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February, 1953

ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH

A lk.iI Contrel System for the synchronous operation
of Askania kinetheodolites and associated flash
units as used on guided weapons ranges

by
R. J. Garvey, B.Sc. (Eng.)

R.A.E. Ref: BGW/L1/2

SUdARY
The kirethecdolites are used tc determine the trajectcry and
velocity of guided weapcns; five or morc kincthcodolites being dispersed
on the range and contrelled frem a common point within the launching area.

A Contreller opcrates the kinetheodolite shutters and triggers
flagh lamps which expcse buaring and c¢levation readings on the kinee
theodolite films. The lamps are flasied syncnroncusly to within 200
microseconds thc interval between flashes buing 200 milliscconds +200
microseconds. The shuttcr cocraticn is synchroniscd to the lamps to
within 21 nillisccond. It is estimatcd that for the Larkhill Guided
Weapons range these limits corrcspond to crrors cof +1 ft in determining
the trajootory and +0.1% ~f vclocity.

The report describes a Mk.II version of the equipment which employs
electronic delay circuits in place of the relays used in the ik.I
equipment and which is more suitable for cperating the remote kine-
theodvlites over long telephone lines.
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will result in falsc corrections being made when the £ilms are analysed.

RESTRICTED

Technical Note No. G.W.238

1 . Introduction

Kinetheodolites arce used on guided weapons ranges to determine
the trajectory and axial velocity of special weapons. A number of kince
thecdolites arc dispersed on the range and controlled over land lines
from a common control station within the lsunching area.

The kinethcodolite as illustrated by Fig.? consists essentially of:

(a) an optical axis which can be traincd in bearing and elevation
by an operator tracking the moving projectile.

(b) a camera shutter and £ilm traversing mechanism normally ’
cperated at the rate ¢f five frames per sccond.

A record of the bearing and elevation of the cptical axis is i
exposed on each frume by flasning small gas discharge lamps fitted near
the bearing and clevation scales; the images being prcjected on to the
film by a simple cptical system. The camcra shutter exposes an image
of the projectile with respcect to the cptical axis cn cach frame so that
correcticns oan be mude for tracking errcrs when the £ilm is analysed.
A typical frame expcsure is showm by Fig.2.

The bearing and elevation readings frem two kinetheodclites, placed
at the extremitics of a knoun oage ling, give the position cf the projec-
tile in space and sincc succcssive ruadings are cbtained at known time
intervals boeth the trujectnry and velceity of the projectile ean be
detemined. To cover the whole of the trajectory it is normal to employ
five or more kinetheodulites asuitably dispersed over the range and:
syncnrercusly operated,

The first requircacnt of a centreol systun is thut the bearing and
elevation scale exposurcs of 211 kinethcolclites be made synchronously
and for the interval between successive exposures (normally 200 milli-
seconds) to be accurately repeated. ARy asyncironism between the flash
lamps of each kinetheodolite will result in an error in determining the
trajectory and hence the velcocity, ~hile an crror in the repetition rate
will have a direct efflect on the velocity evaluation. A second require-
ment is that the exposure showing the position of the projectile with
reference to the optical axis of the theodclite be made at the same
instant as the scale exposurus, Tiis involves synchronising the electro-
mechanical cperation cf the camera shutter with the triggering of the gas
dischargc lamps. any asynchronisation betwoen the-shutter and lamps ¥

The accuracy to which the trajcctory and velocity must be determined
require that:

(a) the asynchronisation between the operaéion of all flash
lamps be not greater than 1200 microsoconds.

(b) the interval betweon tlhe sucocessive operation of the flash
lamps be within £200 microsecords of the nominal value which is
nornally 200 nilliseconds.

(c) the shutter operation be synchronised to within £1 millisecond
of that of thc flash lamps.

The kinetheodolites were originally operated by a Controller
designed by the Askania works but this did not meet the requirements
outline sbove. 4n inproved systen wus, therefore, des d for use at
the guided weapons range, Larkhill and a Mk.I equipment' has been in
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scrvice since August 1949. The Mk.II version cmploys clectronic circuits
in place of thu: variable delay relays of the Mk.I cquipment, is designed
for opuration over longer lund lincs and gives better accuraocy.

This report desoribea tne Mk.II development and includes a brief
description of the kinetheodolite and flessh lamp unit.

The control equipment was manufactured by Cinema Television Ltd.
whe engineered the systenm f'rom the prototype equipment designed by the
Royal Aircraft Establishment. The recorder was made by S.G. Brown Ltd.
A desoription of the engirecred equipment together with wirigg diagrams
is given in a service manual issued by Cinema Televigion Ltd”,

2 Electrical Operaticn cf the Kincthecdolites

As a full dsscription of the kinuthecdelite (Fig.1, is given in a
translation of' the German Handbonl@, cnly a oricf duscription of the
eleotrical opuration is given here.

The shutter (Fig.3) is cf the "Venctian 81ind" type, the vancs being
rotated through 1807 for cach exposure by a geur sector wnich crgages
snall pinions on cach vane. The gear sceter when released by the armature
of the clectromagnet moves to the right or luft under the action of a
tension soring. The erd f this seoring is attached tu a wihrel vhieh is
motor driven through 180° after cach wxposurc thus cocking the mechanism
for the folleowing expcsure,

The rctary ccntact showm on Fig.3 is closcd when the slutter vancs
are in the fully cpun wesiticn; this provides a onitoring signsl for
synchronising tne shutter cperaticrn with that of' the scale flash lamps.

