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GIRZN ITCHANICAL TIIT FUZES

1. The Krupp Type Mechanical Time Fuze,

(a) General, . . .

The Xruwp type Mcchanical Time Fuze wae improved during the
Wnr yoars, The design of this Fuze lends itsclf readily to
adrptotions, some 30 being khown, most of them unimportant for
the nurpoge of thie report.

(1) Description of 2t.Z,5/30,

Referring to Figure 1, the clock is overnted by &
nain soring adepted to rotatc e central hollow shaft which is
slotted to accommodate and in turn rotate the Firing Arm
Retainer (1). The hollow shaft contains a helicel spring,
comnrossed ag shown, The F. A, Retriner is held exiclly agninst
tac compressed spring by on Annmular Ring (2) which is integral
with the ~djust-blo @p. The F, A, Retniner 18 held in ite szero
vosition by n Senr (3),

In oper tion, the Cnp is rototed,by the Fuze Setter,
the desired nunber of degrees whereby the firing slot is noved
to the required position. As the bullet is fired the setdack
force dcpresscs the Sear (3), the F. a4, Retriner is moved counter
cleckwiae held in ite plene by the annuler ring ( 2) until 1t just
pesses the firing slot orojection (4). The F. Ret-inor is
new forced forwnrd by tho Svring (5) relensing the Piring Arm
(6). The Firing irm, rototed dby the soring (7) allowe the Firing
Pin (8) to rotote. The projecticn (9) on the Firing Pin slive
off tho conc shape Gudgecn (10) urged dy the Spring (7) and firee
the primer which 18 locntod directly benesth the Tiring Pin in
the Body (nct shwn).

(2) safety Devices.,

While the F, ... Retodner (1) is in the zero poeition
it is stopped frem rotnting by sct dback senr (3) and retaiped
axially by Bre-cket (13), It is thus vossiblc t- set thc Fuze
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1. (a) General (cont'd).

L4
by rotating the C.p with ite ‘annuler ring throughout 360° without
firing while in the Fuze setter,

The Blocker Arm (14) prevents the Firing Pin from
firing until the Fuze is rotated at about K0 R.F.S. Abuve this
spin the Blocker Arm rotetes, against a soring, to clear the
Firing Pin.

(3) Notee on Operation.-

The Fuze operates freely and may be handled and
assembled to the Round eefely, It is waterproofed externally with
wox but no dessicant has been used within the Fuge to obsorb the

rencining moisture,

The two wedges that leck the cep in yrosition at
setback overcte at about 2000 g, cvetimated to bde just before the
rotating band engnges the rifling in a gun similar to our 3*
and the setbrck sear relcases the timing mecheniem at about twice
this value., We¢ cxrect that the cap with itw firing slot will stey
in the set positien, nnd not %wist, due to the high anguler accel-
ernticn experienccé when the rot.ting band engeges the rifling.

(4) Notcs on Adjustment,

The fuze 18 adjustcd ~nd tested for timing stati~
elly: '

o The escapement Lever of, for ilnstance, a 3O second
Puze, hne e frequency of 132 cycles. The clock is started ~nd

the rate of the Iscrpemont Lever ie observed stroboscoplcally,

The effective part of the Halrspring is made longer if the rate is
too inigh and shortur if the rete is too 1ow. If the 1linit of
ndjustment is reached and the ratc is st§{ll too righ cnother
Escapement Lever is mounted; if the rnte should be too low the two
brass welghte on the Zscapenent Lever are reduced in weight there-
by rcducing thc rotary roment of Inertie and increasing the natural
froquengy of the system.

=l
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1. (a) General (ccnt'd).

It is ncted thet only one end ¢f the Hairspring is
subject to ndjustuent, The Escopement Lever is mounted so that
it con be replaced withcut tearing down the cloek and the escnpe=
ment wheel is readily adjustoble to mateh,

The cleck is tested in -~ fixturc for slapsed time
by comnarison with a seconds nendulup, An electromegnetic
roloanse for the mendulum is synchroniged with the starting cf the
clock, The fixture simulntes the annylor ring in the ccp and
when the F, i\, Ret~iner is relenscd thrrugh the slot in the jig,
on clectromngnetic brake stops the pendulunm, The elapsed time
is held from .05 to .1 seccnds for 30 and 60 seccnd Fuzes in the
factery,

This systenm of cdjusting ond testing is enmewhat
slower than the Electronic Rate Testing System used in .umerican
facteriecs, Thore is nc cbjegticn to t.sting the clcck staticnlly
(1.e., nct spinning), the error due to centrifugnl Force on the
Hairspring is subst:ntially & ccnstznt, olthcugh a different
censtant tor cich range of svoin,

»

(5) Motes wniDeeigﬁ ~nd Preduection,

Evalurting the basic design of the Puze we note that
the clock is shert axially because the -Primer requires nc great
Firing-Pin volocity. This allcws the designer tc pleece the clock
well tr the reor in the Body and the assenbly beccmes nore rugged,.
The four plates are sovcurcly held tegether with three throughscrews
which ~re nlsn used to belt the clock to the budy moking o
substontlal assembly ., The running fricticn hos dern reduced by
using only 3 gears :nd by makins the cgcmpoment wheel very light,

The m-in epring is highly stressed, o common
pr:ctice in the deeipn of clocke and crused many rejecticns due
to bre~krge, It is estinated thut 18% of Krupp type Fuzes in
.frieca were lnoverctive due tc breken nﬂin springs,

