal threads for the PD-fuze, as well as the
normal booster cavity in the M43 projectile are empleyed.

3.5 Characteristics and detailed drawings of unit

In dwg. 84T1-2 is shown schematically the functioning
of the arming device. A worm described in chapter 3.2, driven
via the arming shaft from the generator gearing, engages a WOIm
gearing, machined into one end of the grming rotor. This arming

rotor is equipped with an eccentzic bore, in which is situated

the electric detonator. The composition detonator is electrically
fed with one terminal to detonator housing, the other to a
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contact pin in the detonator end. In suiv position, the

cccentric bore with the detonater is situated with a 5,3 mm
rotor wall of Dural separsting it from the booster lcad-in, andé
the arming rotor worm gear engages the arming worm. Ey means of
the arming spring, the detonator pin is pressed egeinst the Duras

body of a fixed contact assembly in the btase rotor cavity, there-
by shorting the detonator effectively in the safe position. Uyorn
firing, the arming shaft rotates, and after arming time has
elapsed, the rotor has turned 180 dcgrees, waereupon the de tena-
tor pin jumps into the insulated rivet in the contact assembly.
This causes the whole arming rotor to jump forwerds, pressed vy
the arming spring, and the worm gear disengages. The insulated
rivet and the detonator pin close the electrical connection to
the detonator, and the fuze circuit is completed. The firing
capacitor in the A.F. assembly chargcs. and screen grid voltage
rises gradually to a normal value with 2 time constant of 1 scconsd.

In fieure 3.5] are shown the different components of thic
arming rotor assembly, as well as the mechanical perts of the
arming train. Drawings 84Ti-f01 - 509 show the details of this

complete sub-assembly.

Descriptions and specifications for the composition detonator

The composition detonator, which is a typical speclal
component developed for application to this project, will e
described in greater detail.

As will be seen from dwgs. 84T1-508 and -509, the
detonator consists of three metal parts; detonetor pin and detona-
tor ring, separated ty en insulating nylon filling an¢ called 1the
composition mix assembly", and the detonator tube. The latter is
folded over the ring as the final production step. The groove
between pin and ring is filled with a conducting composition being
composed of lead styphnate and graphite (5%). A rather high f£il-
ling pressure of 3500 kg/cm2 is desirable in order to obtain
uniform resistances.

The graphite is of the quelity E 1 a from Skandinaviska
Grafitindustri A,B, Sweden. The specifications are:



Ash coutent: mex. i,%%
Fineness: at least 9%i passing ¥o. 200 standard SiCviL .
The lead styphnate ia prepared in & laboratory seaic

ty precipitetion at 75°C frem a megnesiun stypanate scluticn.
This product should meet the following epec

Generals It muzt ©e in the form of & bright yeliow
oximately

particles, grit, foreclign n
visiple impurities.
Lead styphnate: The con
Cy ﬂf )3 g_b. HEO’ must not be
1esa than 98%

of leed stypnnzte,

-]

)

Lead: The lead content must not exceed i, 57,

o

Insoluble matter:s The matter 7 scivile za 2 200
soluticn oi ammonium acetate must
not exceed 0,0%5%.

Bulk density: The bulk density must notv te less then 1,k.

Sieving requirements The material must not be capable
of passing a Nc. 100 Eritish
Standerd Sieve. It should have
good freeflicwing properties.

The detonator tube is fililed with 100 mg tetryl and 20
mg lead azide, Poth being pressed with %00 kg/cmg. The outside
of the ring is rifled before the folding cperation in order to
secure contact between ring and tubing.

The tetryl is of ordinary commercial quality. The lead
azide is dextrinated in order to prevent the formation of long,
dangerous crystals. It is prepared by a German method 9) and
should meet the following specifications:

General: It must be in the form of a white to buff
powder, composed of aggregates frece from
needleshaped crystals heving a maximn
dimension greater then 0,1 mm, end free from
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production.

As to ignition speeificatizns for this de tonator, ©the

T

following data have been specifieds
1) It should not te ignited ny a conbinuous current
of 5 mA.
2) It should always te ignited when fuze is
functicning.
The first requirement is set forth to insure safety ezgeinst
ignition due to the firing cepacitor chaerging current of peak
value 0,12 mi, having to pess through the detonstor. The second
requirement would usually correspond to an ignition ecnergy of
20,000 ergs, the firing capacitor discharge energy at Cisposal
through the thyratron firing. However, as greet variation ot
fuze performance may he expected on this point, 3t was desiratle
with an ignition encrgy of only 2000 ergs.

Lyt

The necessary static current for ignition of detonactors
with various resistonce is tabulated pelows

Table 3.%51

Resistance, ohms ¢ 100 200 300 100 500 o500 1000 {200
Static current, mA: 58 36 24 19 13 11 10 9

Estimeted encergies corresponding to 1, 50 and Q9? pro-
bability of ignition is tabulated below:

nge of the finished detonacers

—
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These results are very satisfsatory. Tb willl however e Dellinonid

later in some detzil thet® a consideratvle inoyvesse of Tha fanitis
energy has to be expescted Ty rough hondling end aluey ateroge
under unfavouratle conditicns.
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our standard shock machine. A% the impact the detonator wes sute
jected to a deceleration cf 10.C00 g's. This shock resulsed i on
inereased detonator resistarce. CFf 4C trisls the maxizum inorenso
was 100% and the average 30;. Repeated shocks resuited in furthow
increase. After three shocks € o

f 40 detonators showed o resis-
tance greater than 1000 onms and 3 an unstabl

The ignition energy of € ators germe
increased, but none of them required & higher cnergy than 1500
ergs. The tubing of some detonatcrs with high o
tance was removed and the resistance of t©
measured. It was found that an unstable resistance always was dre.,
to deficient contact between ring and detonator tube, and tha
most cases the increase of the resistancc of tic conduatbing com-
position was very moderate. These ccnclusicns wore pased on ine
vestigations of a number cf about 100 detonators 4t an eurly
stage of the develorment.

The shock resistence of the detonators wes also tested
by firing the projectiles horizontally into a2 case of twist,
With all increments of the cherge the increase of the resisteuce
varied from O to 30 ohms for four detonators with original resis-
tance from 80 to 150 ohmss

It may be concluded from these investigations that the
'detonator is capable of standing the setback feowce during firing
which corresponds to an ecceleraticn of meximun €000 g's and the?i
even if the rezistance of the detonator by grecater or repeatcd



creased, put all the dectonators, including the unstaniz onus;
vere igrited by an energy of maxisian 1600 ergs.