The cscepencnt is solf-starting ~nd there is little
diffor nce in terque required to stort and to run, The method of
cecking the firing vwin ie ¢ better than that used in other
mechanicrl Time ¥uzo-s, The idce. ' f scperating the two elcnente

-5~
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1., (a) General (ccnt'd),

which initiate the firing, i.e,, the F. ., Retainer snd the Slct
in the annuler ring, instead «f mcunting them in the srme unit 4g
very ncor vractice., The setbeck release scheme is fair, There is
no need to take up backlesh in the gearirain. The design lends
itself to variations for spucinl purpoees as we shall soe below,
The w rkmonshlp is excellent,

The Xrupp type mechanicsl time fuze wes irmproved
over the busic design by Gebruder Thiel, clock snd watch menufao-
turera in Thuringie, Four plants produced &#moroximately 15,000
drily un to 1942, Subscquently only twe plants were produocing
this fuze st the rate of nbrut 7,000 dnaily, Tho fuse described
cust the Govermment 10 nari-g eech,

(b) Delayed Arming Time Fuszes,

(1) Description .

Zeferinee is nade to FPlgure 1la, Item 2 is the
ranulay ring in which the firing; alot is lcocated, A similer
annulus (3) with ~n arring slct is fastened t- the tep plate of
vz clock, The ~riine slot is f coursge quite similar to the
firing slot, alth udh the functicns of the two slote are
different,

agsunine that the elock ie started by the setback
fcree, the Tirdng .irm Retainer is n~w kent in its nlane of rototion
by the fixed annulus until it rerches the armins; slct when it is
forced forward ~zninst the ndjust~ble mnnulus, Continuing to
rctate in this new wlane, the Firing .rnm Retainer finally reaches
the firins slct and tho Fuze fircs,

(2) Ccnnente.

The schene wes used in Puzes for 380 mm end 406 mm
suna, In suck large caliber gune, ti:e low sctback force requires
that the Relcrge Scar is set to rperate at pbout 60% of the value
for smaller c¢-libur »uns., The deloyed arming is an additional
safoeuard o.sninst nrematures cné well adentel for loneer tine
settings, Ior instrnce, if we decided th~t wo wruld nct want to

=6
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1, (b) Delaycd arnine Time Fuzes (cont'd),

set the Fuze for less then 10 seconds time and thet a time »6
long a8 soy HO scconds woa desired, By using the above described
cenatruction ocur cpportunity for acourate time setting weuld be
1/k cr 25% butter th.n Af we were tc use the convonticnel method,

(¢) Bpllistic Teste,

A few rencrts «f ballistic tests have be one evailedle,
Figure 1B shows test results on 5 sec., 30 sce. and 45 scc, Krupp
type Mechanical Time Fugew,

In ccnnecticn with the test on the U5 mec, Puzo on Decembder
12, 1943, the statenont wos made (by 0,.K.L,) that the LS sec.
Fuze was entirely useless, It was thought that the errcrs were
duo tc Cep slippnge md extcnsive tests wore mede using Fuzes
in which the ¢ just:ble cqps were fustened tuv the Bodies, by means
cf scrcws ageinet cther Fuzes with Caps having stendard tcrque.
No grect differcncce was fecund., Six meonths later, the situnticon
with respect to 45 sce, Fuges hod imoroved, .
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2. The Junghens Tyde ‘l@g:hanicol Pine Tuze,

(=) General

Distinct frln the Krupp type fuze. which .8 we have seen in-
eper~nted by o mainspring, the motive power for the Junghans type
fuze clcck 1is derived from centrifugal ferce, The Junghans fuze
wes used in lorge quentities during the entire wer. It is deseribded
here because the centrifugel drive and the firing mechenisn were
corpletely redesigned Just pricr to the war,

(v) 'Descriptibn of Fuze Zt.2 $/30 Fe.

Figure 2 shows the firing mechanism in the armed and fired
pesiticn, The timing dise (1) rotetos clockwise with its firing
slot into which the firing arm (2) is mcved thereby turning its
shaft ~xinlly., The plote (3) which was held from cpernting by
the firing arm shaft can now rotate outwards thrcousgh the slot as
incicnted in the figure, The plate (3) is fastened tc an suxi=~
linry shaft (4) which therefrre rctates with the plate. The
lower fl:ttened merticn »f the &uxilisry shaft kept the hook
ghoped sesr (5) fron disengecing the primer centainer (6) untdl
the nuxiliary gh-ft turned abut its oxis, The sear now rotstes
outward, the primcr conteiner thereby relecsed roves toward the
firing pin (7). The moticns of 2ll membeprs desecribed are derived
frcm centrifugrl fcrce and are shown in the finrl fired wmesition
in Figure 2B, :

Barlier in the war a flat spring wog pl ced between the primer
cont~iner and the piate where the helicel svring (8) is ncw shown,
Tie purpose wns tc augment the mtlon of the primer container to
insure firing but thiie contruBtion wos found tc be dangerous
and the spring was revleced by the weak helicel snring ghewn to
prevent the primer container frem rattling.

, xigure 2A shows the centrifugal drive and o Yotton view of
the clock, In the.bottom view (1) is o sofety nlate urged into
safc vosition by spring (2). Inmediately above the safety plate
is lccnted a set back pin (nct s ~wn) with s henisphericel point
bearipg on the hole in the safety rlote, noking the arrangement
bere safe, ‘The escripenent is relessed, to start the fure clock,
by the set back vin (4) which is held in pesition by spring (5).