M 8 g oY Gk o A o T L - TR [ R R R T T
The i1piluence ol ‘fl‘..l}" Liny o4 toae C2omiators wesE in-

vestigated by keerln

The first storage lested 30 days and comprised 30 dolenmnifors.

s

Only the ignition energy after the storare was mectsured, The
energy correspending to QOf wwobability of fpuition wes estipntud
by a Ystaircase method® to 950 ergs, the staudard deviniiom

K7 of this cstimate being 737 ergs, whireecs ot The previous

trials an energy of 405 eregs was Tound corvespeading to She sanc
probability. A seccond storage listcl? 75 Goys and comnriced QO
detonators. The resistance was measurcd, 2nG a morked INCIUaEs
was ag@in appercant. Seven dstoneinrs showed a registence greste:
than 000 ohms (maximum 3300 ohms). the originnl resictance varyins
from 75 to 300 shms. The ensrgy corresponding =i SCH wrerapiillty
of ignition wes estimated to 975 ergs with 2 stendard cevietion ol
50 ergs, a result giving no evidence of fvrihsr inercose of the
ignition energy by prolenged humid storaga. Ag g final tect e

few detonators were placed under water for 2+ aours ond suk-

£

sequently ignited at an energy of maximun 7000 erga.

The rest of the firing train

s

Becides the composition detonetor, the firing tral

e
o

consists of the erming rotor, booster lcad and booster pell:

With the acmilne roter in the gsafe positica, the detonn

tor is seperated from the booster lead by the 7,3 mm Thick rotor
wall, Initiating trials with & simplified modei cf the evplosive
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train have been carricd out in order to examine the necessary
wall thickness, and these trials indicate that with the doubie
amount of tetryl filling in the detonator, a wall thickness of
only 2,5 mm will effectively stop initiation of booster lead in
all tests. Trials have also been made with the fuze fixed to
the shell. The arming rotor was placed 450 out of the safe po-
sition. As expected no initiation of the tooster was ortained
out of the 20 trials. By actual firing of the projectiles pre-
mature igniting of the detonator has occured due to electronic
failures, without initiation of the tooster.

With the erming rotor in the zrmed position, the deto-
nator is separated from the tooster lead by only 0,3 mm of the
rotor wall. Initiating trials with the simplified model of the
explosive train were carried out in order to determine the meximum
wall thickness giving initiation of the tooster. With 807 of the
normel tetryl filling in the detonator, 7 out of 7 tests gav
boostcr initiation through a wall of 1,0 mm Dural. The results
indicate that the dependabhility of the explosive train is satis-
factory. By actual firing of the projectiles no indication of
non-functioning of the explosive train has been otserved.

The hooster lead consists of about 30 mg tetryl com-
pressed with 900 kg/cm2 into the threaded hole in the fuze base,
and filling is covered with shellac.

The booster of the original impact fuze M52 is a 15 g
tetryl pellet. In the NDRE-fuze the threaded part of the fuze
base is so large that a normal booster would advance too far
into the cavity in the projectile. In order to setisfy the
requirement of interchangeability the size of the hooster had to
be reduced to 11 g. Bursting trials have indicated that this
reduction does not affect the high order detonation of the main
charge.

Pilot production of the tase assembly and completion of fuze

The fuze tase is the only mechanical component of this
fuze which requires tolerences difficult to achieve during pro-
duction on a smell scale. The mechanical parts are made accord-
ing to drawings, and half wey through the machining processes,
the Supermodulene ring is moulded onto the Dural back basec. The



rest of tue hase machining is then cerried cut, and the coupomaiut
is controllecd carcfully, esnceinlly as to the digrce of cngage-
ment tetween the worm ead the worm gearing on the arming rOLOT
A threaded hole in the side of the hase ensures contact to 2

gronnd lezd to be connccted loter. The fixed cortact essenbiy

84T{~-502, is complebed, pressed into positicn in the hase, and

g spceial 4 mm rivet is inserted from the "oscillator cavidty! in
the base. The base worm, 84Tf»20@, is mountcd into the tute,
84T{1-L40%, and these two parts pressed into the fure hosc. IF

tube aets Toth as a heariag for the worm and as a gaard later
during encapsulation, to prevent p_¢wﬁtnv1e1b entering the arming
chain. The top of the tube is cutcmoticelly rressed tighly into
the oscilletor mounting plate during assemnly,

£ the

1!’ Rl
}lCh.'-_ e

The tase is now cssembled to the oscillator c¢nd
finished emplificr, end the two leads from the axial R.F.
are conneeted to the base, one by the grcund screw with a spring

0O QO

washer and one ty soldering to the insulsted rivet in the fixec-
contact assembly. The free cnd of this contact assemhly is coated

-

by besswax-dripping. The zntenna ring is secured to the empli-
fier housing by meens of the amplifier retaining ring, 84E|n302,
shown earlier. The oscillator is now tested as to activity, and
the final oscillator embedment with normal, highpressure n:ly-

ethylene follows by injection through the 5 mm bore in the sice

of the antenmna ring.

The combined amplifier~oscillator-base unit ic now
joined to the generator unit, after first mounting the erming
shaft into its position through the amplizicr. Connections froz
erming shaft to worm and werm geer in both ends are self-centering
by splines. The generator is positioned down onto the amplifier
unit by two nylon positioning pins, and the five leads from the
amplifier will, after having bteen cut to the correct length,
engage their proper holes in the generator contact essembly. I
already the five generator connections protrude radially, A Crop
of solder is heated onto each of the five connecticns, and genera-
tor leads are cut. Molten beeswax is then dripped into these
holes, and the turbine housing is firmiy secured around the gene-
rator unit, pressing this unit on to the top of the amplifier
housing.
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A complete electrical. test with the foge in 1tz present
tate is no arried ouvlt, A duvmmy detonator, made of taksiite avd
containing a ’,? chms recsistor, which cicses The cantacet fram

iring cevacitor to thyratron plate, is inszrted
roteor cavity. The fuze is inserted into the test box, enyiier
shown in figure 2.13, and the seasitivity of ths wit 1s cheervod.
If the an51t1Wu+v, at three diffewent tests, is found %o remzin

between 3,0 and 4.5 reletive vnits, the M= is provizicnaily

i

accepted, it is then shock~tested 2t 8000 gts, and box-tested
once more. Having egain passed this test with tne same sensi-

tivity as befcore, the fuze is f*‘u*ly acccpted, and no further
tests are performed with it until Sdring. Atop of the thrcaods

on the amplifier housing a vthin layer of Aralcdite D is aopiica to
lock the turbine housing and the retaining rirg.

-~

The last mechenical operetion includes compietion of
the arming and firing train. The detonator 1s praduccd by
pressing the c.i...tinz composition mix descrived in siction 3.97
into the groove of the *mix assembly® in a spcecial jig. Ccrno.
sition fesistance is measured, and assembly is discariel if
outside tolerance limits 7% end 200 chms. The detonator ture is
filled primerily with 100 ng tetryl end seccndarily with 120 g
lead azide, pressed into the tute in a jig assembly.