=10~
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2, (b) Descriptivn cf Fuse-28.Z 8/30 ¥g {cunt'd), -

In the tcp view cf Figure 2A 1s o cwn the centrifugelly
cperated ¢rive, The weighted goear sectcrs (1) overee the central
rinicn (3) through the two pinions and gears (3)., Benesth sach
goer sechkor 1g leocated ~ weak hairnin shammed spring to urge
the sectcrs townrds the periphery of the clock, These springs
are too wonk to coatridute any arpreciable force to the drive dut
nercly koep the gear teoth 4n cont~ct 8¢ avcid backlash in the gear
trein, The gear sectors (1) are slotted ns shown at (4) to take
uo, yicldably, the shock of the angular rnoceleration exporienced:
wvhen the rctnting bend of tho bullet entoro the rifling of the
barréd, In A wern gun the value of this accelaration is of
ccnsiderable magnitude due to the run up of the projectile,

althouch not shewn two stcoe were nrovided tc prevent the
hairenring frem btrenking or taking a set ot the mcement of maximm
angular accelercticn, The stcos are of ¢iurse arranged sc that
the helrepring riay opsarato freely at rll cther times,

si/ure 2B 8 ~ws a nlot cf thc availeble torque cn the gentral
y)lnicn.

(6) Yotes,

The fus: clcck 18 reaulnted by cbeervation of elnpsed time,
The roguliting nechine hes & ncunting fixture for cloek ccntaining
twe eleotric ccntact menbers which are arranged sc that one starts
and the other st rs n naster cleck, The fuze is nl:ocol in the -
n-unt and rotated at 16,000 R.P M,, eontact nembor #1 hclding the
vecapenont lever tc prevént the fuse clock from starting until it
r.-.chos the desired velocity, whoreupcn actuated by the centrifugal
f rce, the ¢ ntrot crorews to stert the fuse clock -~nd the naster
clock simultnnecusly, The timing disc has nrevicusly deen sot
at 30 sco-nce n~nd when the fusc clock fires the nuxilisry shoft
(L) Fisure 2 operrtes cr.ntnct monber #2 t- etun the master clock,
The clepneed time 18 rond and réjustnents ~f heirenring length are
m de, 1f neccesnry, tco seoure satisf ctrry rmernticn,

The Junghrns tyne fuse was m‘e in crnsider~dly lrrger quanti~-

ties then the Krupm tye, It 1a cstinnted that ~b ut 250,000 units
were nade nonthly frem 1437 to 1982, Frem 1942 to 19Ul thoe Fodek

-1~
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2. (¢) ¥ tes (e nt'd).

fact-ry chenged from Krupp to Junghans fuzes adding anrther
100,000 units per mcnth te the total capacity fer the manufacture
cf this fuze,

The price tc the Government was 1l marks for the ZT, 2. Fg
and 14 nerles for Depp 2 S/60 Fg.
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3. Ccmbined Mechanical Time md‘Im“ptiEt Fusges,

Apparently the need for an impsct detcnating element in the
mechenicnl time fuze became acute in the summer of 1944, Three
distinct kinds were designed between that time snd March 1045,
In chronological crder we haves

(1) The Krupr Type Base Impact Unit with gevcral
nincr variaticns,

(2) The Junghans Type Pcint Detenating Unit with
three variations,

(3) The Skoda Type Point Detone.ting Unit with
four variationas,

() Base Impnct Unit,

This unit dntes from July 1944 nnd 1s shrwn in Figare 4, 1Its
use w8 ¢ afined t¢ Krupp Tyme Time Fuzes, Referring t- Figure Y
a Plate (1) serewthreaded into the body bencath the Fuze Clcck,
earrice a fixed firing »in (2), Recesscd in the body is &

cylindriccl vrincr housing (3) retained, in the static position of

the fuze, by ccnvuntional clopper style detents (X), An enti-creep
spring (5) boars against the primer housing,

The mode of ~perntion of this unit is obv.cus, Some variatione
are provided with longur dbcdies adnitting larger primere, The
combinotion wae kncwn ns Dopp.Z 8/30, Depp 2 8/60 dovending on the
naximan running time ~f the time fuze,

) "Jm;gfrau“ Point Detonmin‘Eleﬁunt.

Georuder Junghaus developed three quite sinilor point detonating
devioes for thelr mechanical time fuge,

(1) The first design, known as Dopp., Z S/60 Fl, hed a
geer arrengenmcnt for wrning the imprct unit some distonce
beyrnd the mugzle of the gun (Maskonsicherheit), Some
thcusrnds were rnde for 0,K.M, at "Hessap®, Homburg, It
wap less sensitive th-n desired,

(2) The socond design, nown es E, Dopp 2 §/30 operated
like "Jungfrau" but had two hcok sheped centrifugel detents

~1 6
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3. (b) "Jungfrau® Pcint Detono.t-igg;lllement (cont'd),

for the impact firing pin. Promnture snfety of the impact
unit {Moskcnsicherheit) could be. varicd by & stop for the
impact primer which was operatéd by tho number 4 gear in the
Fuze . Clock, Approximately 60,000 units were made before the
war ended,

A (3) In respcnse to & demnnd from the 0.K.M. for greater
sensitivity cf the impact unit the *Jungfrau® wae developed
und eubmitted to 0,K.M, -8 February 1945, Very few were made
and ncne were ‘used in actucl warfare,

Description,

The impro$ firing pin (1) snd thc centrifugrl detent (U4)
Figare % “re nssembled tc & mcunting cup which is thrended
intc 2nd adapted t¢ be rotated with the Cap, Thig mount™ .
ccnt ine alse the henmer enring and the set pin, The firing
pin (1) is provided with & collar (2) ac that it d=n be held
in a snfe ocaition by the centrifugnlly operated detent (U),
A 1light helic:l eoring (3) between tho center shaft of the:
fuze clock ~nd the firing vin slecove holds the firing pin
in position while the bullet is in flight., The detent (U)
cperates ngainst the soring (5). In the number 6 plate of
the fuze clcck, is rocessed n wrimer slide (6) which is held
cut of line with the firing pin by the epring (7) while the
clock is atationary, It will be observed that due to the
rovieed Junghaus drive, mnking the central pinion shcrter
and lerger in diameter o falr sized hclo cnn be drilled oxially
thrcugh the pinlon to accemcdate the firing nin,

Qpemtinn.

The opercticn of the improt element is shewn in Figure
5, tho vrimer firos thrcugh the fuze clock into the booster,

(¢) Skoda Tvove Puint Detoncting Unit.
(1) Goner“"l; r
During February 1945 a.pcint dotcnating clement as

a unitary gtructure w:'.s deviscd nd t. sted at the Simdr Works,

-17~
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3. (c) Skodo Tyne Print Detcneting Unit (conttd),

It had tw: ndvintnges cver the nrevicusgly daecribed units. First
it wrg nere scnsitive, gecond it cculd be very simply ndapted to
existing Z4. Z. 8/30 time fuzes ¢ f which more then seven million
were av~oilable, The 0K, M, amthrrized the conversicn of existing
mechrnical time fuzes to.Skoda CC Z 8/30 on 14 March 1945 as o
tempcrary mecsure, the ultimate in gensitivity not having dbeen
found ne yet,

(2) Descripticn,

Reforring tc Figurc 6 it is observed that the CC
elemcnt (1) is nounted in the cop of the time fuze as & unitnxy
structuro, A relatively lerge charge (2) is adepted to be ignited
by the eensitive primer (3). The sensitive orinmer is urged
townrd the axis by the spring (4) but is held in safe positicn by
the firing pin (5), Tho firing pin is held in positicn by the
spring (6) ~nd the b1l (7). ‘

(3) QOperrtionm,

Tre- unit storts t¢ arm when the round is fired,
the set b ck fecrce neting (n the firing:pln compresses the spring
(6) nllowing the o 11 (7) tc £211 cut intc the wide part of the
housing (8). .fter thc bullet is bey nd the accclerotion field
of the gun, the firing pin is urged forward by the spring ngsinst
the dashpct effect ¢f piston (9), the complete srming being there=
by rctarded for a distance, said tc be frem 15 to 150 feet beyond
the nuzzle, The sensitive primer is n w free tc move into firing
p siticn, Uuen impect the chorge fires through the fuze elock into
the booster, : .

(&) Johdnn—Super—Zundwerk.

Descrivticn,

I'Meure 7 sh we n design which scmewhnt resenblos the Skeoda
unit in that it counld rendily be ammlicd tc exietineg time fuzes,
The firing nin (1) is rctodned in the unnrmed nositicn b ¢ detent
systerm consiatin: of o notched nlwte.(e) ond nn 2duninun swirsal
(3). Betveen the firing nin and the vrimer is rocessed n centri-
fugrlly opercted safety slide (4), The cmerntion of the fuze le
clearly discornadble by inswection of the Fimure., Jacther very
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3. (4) Johann-Super-Zundwerk {cont'd),

similor .versicn of the fuge is shown in Figure 8 and n third
device, aot.shown, and no model, was alsc maae owing to the
urgency of the projecs,

(e) Notes,

¥o, 2 fuse, Figure 8, wes rendy first snd 40 samples were fnde
and testod, The bnllistic tests were satisfactory but the design
wos rejocted, not being mristure proof, No, 1, Figure 7, of which
200 samples wore testod was apnroved by, the 0. K M.

Tests were mado for meneitivity at reduced welocity and bosh
the Skoda end the Super Zundwerk fired at Vo U50-600 feet per
seccnd agninet 1 mm Duhal or 4 mm cardborrd, The premature gafety
(naskensicherheit) was about 30 feet beyond the musgszle, more
definite with the alumimum Sp.rel System then with the desh pot
systen (ne in Skoda).

These fuzes wore tested about MHaroh, 19“5 and ncne were actunlly
used in warfore,

It is worth ncting the st temenzs of a PW, reclative to the
efficeoy of the Cemdbin-ticn Fuze. In a revort issued by the 0ffice
of the Director of Intelligence, Hq., USSTAF (Rear), 5 June 1945,
Walter von .xthelr, Genercl der Flakartillerie, former inspestor

. general of flak, was interrcgrted relative tc “uzee emeng other
subjectg. "In the latter period of the war, vlanes were sc well
constructed and armored that HB nrojectilce hnéd to buret within U
meters of a plane to be effective."