The compesition ring in the mix assembly is rified cn
the outer surface in g special tool. The ring is preased into
the filled detonator tube, and the laliler folided over the nylen
filling in the ring. The dstonator unit is then ready for testing
and subsequent mounting, and is inserted into the srming rotor with
the detonstor pin extending outwards.

Into the firing channcl is pressed = filling of 30 ng
tetryl, tooling pressure 900 kg/cmd and the filline on the bocster
end is covered with shellec. The bocster pe1let pressed frem 19 g

tetryl, tooling pressure 700 kg,cmg, is further prcduced and in-
serted into the roostecr cup.

The arming rotor with detonatcr may then be insertoed
into the bore in the fuze tase, with detonetor eccentric from the
booster end. A missing tootir on the erming rotor, fitting a
"bimple" in the fuze base assures the correct, safe positicil.
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The arming plug with its spring is tightened and secured bty a
layer of mica-filled Araldite D.

Immediately before firing, the tooster cup with pellet

is assembled to the fuze, and the fuze threaded into the projec-
tile body. This last precaution has always been taken during
pilot production, although in series production the complete round
will be packegzd ready for firing, at the sssembling menufacturer

Quantity-production of btase section

The basc pert is after the necessary tooling has been

made available well suited to production in larger series. &
suggestion of the pilot production prices will be seen fronm
table 3.51.

Table 3.51

Pilot prices of base section and completion of fuze

Mechanical parts - materials N.kr. k,-
labour " o€, -

Lssembly and testing of detonator " 3,-
Plastic moulding of unit " 6,~
Electronic completion of fuze - labour b D=
Testing " 19,
Total pilot price N.kr. 59.-

It is assumed, that during larger series production of

for instance 2000 units, a unit price of N.kr. 40,- may be

achieved.

involved,
industry.

As to production facilities, chiefly mechanical work is
and this is easily done ty the precision mechanical
The laboration and testing of detonators may most pract-

ically be performed at Reufoss Ammunition Factories in Norway,

whilst the electronic completion of the fuze should be performed

at the same plant which assemhles the rest of the electronics for

the fuze.

i

=2
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The whcig integraved fuze viewsl

b S S i S A N1 5

as_one unit

Tn this lacst scection of the descriptive chapter, some
considerations will be prescnted on the compiete fuze as to pro-
duction prices, production facilities and possitle points where
advantage may pe gainzd by simplificetion reducing the total
fuze price:

Total producticn price of fuze

From the preceding chapters, a production price is esti-
mated for each sub-cssembly, including overhecads and a normal pro-
fit. Tn table 3,61 is given a survey of these production prices.

Table 3.61

Estimated producticn prices of fuze

Generator unit N.kr. 85,-
Reduction gearing assembly " 10,~-
A.F. unit 9 200, -
Oscillator unit i 35,~
Base, final assembly, testing it 40,=

Total production price _N.kr. 370.-

This price estimate is hoped to be approximately correct
provided a series of at least 2000 fuze units. It might be very
interesting to compare the price of a VT-fuzed projectile M43 with
a PD-fuzed M43. Norwegian production prices for the PD-fuzed
mortar projectile M43 are N.kr. 75,- for the shell body, and
N.kr. 25,- for the fuze. Accordingly, a PD-fuzed M43 costs
N.kr. 100,-, while a VT-fuzed shell will be priced at N.Kr. b5, -,
In other words, a price increase factor of 4.5 has to be accountec

for by savings in transport, increase of firing effectivity and
savings in necessary manpower.

Production facilities as to different sub-units in Norway

Here will be summarized our views on production facili-
ties presented during description of the different units earlier
in this report.
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The pechenical c¢omponents may ce readily produced by sub-contrac-
tors from the civilian industry, or possiply at Raufoss Ammunition
es., However, for series smaller than 5000 fuzes, it is
at the Chéap@Su ond most time-saving solution will be
bly to maay industrial firms, collecting
npcnsnts at the radic plant in charge of the electronic
lics., The eleckronic sub-assemblies of the generator,
o, oscillator and pese units may be performed in a special,
clcsed Cupartment of one of the domestic radio manufetturers',
new plant orgenized fully for fuze produc-
tion, employing f.ex. appx 50 workers. This plant would then be

or most prcferaDLW in

5]

able to produce a guentity of approximately 20 fuzes per day, or
the estimated 200C-series in between 3 and 4 months' time. The
explosive assembly, as well as final inspection end sealing into
containers would preferably at 211 events be performed at the
Raufoss Ammrunition Factories.

Advantages to be gained by possible technological simplification

From tabie 3.6% it will be clear that the production
price of this fuze is high. There are three units where prices
might be drastically reduced by redesign. The generator unit,
with estimeted production price of N.kr. 85,-, should ty extreme
simplification and utilization of cheap, non-critical parts be
able to be produced at K.ku. 2%.,= per unit. This simplification
must then include change-over from roller bearings to Oilite
bearings, as well as eliminaticn of the critical tolerances of
the unit, especially the position of the rotor in the stator
leminations. By elimination of the ring capacitor, and by still
more mechanized production in the gmplifier unit, this unit may be
redesigned to cost approximetely N.kr. 180,-. The oscillator unit
might likewise be simplified Dy application of printed R.F.

wiring and mechanized production, and mey end up with a production
price of N.kr. 20,-. In total, the results of a simplification
and mechanization program may give us a production cost of

N.kr. 250,-, still retaining the same main design features as

presented earlier in this chapter.
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Naturaily, a siwmpiification program ceonnected to this
fuze program is more than an economical one. A reduction of the
close toicrancecs. for example, weuld enatle mcre "common" mechani-
cel plants to cooperate as sub-contractors. A rush production
might also be realized in emergency cases, by taking edvantage
of the pcssibilities of sub-contracting down to the individual
components. This wozld meke a very short *dead time" from start
of off-line producticn until the first units are ready for firing
possitle. '

TFST SPECTFICATIONS FOR THE NLRE MORTAR FUZE

These specifications are set out according to the recom-
mendations in annex to NATO document AC/72-D/37 from the L0/70
ammunition panel(11).
omitted, due to the fect that there are significant differences
between 40 mm AA fuzes and VT-fuzes for mortars. Some specifi-

Some cof the specifications have been

cations have also been added or modified. The tests have all
successfully been perfcrmed with the NDRE fuze, with exception

of the climatic test, which has not been possible to carry out due
to lack of a suitable climatic chamber, and the 8000 g's shock
test, which has up till now been performed at 5000 g's, due to
certain weak points during the pilot production.

a) Test of fuzes alone

Drop in a 30 kg steel block on to a steel
anvil from a height of 3,7% metres, with a re-
bound of 30 per cent of this heights

L fuzes ncse down
4 fuzes sideways, arming plug down
L4 fuzes base down.