"It wne coleulated (on probabdle errors) and ccafirmed experi-
mentally thot 2 M-notored plane such as B-17 os B=24 would receive
n direect hit once in abeut each cne thougand rcunds fired,"

*This fuze wane develerved tc burst cn impact and 1f ccntact was
nct made on a nlune, then c¢n tine os with the custcmary time fuse.
It was very wuccesstful =nd ver rlone, drepped frem 3000 rcunds with
ting fuzes t 900 round with thie Fuze."

' "Thig.fuse went into prcéucticn in the £111 of 1944, In
October, 1944, prcducticn wrs 1800-2000 fuzes nnd this was to dbe

~19-
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3. (e) Notes (cent'd),

increcsed ropidly uatil nreducticn of fuzes weuld be of this tyne,"
(urted verbatin,)

The fuze referred tc is B Depp 2 S/30, the immedinte precursor
of "Jungfrou" (See "Jungfrau" second dcsign nbove).

o ¢'n readily eee how beth of these figures for numbers of
rounés weuld have been o great deal smaller had the Germans
succe:led in develceping a sccd mechaniceal time fuze, te be set for
"tine to hurst'while in the gun barrel, thercdy eliminating the
dead time ns will be discussed in Pert 4,
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4, Mochanicul Time Fuses Devices for Eliminnting

Dead Tive,

The mechanical time fusze has Ah inherent poesibility of
accurecy far beyond that cf any cther fute known to date,
Unfortunctely present usage permits a variable error hetwecn the
arceces of setting the fuze for "time to burst" and the actual
firing cf the gun, This variaticn, amcunting to many times
(10) any timing error exieting in the fure itself, obviously makes
the fuze much less useful than intended.

Both the British and Germans have tried to develop devices to
climinnte all or part of this dead time, and while ncne of these
dovices has been used in aoctuanl warfare, nevertholess the subject
scems sufficiently imocrtant to warrant a brief sumery of what
hag becn dope to date,

(r) The Midgeley Time Fuze,

(1) Genernl.

Tho iitdgeley time fuze was devised and ceonstructed
by the Midgcley-Harms Cr,, Ltd,, London about the beginning cof the
wer, 1t has Licen offercé t- the British Government and it is
snid thet whilc the British Hnvy shruld like to have it made in
scme quantity, the Govormment wes not in a nosition tc ngsign the
necossary werkmen to the cormreny,

. The fuze was designed tc be set for "time to burst"
after the round has beon rammed, by acrustic means, No actual
firing tosts have been made but the fure ond asscciated genr has
been found to enerate satisfactorily in dumny triels,

(2) Description of the Fuze,

The standord Britiuh nec.anical time fuege is of the
Krunp tyne described in Part 1, in which the firing arm conteiner,
aftor relense of the sot back arm rotates counter clockwise
rcstrained in thc rlane of rotetion by ~n annulus, Vhen the firing
arm contalnor reaches the firing elot in the nnnulus it moves
exinlly rceleasin,: the firing orm which in turn releases the firing
~nin. .
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4, (a) The !iide:nley Time Fuze (ecnt'd),

“In the Midgeloy Fusc shcwn® dingrammauco.lly in -
Figuro 8 we have & standard fusze clock (1) and also an auxiliary
clock (2) which rotatos tho annulus (3). It will be recalled that
in the conventicnol Krupp type time fuse the firing slot 1is located
in an anmlus which is pars of the cap and that the *time to bures*
is set by roteting the cap with respect to the tody thereby vlacing
the firing. slot in tho annulue’'in the desired geometrical nosition,
In the Midgeloy fuze the mnnulus with its firing slot, is constantly
roctated by the auxiliary clock, The eppropriate geometric»l
nositicn of the firing elot becomes fixed cnly at firing of the
round when the set beck force will cause the ennulug to be
impinged upcn & mumber of ﬁxed sharn nins,

Intc the body is seoured a reed (6) and on the rim
of the annulus is affixed a vluck (5) in such o way that for ench
revnluticn of the annulus thc pluck strikes the reed to emit &
scund; As embodied in tho latest model the '‘unpulus mckes one
revclution per socind #n@ the reed emite a 3000 cycle ncte cach
second, Beccuse the positicn cf the pluck with respect to the
firing slot in the cnnulus is fixed, the 3000 cycle note defini-
tely locntes the firing slct c’istance frem the gero moint cf - the
firing arm contalner, :

In operaticn the round is picked up, vin (7)
nonually denressed to start the suxiliary clock and the round s
rammed, The rim of the cartridge cnse, (mwee Figure &B) makes
.physiccl ccntect with the projecting part of a micrcphone (11)
which is fastened tc the breech end of the gun, Tvery acund
omitted 18 ncw nicked up by the microvhcne, amplified nnd filtered
1o exclude 21} but the fundamental of 3000 cycles.

On tc the dial of the predictcr (16) is affixed one
centrct ~nd mcther contect ie fastened to a‘roteting arm (13), both
wins in the firing €ircuits. Retating erm (13) 18 adepted to be
rotated thrcugh o friction érive % meons of a synchroncus mctor,

“turning one revolution ner second, mrecisely like the annulus in
the fuze, 4 relay (12) serves to h-1d the nrm et the zoro v sition
egainst the friction drive as illustrotnd. in Figure 8,

The round is in the gun and at the first 3000 cycle
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4, (n) The ijdgeley Time Fuze (cont'd),

eignal picked up by the microphone the relay is actuated, releasing
the rotating arm. The contact on the predictor disl can be adjusted
by the fire control gear up to the time that it is desired to close
the Tiring circult eleewhere, vhereby. the contact:-on the dial
becones: alive and when. next: it: 1g actuated dy the roteting arm
firas the gun..-Tho yoteting annulus having been synchronized by
the 3000 cycle noto oporating the: relay, the fuee is evidently

set for "time to buret” at the instant of contnct,  To achleve

a high order of rccurncy the auxiliary clock hus an elcﬂ“'ment
frequency of: 700 cyocles =nd ig well designed, The running time of
this clock 48 30 seconds, thus the round must be fired withim' -~
this time ofter the clock has been strrted,

(%) thes}.

. ,This mathnd of ellminuting derd time hos o numbder.
of d.rnwb; &s which arc immediately epprrent, ns well as introducing
in itself rn orror 1rger than the one 1t intonds to eliminate.

It may be mentioned hare that attempts were made to
pick up the sound without metrllic connection but it turned out
that ever a slight conting cf grense tends to attenuste the 3000
cycle note so th-t it comnletely masked by rendom moises, The
necepsity for metnllic connection sevirely limits the utility of
nethod,

It will be nbserved that the vresent arrangemeat
takes no ngcount of the time elapsing between ccntact in the firing
circuit and the actuel aset back which locks the annulue in place.

If this time lapse is, say .l seconds, the annulus abviously mckes .
.1 revelution or 36° which correspondn to an error of more than
3 geccnde in this fuge,

(b) HMechanical 2-clock Tusze.

(1) Genmirnl.

The idea cf setting the mechrnicol time fuze for
"time to burst" with the round in the gun barrel wng nroposed by
the 0JK.L. cbout the cnd of May 1943, Both 0.K,L, ~nd 0.K.M.
were anxious to have this work progress rapidly and two laborntories
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4, (b) Mechanical 2-clock Fuge (cont'd),

woru chnrged with developing, independently, the desired device.

The finished units turned ocut to be very much nlike
in orinciple and cnly one needs to be descrided,

(2) Description. - _ -

Referring to Figure 9, ) Jungrena Fuze clock is shown
r8 (1) ~nd direotly above & time set clock (2) ndapted to rotate
the timing disc (3) of the fuze clock at 120° per seccnd for 30 -
seoonds, Figure 8 shows the methcd of operation diagrammatically,
Just before ramming the round wne placed into o cup (4) and the
tinc set clook started by moruelly depressing plunger (5), The
operation cf plunger (5) also made a circuit which released
rotating arm (6) driven by 2 mester clock at the srme veloecity
a8 the timing dise {n the fuze c¢lock, and offectod synchronien,
Firing relay (7) was mounted on an annular ring and positioned
by the existing fire centrel gear, The methnd of operaticn is
clearly discernible from the diangram 9A,

(3) Nctes,

_ Tre Krupp schome was ready first and wers testod in
Morch 1945, While tho laberatory tests had turncd cut well the
proving ground tests were unsat isfoctory, The fuze was known
28 "Im Rohr Einstaellbaro Zunder Zt. 2 §/30 M2®, The Junghens
nchemo wae not tested,

. : This methcd is obviously an imprcvement cver the
ncoustic system being more widely applicablo., The particulor
ombndyment ~e shcwn wculd slow up the firing scmewhat snd Just
like the Midgely fuze the error is of the same order as the cne
they were trying tc correct, Becouse the tining disc mckee one=
third as nony rev<lut1,na per meccnd as thnt of the Midgely fuze
the error is nbcut 12° or cne sccond plus, The Germens checked
the time lapsc between contnct ~nd esev back on thelr guns and
fcund that it v-ried from .05 t¢ .15 seconds deponding mainly on
the tompecrature of the powder, From this considerati.n it nc
dcubdt becime oobvious to them that any syetem with a revelving timing
disc to be locked nt set back would be subject to e large error nr
unduly irpede the firing, . :
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4, Mechanical Time:Fuzqs Devices for ElimtnatingvDead Time
(C“nt'd). ' ‘ ’

(¢) Zlectricnlly Set MHechenicsl Time Fuge,

(i) General,

The development of en electricrl system for setting
the nechanical time fuzo while thoe round was in the gun barrel
w8 strrted in 1941 Bn the Jungh~ns Reserrch Laboretory at Frelburg,
It was originnliy intended thuat the system would de used for 88 mm
flak but it turncd out tec rcquire & wire throcugh the recund ond the
brecchblock which wos objectionable, In 1943 the development wos
resuncd for uge with anti-airersft rocket R 42, The unit to be
described is o further simplification cover the fuscs actually
tostcd and weas made vosgible by the censtructicn of o high speed
nachanicrl counter,

(2) Description of the prepoged Rocket Fuze,

Refercnce is nrde tc Figure 10 in which a fuze clock
ig shown as (1) having o cupped timing disc which is adapted to be
rotated at 1 RPS by » soring metor, Disc (2) which serves as
governor is rctated ~t 100 KPS by the enring motor, The tcothed
whecl ( ) nnd the com (4) cre mcunted on the seme sheft o8 the dlee
(2) nnd thercfore cleo rotote with a velocity nf 100 RPS. Thus
the cam (4) makes and drunks contacts (5) 100 tines por second,
shorting cut +nd unsherting resistonce R which is nlnced 6locsriodlly

" acrose the ccntacts (5).