Filled fuzes are to be used, but the hooster
pellet may be replaced by 2 wooden pellet.

Results to_be ortained: During this test
fuzes mest NOT function. After this test fuzes must
te safe to hendle 2nd to fire, but need NOT
remain "serviceable".

Total test queantity: 12 fuzes.
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b) Deat of feses 2+ 8 pornléets »ommad

Drop 5 rounds nose down, guided to assure
verticall¥7. cn to an armoured plate from a
height of 10 metres. Filled fuzes are to be
used, but the booster pellet may be replaced
by a2 wooden pellet. Primers, cartridges and
supplementary charges, as well as shell
fillings are to be replaced by inert meterials
to mez up the correct weight of the service
round.

Results to_be obtained: After this test
fuzes mtst e safe to handle and to be disposed
of. No explosive element shall burn or detonate.
The fuzes need NOT remain U"serviceable'l.

Total test quantitys 5 _rounds with inert
fillings.

Vibration tests

Virrate

4 fuzes base down

Y4 fuzes sideways, arming plug up

4 fuzes sideways, arming plug horizontal
at 1,5 millimetres out to out at 20 cps for 8 hours. The fuzes
are to be 2t ambient temperature. Boosters will not be fitted.

Results to be chtezined: After this test and the tests

in 4,3 and 4,4, fuzes must remain "serviceable", according to
4,7 and 4,8.

Total test quantity: 12 fuzes.

s, 4 Lt oA —

Climatic tests

The 12 complete fuzes, tested according to 4.2, with
boosters assembled, are to be cycled in climatic chamier for 7
days between -40°C dry cold end 60°C at 95% relative humidity,
each climatic setting lasting for 12 hours.

Results to be ortained: After this test and the test
in 4,4 fuzes must be "serviceable" according to 4,7 and 4.8.

Shock tests for functioning

The fuzes having been tested according to 4,2 and 4.3
are to be shock tested in a bumping machine, giving 8000 g's
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by drop from an elevation of ¥ metres ageinst an oil-traked piston.
The boosters are to be unscrewed,

Results _to be obtained: After this test fuzes must be

nserviceable® according to %.7 end 4.8.

unctioning tests of explosive train

i0 fuzes in the ermed position, wit: firing leads
connecte . to the detonator, are to he mounted in TNT-Iilled
shells complete with booster charges. The rest of the fuze except
for the base part may be replaced bty a dummy with the seme weight.
Shells and fuzes are kept at -%0°C.

Results to be obtained: During this test all explosive
elements must deteonate.

Totel test quantity: 10 rounds with modified cdetohator
and fuze.

Non-functioning tests of expiosive train

10 fuzes in the safe position, Tut with the arming
rotor being displaced HSO mechenically from the normal "safe"
position, are to be mounted in TNT-filled shells complete with
booster charges. The rest of the fuze except for the base part
of it may be replaced by a dummy with the same weight. Shells
and fuzes are held at +60°C. Detonators are fired electricelly.

Results to be obtained: During this test no explosive

element beyond the detonator must burn or detonate.

Total test quantity: 10 rounds with modified detonator
and fuze.

Standard sensitivity test

The 12 fuzes tested according to 4.2 and 4.3 are to be
mounted in the standard sensitivity box, after booster cup and
firing channel filling have been critted, The sensitivity box is
fed with a 100 cps signal, 15 V rms. The generator is driven to
a speed giving 2500 cps electrically (37500 rpm), whilst the
arming rotor is replaced by a dummy rotor, having 3000 ohms
resistance internally and being firmly connected to base.
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Results to be obtained: At least 9 out of the 12
fuzes will show a standard sensitivity between 3,0 and 4,5.

No fuzes shall yield a higher sensitivity than 6,0.

Firing test

The ¢2 fuzes, having pessed the tests according to 4.2,
4,3 and 4.7, are to be mounted in complete rounds with refilled
firing chennels, remounted boosters and TNT-filled shells. These
12 rounds are fired above sea2 water with a mortar elevation of 65°,
5 charge increments being provided. At least 8 rounds shell
detonate in a height of between 4 and 8 metres.

RESULTS OF PROVING GROUND TESTS WITH THE KDRE-FUZE

A total of 16 different fircld tests with firing or
airplane dropping of fuzes or components of it have been per-
formed. In %able 5.1 is given o short summery of the intention
with the tests, while the results are discussed in some detaills
further on in this chapter.



Nr.

10

11

12

13

14

15
16
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Table 5.1

Summary of fuze field tests

Date Intention Tested specimen
19/10-53 External-ballistic stability 33 dummy fuzes
8/6 -54 Turtine-generator tests 4 generators dropped in
dummy tombs from plane
17/2 =55 Turtine-gencrator tests 5 rounds with generators,

dropped from plané

15/3 - 55 External-tallistic stability 6 rounds PD-M43A1
12 rounds dummies with
generators

29/3 =55 External-rallistic stability 10 rounds, shells with
different shaped fuze

27/% =59 Externel-pallistic stability 12 rounds PD-fuzed Mu3Af
10 rounds with modified
fuze shape ;
27/€ -55 External-ballistic stability 13 rounds modified shape,
of these 5 generators
telemetered types :

5/9 =55 Noise studies during flight 3 VT-fuzed rounds
14/9 -55 Noise studies 6 VT-fuzed rounds

3 electr. impact rounds
29/9 -55 Functioning tests 4 VT-fuzed rounds,

2 electr. impact rounds
17/10-55 Functioning tests 2 dummies with oscilla-

tors

6 VT-fuzed rounds
16/2 -56 Funtioning tests © dummies

10 VT~fuzed rounds
27/3 =56 Functioning tests 4 dummies

8 VT-fuzed rounds
12/7 =56 Funetioning tests 10 VT=-fuzed rounds
4/10-56 Functioning tests 20 VT-fuzed rounds
17/12-56 Functioning tests 23 VT-fuzed TNT-rounds

From tatle 5.1 will te seen, that the proving ground
testsmay be classified into 4 different time-phases. Tests nos.
1-3 indicate the preliminary studies of the power unit, and the
results of test no. 3 starts the gxternal-ballistic phase. This
section comprises test nos. 4-7. Then tests nos. 8 and 9 charac-

terize the wotbulation phase, where noise due to wobtulation of
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the turtine-generator wos studied. A&n finelly, tests nos. 10-16
are firing tests for functinning. 4part from these proving ground
tests with fuzed projectiles, Lgrminal tallistics tests have been
performed, to determine the optimum rurst height above different
terrains.

At ths very first start of the project, a preliminary

i
sketch of the shape of the fure was made, and a rough estimate as
to the fuze weight was likewice made. Test no. i gave the starting
data, that a fuze with the assumed mein ballistic specifications,
would introduce no flight instaebility on a Norwegian 81 mm shell’

type, fired with 2 supplementary cherges.

During test_no. 2, 4 bombs, with turbine-generators in
their noses, and with telemetering transmitters, were dropped frc;
3000 ft. height bty a helicopter. The turbine velocity was record: g,
and preliminary construction data for the generator were established.

Test no. 3 was intended to study the generator wobbu- -
lation during airplane drops of complete 81 mm rounds, with dummy
fuze, turbine-generator and telemetering facilitiles for recording
of the diminutive changes of generator frequency versus time.

The results were rather sed, the projectiles were unstatle, and
tumbled during descent, so no useful recnhriings were achieded.
This test revealed the fact, that the fuzed projectiles were now
unstable during flight, and this would have to be remedied until
further generator data could be obtained.

During test no, 4, we tried the stability by actuel
firing projectiles with generator-powered dummies. Some of the .
rounds had a longer tail than the normal one. However, it wes
again evident that flight stability wes very poor.

Test no._5 was scrt of seeking in the dark for possible
solutions on our protlem of stability. In figure %.11 is shown 2
photograph of the 10 rounds, with different fuze weights and

shapes. Some increase in stability was otserved, this was

achieved by increasing the fuze weight, and thereby shifting
forewards the center of grevity of the complete round.
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The result from test no. ¢ was still an increase in

stebility, espucially on those rcunds where the front end of the
fuze was plane.

And finelly during this phase, test no. 7 indicated tha®
our new modifications rerarding weight,, shape and center of gravity
gave a flight stability at least as good as that of an ordinary
PD-fuzed round.

Proving greound tests nos. 8 =nd Q

Stebility waes ncw citained, and the wobbulation
characteristics of the generator was again investigated. In test
no. 8, we observed thet it was not possitle at this technologial
state, to pass the two difficult points in the trajectoryg imme-
diately after firing and at the top of the trajectory. Noise
signals occurred of a magnitude large enough to fire the fuze.

During test mo. @, 1 out of the 6 VI-fuzed shells
showed a normal proximity-action, 2 were duds, while 3 were pre-
matures. At the same time, the impact contact intended for the
amplifier was tested for the first time, and two out 6f three
functioned. However, this test was the first one to reveal a
normal functioning of the NDRE-fuze.

Proving ground functioning tests nos. 10-16

1t now seemed thet only smaller adjustments and
technological modifications were necessary in order to make the
fuze function on & lerger scale. During test no. 10, 2 VT-fuzes
functioned, and 2 were duds. One out of two impact fuzes functioned.

During test no. 11 the VT-results were 1 functioning,
and 5 prematures. The conclusions were now, that with the sen-
sitivity necessary for optimum height of burst, too much noise,
originating mainly from the geer trains and through the rectifier
section, would fire the thyratron during flight.

A long period of laboratory investigations followed,
until the sources of noise were found and means for overcoming
it were introduced. For test na. 12, 10 VI-fuzes were made
according to the rcsults of these investigations, and the test
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resulted in 4% fuzes functioning, 4 were prematures and 2 duds.
Smaller modifications in the generator construction and in the
amplifier circuitry were again introduced.

The results from test_no. 13 were 3 fuzes functioning,
1 was premature and 4 duds. Still we did not manage to take all
necessary precautions during pilot production, and too many weak
points were izwoldlzllA

Test no. 1% gave a far better result. The 10 VI-fuzed
firings gave 7 functionings, 1 premsture and 2 duds. During
production, however, 7 more fuzes were wrecked after one or more
of the tests, so it was still obvious that we did not yet
manage the pilot production.

Test no. 15 gave as a result, that out of a series of
23 fuzes attempted, 20 passed the final test. Firings resulted
in 15 fuzes functioning (75%), 2 were premature and 3 duds.
The results were very promising, but still constructional
points remained which were not satisfactory, although the

wreckage percentage during production was now very low. Figure
5.41 shows magnification of film recordings for 4 successful
rounds.

Producticn of fuzes for test no. 16 once more showed

a2 high percentage of fuzes passing final laboratory test. From
an original number of 26 amplifier sub-units, 23 fuzes resulted.
The results of firing, however, were this time not very satis-
factory. 10 fuzes functioned, 7 were prematures and 6 duds. Onec
of the duds, however, detonated at impact as intended. The tests
this time were the most realistic cnes, TNT-filled shells were
used for the first time, end 5 of the firings were performed with
charge 5, which gives the very large acceleration of about 5000 g's.
The prematures were partly due to these large accelerations, and
also indiceted noise voltages occurring more strongly then before.
The main result of this test will be, that minor mechanical
changes during firing resulted in unsteble fuzes, and that these
faults will be reletively easy to remedy. Full reports on the
different firing tests are available.



Terminal tallistic hewstis
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As described in section 2.4 it was found by static
tursting of nortar shcllis that the number of casualties py eir
bursts in optirun hcight was increased by a factor of 3,6 for
targets flush with the surface and by a foctor of 7,7 for
targets in medium deep trenches compared with ground tursts.

These

investigatecrs in the cffiecial h
)

)
4

igurcs ere lower than estimatsd by Anerican

! i story of the Of:ice of Scientific
Reszarch and Dcvelopmentti; : t is here beclieved that proximity
fuzes would increase the effectiveness <¢f 81 mm mortar fire by
from ten- to twenty-fold. Most of the investigations referred
to in section 2.4 on the other types of ammunition also resulted
in greater advantage factors than ottained by us. Although
higher figures might be expected on account of the larger shells
used, the difference is unreasonably great. In those trials,
however, where the effeet of blast for the surface burst wes in-
cluded in the evaluation, lower figures were obtained then by us.
It is therefore thought that the edvantesge factor of 20 quoted for
260 and 500 1lbs bomts in the case of men in shallow trenches is an
nverstatement due to disregard of the tlast effect,

The greatest advantage of air bursts is expected on
snowcovered ground where projectiles with impact fuzes are reported
to have only slight effect. As no bursting trials have been
carried out, en estimate of the advantagc factor has to be very
uncertain. It does not seem doutrtful thet an_advantege factor of

20 or_even more, as suggested in section 2,4, may occur, rut as

the factor is greatly dependent on snow conditions and on the tec-
ticel situation, it is very difficult to predict how cften such
high figures will te obtained.

Besides snow-covered ground there are several other
circumstances which are unfavourable for impect fuzes, for Iinstance
boggy land or very rocky ground where oblique impect may ceuse duds.