" Separately mounted is an electromagnet (6) to the
arnature (7) of which is attached pin (8). By omerating the megnet
the vin (8) releascs the tcothed dise (3) thereby starting tho
erring metor which rotates the tining disc cn the fuze clock, The
nunber of operations of contacts (5) are counted by an external

o ccunting reloy and at tho dosired count the nmeagnet i1s de-energlzed,
the ormeture drops pin (8) intc cne ¢f the ten elots of disc (3)
stepning the spring motor thereby arrceting the tining disc,

Figure 10 shows a dlegram cf the arrin.ement, R

o is the resistonce reress the contacts (5) in the fuze, (6) 1s the

negnet by necna f wnich the fuze con be set as described ~dove,
31
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4. (o) Blootrior]ly, Sey: Mochunich) e Puzo. {ctns'a),

External to the fuze are contacts 1) end 1. which are ' ~de manually
as shown, ly being’ the holding cantact: for ‘the - rolay L. Depressing
switch M starss the cperation cf setting the mze. A plus potentlal
thraugh resistor D and noint X ectuetes magnet -(6) to etart the
spring drive ond thereby tho timing disc, Contacts (5) in the fuze
cperate end unshort the résistance R in the fuze theroby raising
the potential at X, i.e., the altornate high and low potential at

X, 100 times per second, caused by the opening and clesing of

" contacts (5) may now be used to sct the fuse for the proper "time

$o burst” while it is in the gun barrel., The cownting circuit
consiste of ‘o five element tube (T) the platos cf which are connected
to ‘the coils & and b on the counting relny that cperates the
rotating arm (9). Tho vredictor sets contact (N) to the desired
position and when the rctating erm (9) mokes centnct with N the
firing circuit is nmnde,

In thig narticular circuit the constonts are chosen

80 that when the votential at X is low, making Y negative, the flow
cf current throwh rlate A and c¢oll a stops, At this aoment the
‘potential cn & rieos and grid Z-becomes positive, The tude current
now flows thrcugh dlnte 3 'ond c-11 b counting another ,005 second
step, At euch ' step tho rotating arm ~dvances and when it recches
N, es monticned ave, the firing circult 1s nade, The counting

. rrlzy is seid tc be capadle of operating cn pulses of 004 seconds
duration.

‘ It was pcinted out ubove that the fure was vroduced
in 1945 for the R 4R rncket., When the rocket smwin reaches 2000
RPM (some ,2 $0 .3 seconds after firing) the tining disc is
clammed to the gear train of the fuze clock by the centrifugully
operated cluteh shoes (10) figure 8F, At 5000 RPM (.6 to .7
soconds) the coupling pins (11), which have kept the timing disc
connacted to the soring motor and thercfore stationary up to this
noint, release the timing disc which can now be rotated by the clock,
At 8000 RPM ( .9 to 1 Becond) the.fuze clock is started by the
oper:tion of e contrifugnlly operatod reloase for the escapement
lover (not shrwn) .,

(3) Notesg,

Beccusc the tining disc rotateg at 1 RPS ond can de
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4, (c) Blectrically Sct Mechanical Time Fuze (cont'd),

stcpped within 1 milliseconé. the inaccuracy due tc the getting
mechanien 48 exceelingly small derepdent only on how elosely
firing contrct ¥ can be set, The' anring drive has been worked

cut so that the gear troin between the toothed dige and the timing
disc has not lost rioti~n ond therefore no error other than that

in the fuze cleck itself 1s evident,

The fuzes were tested nd nroncunced satisfactory
for the murpose for which thoy were intended, In October 19kk
Junghans sterted to produce 7500 units and the firat 500 were
sent by truck to the losding mlant., The truck was destroyed
by n bomb, the Germans destroyed 1l nmarts in the vlant so thet
no sanple ie avail ble,

Owing to the limited experiencé the cost wos not
Inown but it wns said that the spring motor wne much cheaper
thon the set clock in the 2 clock system previously desecribed,

The fuze was known as "Zt Z. §/30 Fg' mit electrischen
einstellwerk fur R 42 (21,4 cm)? 2ad wos nrocured by 0.K.L.
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5. Miscellony :

i

(v) Junghans Universal Mechanicnl Time Fuze.

after scue years cf exverience with centrifugnlly cperntcd
tine fuzos Gebruder Junghans decided that a much more uscful fuga
could by rroduced by using o spring drive, They avcidod the use
of a clock nainernring in the light of their cwn and Krupn's
cxerience with brenknge of the conventional mainsprings, They
believed that the fuze should have an imr~ct element tc make it
m~re useful and that the clock should be small teo fit into
. squeege bore rrojectiles,

The cdevelopment cf this fuze, lmcwn as "Vereinfachter Zeit
Zunder, Kleinwerk, mit Zugband Anteied® wos mtarted in 1944 and a
few hundred samles were made, Twenty units were tested and frund
to be satisfactcry, hewever, the 0,K.L, wnnted the cleck mrde still
smallor but the wer was over before the redesign could be started,
The clcek, a8 mace, was 32 mm in diameter (stendard 38) and was
driven by twe helicrl springs oporating ncrmal tc eaxis of the
clcck, roteting the central rinicn by mecens ¢f & steelband, A
complete sut ~f working drmwings has been forwerded to CNO (On-16~PT),

(%) ilechrnic 1 Time Tuze fcr Srin Stebilized Rockmts,

The "Jun:frsu" design wreviously descrided wes revised by
substituting centrifug-lly cpere.cd elements for thirse that were
cper~ted by setbuok, Abuut 25,000 units were nade for 21 cm
dismeter rcckets and 1 rger., The oglve of the rccket wrne extended

- to conmpletely hcuse the fuze and an additionrl external hamner wes
nade te nrojoet in front of this windshield to actuste the peint
detennting element of the time fuze, This fuzo w-s kncwn as R,
Dror 2 §/60.