An sdventage of the proximity fuze which is difficult to
evaluate quantitetively, is the psychological effect. It is well
known that air bursts heve a detrimental effect on the morale of
troops in trenches. On the other side it has been reported verbally
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thet troops accustomed to winter warfare completely neglect mortar
fire with impact fuzes in deep, loose snow. It is therefore
thought that the psychological effect ought to be allowed for in
those cases where the tactical advantage of impact and proximity
fuzes otherwise is equal.

CONCLUSIONS

In this final chapter, some operational analytic points
concerning the possible advantage obtained by applying VT-fuzes
instead of PD-fuzes in certain situations are discussed. Further
the background philiosophy and =&on evazluation of the NDRE- VT-fuze
is given. Lastly, the present stage of development is viewed in
perspective and possible future activity as regards mortar fuzes is
briefly .outlingd. Finelly, acknowledgments are given to
colleagues engaged on the project.

Operational analy.ic views on effectiveness of mortar fire

This section commences with some 2ssumptions as to the
purpose of mortar fire in attack and defence. Then the results
of some computations are given. These computations are based
upon the results of the terminal-ballistic test mentioned earlier
in sections 2.41 adn 2.42 atove, and give the loss percentage
per shell for different turst heights in verious tacticel situation:
For the NDRE VT-fuze, the results of these computations are eva-
luated, and with the sensitivity setting earlier referred to
(section 2.52 atove), the loss percentage per V¥-round may bte
compared with the PD-round. The problem of projectile transpor-
tation is examined by tactical examples, and it is concluded that,
although the range reduction incurred by appliance of VI-fuze is
taken into account, even very small hand-carrying distances will
favour VT-fuzes, thus giving a larger capacity of destruetion
per mortar soldier.

Tactical application of 81 mm mortar fire

The 81 mm mortar is used as a close-range support to
the heavy infantry in attack and defence. Six morters with the
necessary personnel and with trensportation facilities are
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included in the Heavy Weapons Company of the Infantry
Battalion as a Mortar Platoon.

In attack the mortars will be used to neutralize
enemy activities, i.e. to prevent the enemy from firing his
weapons and to reduce the effectivity of his supply lines.
Because of ths lack cf accuracy, the mortars are of little value
when used against point targets, which must be destroyed ty
other menns.

In defence the mortars will give barrage (fire) against
enemy concentration areas and supply lines. The most important
task is, however, to launch such a destructive fire against the
important areas across which the enemy has to advance, so that a
crossing is made very expensive or even impossible for the in-
truder. A task of this kind is called an "S0S fire task".

It is seen that the main purpose of the mortar fire is
to hinder or stop enemy activities, not imarily to destruct him.
On the other hand, this is only achieved if it is made very risky
not to seek shelter from the mortar fire. 1In other words, a great
destructive potential is also 2 necessity. It is also known that
the tactics of some nations is to accept far greater losses than
ordinarily accounted for, and this stresses the importance of the
destructiveness of morter fire in 21l tactical situations.

In future wars, especially in countries like Norway,
motility eand independence of the road system is of paramount in-
portance. Since it is virtually impossible to transport for a
grcater distence a heavy gun outside the roads, this gives the
mortar a still more important role. If mortars are to be
substituted for artillery, ammunition supply lines will be given
an even more difficult task than to-dey. The resupply of ammu-
nition seems to be the major problem to be solved before mortars
can play their full part in modern warfare.

Loss percentage per round, experiments and calculations

Lack of time has made it impossible during this project
to undertake the series of experiments necessary to give an accu-
rate assessment of the effectiveness of the NDRE-fuze.
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The experiments, however, which heve been performec are
deseribed earlier in secticns 2.41 and 2.42 above, and will be
briefly recapitulated here. The general layout was the followings
The targets were wocden rectangles O,k m x 1,8 m and of 1,3 cm
thickness. They were grranged in a square net with sides equal to
5 metres. In one case, called Case B, the targets were placed on
a plane field. In the other case, called Case A, the targets
were placed at the bottom of £0 cm deep trenches spaced across
the same plane field. Mortar shells with an inclination of 66°
towards the ground were fired statically in the center of the array.
The height of detonation, to be demnted by hD, was varied tetween
O metres and 12 metres, and 7 shells were detonated for each hD‘
In each case the number of fragments penetrating the targets were
counted. One penetration in a target rectangle was counted as a
50% probability of incapacitation, two penetrations as a 75%
probtability and so on. The effects of the shock wave has also
been assessed . The expected number of incapacitations per shell
were then computed as a function of hD.

An S80S fire task is usually launched against an area of
approximately 100 m x 100 m, which in the tactical situation de-
seribed above will contain 400 targets. Hence, 4f we divide the
expected number of incapacitations per shell by 400, we will get
the approximate expected percentage of loss per shell inflicted
on the enemy. These percentages will, however, alsn be valid if
concentration of enemy personnel is smaller or greater than assumed
above. Thev may also be applied if it is assumed that the mortar
fire is evenly distrituted throughout the area and that nothing is
known about the distribution of the enemy within the area.

In addition to this, it has been attempted to apply the
results of Case B to make a simple comparative computation of
the loss percentages against standing (erect) personnel, given
as Case C below.

Table 6.11 below gives the results of the experiments and
of the computetions (after smoothing). The percentage of loss in-
flicted on the enemy per shell detonating at the height hD will be
denoted - by phD.
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Table 6.11

Loss percentages per shell

Burst Case A Case B Case C
height 50 cm entrenched lying erect
personnel personnel personnel
»

by P * phD% phD%

(metres)
0 0,022 0,30 34D
1!5 0.307 0!69 3'8
a,g 82753 5'86 2,9
0458 . 2,1
6,0 0,17 0169 14
7+9 0,13 0,55 1,0
9”0 0:10 O’L"? O,?
10,5 0,08 0,39 0,5
12,0 0,06 0,30 0,4

The results of the last column (Case C) must be regarded
as more inaccurate than the other resvlts. It has been assumed
that all the targets are facing the point of detonation, and this
should introduce a correction factor of approximately 0,75. It
has also been assumed that the values of p in Case C are approxi-
mately equal for hD equal to O and to 2 metres. An accurate com-
pensation for the effects of more penetrations of the targets has
not been possible in table 6.11.