(c) Self Destructi-n Fuze (Rotating),

Durin~ Janurry 1945 & simnlificd self destructicn element was
develomed for the 37 -m fuge, TFigure 1) sh:we the werking —~rincinle
of the unit, In the figure (2Z) is ~n ~rm secured rs shown but free
t¢ nove cutward when the bullet s~ins, Srring (5) is loaded by
the motion ¢f the nrm, after the srin has dininished to the
desired extent the lueded snrinsg rvereomes the centrifugal foree

T
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5, (¢) Self Destructicn Fuze (Rotating) (cont'd),

on the arm allowing it to move inwerd, The clcser it cpvroaches
the center the mcre repid is this mcticn and finnlly it fires

nrimer (4). The gas pressure acting cn the enlarged perticn of
the firing pin (2) couses the firing nin to fire the main primer

“thereby destroying the bullet,

60 units were made by hond were found to be satisf-ctcry,
The design w8 sent to the 0.K.L. for epproval just abcut the cend
of the war, It shculd be ncted that the cluminum spiral as
divided makes an excellent and inexpensive detent, Teets ghcw
that at 30,000 RPM the bullet is safe (Maskensicherhoit) 45 feet
beycnd the mugzle in the 3.7 mm design, At 50,000 RPM the Mullet
is safe 24 feot beyond the mussle in ‘the 20 mm design.

The deseribed unit wes intended to nrevide a less expensive
fuze than used nreivcusly end wes called "Verimfachter 3.7 cm o
Zerleger”, It woe adjusted in the factory by bending the teil end
of the spring, ‘

The fuze it was to repnlace cost 1.88 marks and the smaller
fuze ccst .61 mnrks, The ~luminum spirals were made :n special
machines at the r:te of ehrut 100 ver minute,

:

(d) 8Self Destruction Fuze (NHon-rotating).

The fuze shcwn in Figure 12 was never designed but the »ros=—
pective designer thcught it cculéd be made srmewhat as indicated,
The block (1) provided with the slctted plate (1a) 1s resting rn
the plate secured by spring (3) and encempasses the firing nin
(2). By setback (abcut 4O g) the block moves downwaerd and rotates
the firing nin, This rctaticn winde the soring (4) by moving sector
(8)., 4After the bullet is in flight, epring (4) onerrtee sector (8)
which is elowed down by the ratchet (12) thrcugh wheels (9, 10
:nd 11), The self destruction firing sm (5) nreviously cocked
cn the halfshaft (8a) 1s relersed vhen the sh~ft (8a) hes moved
sufficiently and strikes the primer (7) whereupon the gns pressure
operates firing vin (2) cnd the bullet is destroyed.
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5, iiscellany (eont'cd).

(¢) Tlectric Fuze for :cllow Charge (100 mm projectile).

Tc sccure the fast fuge respense required for a hellew cherge
the Germrns ¢evelcped ~n clectricrl impact fuze which genereted
its cwn curront, Within a cylindrical enclosure 22 mm in diameter
and 37 mm long was erring mcunted a permanent magnet cup and soft
irop core crnteoining ~ winding which termincted in two nlugs,
Bxterirr to cup w's rlaced ,1 MF condenser, The cup was shorted
~t its opon end by ~n ircn keever secured to the external structure,
At the moment of immnct the mognet assembly moved away frem the
keeper the resulting veltnge (180-200 V) charged the condenser and
fired o sensitive clectric squid, The unit seemed tc be in the
development strnge ~nd nc samples are avall:ble,

(f) Tachograph fcr Reccrding Snin,

Utilizing . nechsnicsl tine fuge cleck with suitable recording
»oint enéd disc ensbld the Germans to find the smin of mrojectiles
snd rockets in n sirmle yet sceningly sufficiently accurate woy,
Werking drawings tosether with airves nlotted in = few tests havae
been forworded tr CNO (Op=16~IT),

Prepared by:

X, G, BURGGH"N,
Technicien,
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APPENDIX 1

FORMS OF GERMAN TIME FUZTS.
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APFENDIX 11

For a craprehénsive survey of German Fuzes refefence 1s made
t5 U, £. Yar=1 Technicel Mission in Burope Technieal Report No.
101-U45, prep.zed by Lt.(Jg) R, L. Gellein, USNR.

The ¥uz: designs dealt with in this report were screened out
from & larz: .mount of material and were. in the malnm, vproposed toco
late to Lc weod in aetual warfare,

The maserial reported on here was coliected, icreened and e~
valuated Dby:

Comdr, M, L, MATHSOW, .
ldeut, R, T, WRIGHT, -
Lieut. K. B, VaTSOX, -
Lieut, P. B, CASTLETON,

1t.(jg) R, L, GELLEIN,
Tocht, M. L. KIKBY,