From the percentage of loss per shell it is possible
to compute the number of shells which must be fired against the
100 m x 100 m area to cause a given percentage of enemy losses.
In table 6.12 below, the number of shells necessary to cause 50%
enemy losses, N5O' is calculated as a function of the loss per-
centage per shell p. The calculations are hased upon the formula

log 2
N5o - 7 log %1—p5
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Table 6.12
Shell numbers for 50% enemy losses

P Nio

-

753
334
232
177
137
116
97
86
77
68
58
49
43
38
3k
28
oL
21
19
17
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6.13 Comparison between the PD and the VI-fuze, advantage ratio

From table 6.11 it will be obvious that detonation
above ground is favourable for the cases & and B. The specified
setting of the NDRE-fuze, 4.5 metres above average terrain, turns
out to give good results in both cases. '

-



When the percentzge of loss per VI-fuzed round is
computed, attention must be paid to the dispersion in height of
detonation and to the vercentage of non-functioning fuzes. We
will assume that 50% of the proper functioning VI-fuzes detonate
in a height of 4,5 metres, 2% in 3,0 metres and 25% in 6,0 metres.
We will further assume that 8C% of the total number of fuzes will
funztion properly and that 15% will give impact detonation. This
gives the following formula for the percentage of loss Pyp, PET
VI-ruzed rounds

Pyp = 0,2 g 0 * Os4 By 5+ 0,2 P3 o *+ 0515 Pg o

kn evaluation of the VI-fuze must alsou take into account the re-
duced range for a VI-round, 1600 metres, as compared with the
range 2400 metres when PD-fuze is applied.

For the PD-fuzed rovnd, experiments and computations,
ag depicted in table 6.11 above indicate the rather high value of
Ppp = Po,0 = 3,5 in Case 6. As is mentioned above, this figure
must be regarded with considerable reservation. The only other
source of information which has been available is the journal
"Infanterinytt", No. 1, 1951(13); On pege 9 is stated that 80
shells uniformly distributed on a target area of 100 x 100 metres
will cause 50% losses. From table 6.12 we find thet this gives
2 Py 0 equal to 0,86%. This figure is stated as being valid
against living targets without shelter in open terrain. Northing
is said about how the figure was obtained.

It is felt, however, that our eXperiments and compu-
tations give a too optimistic picture of the effectiveness of the
PD-fuzed round. Even very small departures from the plane field
introduce shadowing effects which greatly reduces Dpp* An obstacle
of height 0,5 metres at a distance of 2 metres from the point of
detonation and with a projection of 1 metre in a plane normal to
a ray from the point of detonation will for instance reduce Ppp
by 7 - 9% in toth Case A, B and C above.

No precise information concerning the behaviour of PD-
fuzes in snow has been available. However, it is easily shown
that even small depths of detonetion below the snow surface may
introduce severe shadowing effects in Case C. If it is assvmed

N
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that as an average, fragments which have passed less than 1 metre
through snow still heve their full effectiveness, while the other
fregments are sbsorbed, we obtain the following teble 6.13, where
the value of Pg,0 = 3,5 from table €.11 is used for Case C.

Tatle 6.13

Reduction of effectiveness

hy, Ppp
(metres) (%)

0,0 3¢5
-0’1 2,2
0,2 . 0,6k

The calculations are very simplified, but still serve as an indi-
cation of the sensitivity of the PD-fuze in these circumstances.
In the cases A and B, even greater reductions in effectiveness are
introduced.

We will now try to compare a VI-fuzed and a PD-fuzed
morter round on the basis of the assumptions above. Principally,
there are two signifiecant ratios describing the behaviour, the

ost io and the taetical advantage ratio.

From the calculeted production costs in chapter 3.61
in this report, a price increase factor or cost ratio of 4,5
has to be taken into account.

The loss percentage per round for V - and PD-fuzed
shells are calculated beldw in tabdble 6,14, as well as the ad-
vantage ratio r.

Table 6.14

Loss percentages and advantage ratios

Pyt
Case T = o
Py Ppp Ppp
A 0,12 0,022 54
B 0,74 0,30 25

c 2,2 3,5 0,63
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As menticned abave, it is feerved that our computations and cxEpori-
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nents give too mush favour ©
tne PD-fuze is rapidly reduced by the intreduction of even small
opstacles or bty detornation bpzlow snow surfaces, while the offcc-
tiveness of “he VI-fuze is kept almost constant éuring those sams
conpditions.

Tactical viewnoints, the transportation problems

Ln Y808 fire tosy" is defined as rapid fire, 20 snelis
cr fire at the rate of 10
red by 2, 4% or 6 mortars

per minute for 2 minutes, and therszeit
d {3
against a 100 = 100 metres target area. As a unity for mortar

1e1ls per minute. The fire is

fire we will make a more precise definition: Ey an n508-task”

we understand fire delivered ageinst a 100 x 100 metres arca by

2 mortars, 20 shells per minute per mortar during the first 2
minutes followed by 10 shells per minute per mortar for 2 minutes.

This gives a total of 40 shells per mortar, which corre-
gspond to the number of shells usually transporied together with
the mortar in its jeep. The total number of shells reguired for

S808-task then asmounts to 120.

The purpnse of an SO0S~task is to stop enemy acvance.
We may assume that an enemy will try to cross the target as guickly
as possible. If he is advancin at a speed of 3 metres per second,
he will cross the dangerous arca in 30 seconds, and 20 shells will
be fired sgainst him during thig time 1if an SO0S-task is delivered.
If the rathcr pessimistic loss percentage of 0,86 per shell is
assumed as quoted above, the resulting total loss wil emount only
to 16%. This figure includes not only mortal injuries, tut all
degress of incapacitation. From our knowledge of enemy tactlics,
5t will be obvicus that a greater rate of fire is necessary. If
4 mortars are given the same 80S-task, the above tactical situ-
gtion will result in a 30% loss, while 4Of loss may be ohtaihed
if a1l 6 mortars of the platoon are in fire.

Ls the unit for the transportation capacity of the
different methods for ammunition supply, we will use "shell-kilo-
metcr per hour®. If a vehicle may carry N shells at e speed of
x km/hour, its transportation capacity (abrreviated to TC)
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divided ty the length of transport psth gives the supply capacity
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{8C) in sheile/hour. In table €.17 the TC of some trunsportation
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bhods have bssn approzimetely estimated.

S8hell~coreying soidier 7:5 ghell-km/kRour
Horse 30 i
Jeep on road 1600 4
Jeep in terrein 7ED i
2 1/2 ton truck 12500 1

en that the transportation of ammuniticn outside the roeds
¢sents a very serisus problem, sinece a sufficient number of
errying soldiers will seldom be available.

As &n example, lct us assume that the shells have Lo
ke transported on roed 10 xm wsnd then carried S km. The 6 jeems
of the mortar platoon are then able to deliver 1140 shclls per
hour, or 9,5 SCS~task units per hour. Each soldier is cble to
deliver 1,5 snell per hour at the end of the chain, 2nd 80
soldiers are rccuired to cerry 1 SOS-task unit of fire volume per
nour. Since only tetween 10 end 30 soldiers are available for
carrying purposes, this demonstrates the lack of Pelance in ths
transportation chain and that 2 greater TC putside roads is a
nccessity.

-

The importance of the VI-fuze in this respect is that
in many situetions it gives greater fire-power per shell. Henc:
the asmount of smmunition required for certein tasks is reduced.
Since each shell reprcsents r times the loss percentege of a FD-
fuzed shell, the TC of each method of transporteticn mey be said
to heve peen multiplied by a factor r as far os this task is
concerned.

In this connection, the effects of the reduced range
of the VT-fuzed rounds must be discussed. It we want to deliver
fire on a target at a distonce of x kilometres from where the
motorigzed transport chain stops, the PL-fuzed siells met be



(x - 2,%) kilonetres., Tne VT-fumed shells have to Te

(x - 4,6) kilometres. On the other hand cach VI-fuzed
s the equiFelent of r PD-fuzed shells, Assuming that N
soldiers arc used for shell transport, we ortain SC »f the tran-
sport chain for PU-rounds:

55 7.5 N
G0, w et
PD X o= 244

When VI-fuzes sre applied, the value »f SC will bes:
Bss .,,7._?_‘?:_?‘5;:.},’.._
VI X - 1,0
We therefore get the supply capacity ratis betwoen VT~ and PL.fu:ied
rounds:;
Q
i s S Xz 2,
aC X = 1,6
PD

where x is assumed greater than 2,4 kilomctres. We may deduce f}cm
the f mmile for the supply capacity ratio, that in order to make
this value greater than 1, even with & low r-value of 2,0, it is
profitable from the supply point of view to use VI-fuze as soon

as x exceeds 3,2 kilometres, i.e. for very short carrying distenccs.

Operational analytic conclusions

Against lying personnel, either on the surface or in
trenches, the VI-fuze is supcrior to the PD-fuze. Under snow-
conditions this superiority is expected to be greatly increcased.

Against ndi
PD-fuze would appear to te superior. 3But the shadowing effects
of even very smell obstacles on the surface or 2L snow will
prohably very often reduce or reverse this superiority. New
experiments are necessary to determine when the reduction 1is s9
grcat that it makes use of VT-fuze profitatle.

Trom the tactiecal point of view, the VI-fuze is
suverior as soon as the advantage ratio r and the supply capecity
ratio exceed i. In these cases, bcth a greater intensity of fire,

as well as a greater amount of destruction cen te obtained than is
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possible with PD--fuzed shells. In these situations, the VT-
fuzed shells may be said to represent "lighter' end more effective

fire-power®™, an importent fact when the necessity and the diffi-

culties of transport outside roads are taken into account.

From the strictly economic point of view, it is de-
sirable that the advantage ratio r exceeds the cost ratio of 4,5,

From the foregoing, it is obvious that this will hapnen in many

casess against entrenched personnel as well as against personnel

lying on the surface of uneven ground or in snow.

interest.

When r is less than 1, the VT-fuze is of course of no

In the situations when r lies hetween 1 and 4,5, the

tactical and the econ-mic points of view differ, and the military
commender in question will have to make thie decision.

Eackground philosophy end stetus »f the NIRE-fuze

ALs has been descrited earlier in this report the NDRE-
fuze has now practically passed the development period, although

the last firing test showed some negative results. However,

reesonatle scaled field tests will in 211 coses te necessary in
order to make a2 wellfounded evaluation of the fuze model.

L series of B0 fuzes is in an advanced state of pro-

duction, tut a pilot production of 1000 fuzes is regarded es

necessary for full field testing.

follows:

It may e of interest to review briefly the philosophy
tehind our fuze design. The main points mey be summarized as

a)

b)

c)

Since the NDRE had very little experience with
fuze design, we felt that our general approach
would have to be fairly straight forward (if
this tcrm may be used in connection with
Proximity fuzes).

The NDRE could not afford to employ more than
appx 7 workers on the project, and the techni-
cal azppronach would have to take this into
account.

A production model ought to be ready within
appx 3 years.



d) The fuze wou.d hsve to he aesigncd ss
fer as possitle of korwegian raw
materiesle end it shovld te adapted to
production within worwey. %The situ-
gstion within the korwegian eclectronic
snd mechenicsl industry should Ye bhorn
in rmind,

With these fectors as guiding principles, our
line of aprroack will be easily understood snd apprecisted.
The only power unit practicel was a wind driven generstor
with megnetic materisl from the only [orwegian factory
producing Alnico 2lloys, the gleztronics practicerle was
a combination of etched foil techinique with dip soldering
and potting, our effort in the field of plastic moulding
had to be in accordsnce with the state of tre ert in
horway etco

our result should therefore re viewed with
these factors as background.

We are, however, fully aware of the fact
thet aprlicstion of g _wind driven generztor as nower source

has made the fuze more expensive in production and
elcctronically more complex than desired. Likewise the
generator is inlierently rore exposed ageinst f ex salt
water. The redvetion in firing range may however fairly
easy be overconmeo

It remzins however that tlhie wind turbine zs a
power _source is e very reliestle one and its sutstitution

with a battery source, for this non rotating rorter shell,
would no doutt introduce new protrlems which may ke just

as serious end in all cases require & considerable research
and development effort. The arming arrengements with the
wind driven geuncretor ere very simple cnd relisble.



6.3

Yowever, as will be clear from the opsrational
anolysis, in spite of these disedventages our design will »rovids
the infantry with a weapon under meny (most) tactical situstions
far superior to the present weepon. Over snow ecovered ground,
accurate data lacking, it is fel* thet the advantage ratio wili

te very consideratle (see section 2.%3 above)

There is no doubt that our fuze is not only tactical
but alsn economically superior. The problem which requires marc
expcriments is what percentege of all amrminition sh>uld tre
fuzed with VI-fuzzs. Further it should be remembered that the
ideal weapon is aiways too late.

The N:XL sheongly recommsnds a pilot production of 1000
rounds for field testing. This will give us data and experiencc
highly valuatle for future fuze work.

Probahle futvre activity on mertar fuzes

i s

5

No dourt, there is always 2 long step in research, SV
lopment and time between the actual weapon and the ideal onc.
Probatly, the future VI-fuze for 81 mm morter projectiles will be
greatly reduced in weight and volume, and will show the same
ballistic date as the PD-fuze. This will not be passible without
a drastic simplification of the construction. If the turhine-
generator powcr supply with its rectifier and filtering might be
superseded by some sort of reserve trattery, being activated durirt
firing and eble to withstand at least 25 years of storage, weight
and volume would decrcase. Besides, with the application of
printed circuits as well es printed components and possirly trans-
istorizing the R.F.end the A.F. parts »f the fuze, this would
meke it compatible to the PL-fuze cs regards ballistic data (shape
and weight).

In Norway such development would require many yeers'

work.
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