The cennectirns cf the moter which cccks the shutter mechanism are
shown cn the circuit diagram cf Fig.4. Th motor runs centinucusly and
the intermittent drive ocotained by an electromagnetic clutch. This
clutch is energised via a commutator geared to the cocking wheel. When .
the gear sector nas travelled to either cxtremity fcllowing an exposwure
a side contact is clesed which erergisus the cluteh sc that the cocking
wheel is rotated through 180°, tix supply to the clutch being then
interructed. At the sam: time the clutch couples the motor to the film
traverse mechanism so that a framc is automaticully wound cver after
each exposure. The elcctrical cperation of the kinethieodolite is thus
fully automatic consc¢quent upon triggering the shutter relecase magnet.

An additional commutatcr interrunts the circuit of the shutter -
release magret; this prevents possible repeated operation of the shutter
while the film is being traversed.

" The time taken for the shutter vancs to operate depends on the
ambient temperature, local battery voltage and the mechanical adjustment
of the particular mechanism; it is normally abcut 30 milliseconds. The
effects of tempcrature and voltage on a particular mechanism are shown
by the test results given below; the time quotud is that for the shutter
vanes to resch the fully open position aftcr switching volts to the .
releasc magret.

Temporatuwe °C  Operating Voltage volts  QOperating Time millipeconds v
2 . 12
0 12 . 38
20 36
40 ’ 3%
' -8 37
25 12 35
16 13
20 31
- k -
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The exposure time for cach cperation of the shutter vanes is
nermally about 10 millisceonds,

3 Description of ths H.T. Flagh Unit

The Flash Unit’ opuratus twoe gos discharge lamps fitted near the
bearing and clevation scales of the kinethucdolite. These give a high
intensity flash of shurt duration sc that a rucord of bearing and
elevation is exposud on vech frame of the kinctheodolite film. The short
duration flash of about 10U micrcsceonds is nucegsary tc avoid blurred
expnsures of the scule reudings at the high tracking ratcs employed.

The circuit diagram cf th: Flash Unit is illustrat.d by Fig.5. It
consists cf a puwur puck which supplics the receassary high voltage and a
thyratron which aots as a s#itch in scrics with the flash lamps. Each
input pulse fires the tlyratren so tnat a DD ccndenser is discharged
threugh the lunps and the thyratron sclf extinguisticd. The thermal delay
switch shcwn protects the thyratren, when tre unit is first switemed on,
by allowing the cathude to attain its working tumperature befcre the h.t.
is switcled tc the ancde. ~

L Dusericticn of C ntrellur (Sce Fig.13)

P | Gereral Desceri, tien

A D fepes. siynil is supplied to the Controller from a Central Tiaing
Unit" sec Fig.é. Tuis unit consists of a 10 Ke/s quartz cscillater and
electrcric dividing circuits supplying timing and reforence signals to the
varicus mwasuring stations und (bservaticn vosts on the range; it is used
on the range as a svrarate cgui,ment ard is nct part of tne Kinethecdolite
Centroller.

Refurring teo the schuematic dicgram of Fig.7: the 5 p.p.s. signal
frem the Central Timing Unit {s f¢d via suparatc variable delay circuits
te each kincthecdelite shutter moecharnism and via a common delay circuit
to all the remcte Flash Urnits, The variable deley circuits are adjusted
sc that the cutout pulse is sufficicntly in advance of the common flash
pulse for thc shutter vancs of cuen kincthecdolite to be passing through
their mid-pogitiorn. as the scale lamps flash. Rotary contacts fitted tc
the shutters (Fig.3) are clesed wian the shutter vanes arc in the mid-
position and synchronisaticn is effected by adjusting the varisble delays
wrtil the snhutter roturn pulses previded by these contacts are cach in
pmase with the crmmen flash pulse as. s2un on a double beam C.R.0.

The return shutter pulses alsc operate necn indicators and they are
reccrded together with the flash pulse on a suitable multie-channel recorder,
The record obtained gives an overall check on the aperation of the system
and shows the degree cf shutter synchrenisation effected and maintained.

In operating the system each kinetheodolite is synchronised as

- necessary; the 5 p.p.s. signal from the Central Timing Unit is then

switched off in preparation for the actual run and the particular kinee
theudolite and Flash Units that are to bc operated selected by closing
appropriate switches on the control panel. The run commences whon the
5 p.pes. signal is gated from the Central Timing Unit at zerc time, i.e.
when the weapcn tc be tracked is fired off the launcher. To conserve film
each kinetheodolite is awitched off locally when tracking has ceased
while the Controller is switched cff automatically et the end of the run,
The recorder is normally switched on and off automatically from the range
control room but can be controlled locally if neocessary.

,
:
:
:
i
3
;
1

L el




Technical licte No. G.W.238

4.2 Delay Cirocuit

"The delay circuits vmpleyed in the Controller ccnsists in each case
of a flip=flcp as illustrated by Fig.8a. The waveform at the ancde of Vj
is differentiated and thu pesitive pip remeved with a diode. The cutput
pulse is thus derived from the trailing edge of the flip-{lop waveform
and is displaced frem the input pulse¢ by a time delay corresponding to
the flip=flecp action., The time delay can be varicd by altering the value
of the resistance connectud to the grid cf Vo as illustratcd by the graph
of Fig,8.

The delay time of the flipeflcp circuit is relatively independant
of ampicrt temperaturc changes or of th: steady h.t. vcltage and any
drift due tr valve ageing can be taken up in the presct cr variable
resistance contrels, Apart from slow changes it is necessary that any
given time delay be repeated fer successive operaticn to within $100
microscecnds. Te mect this requirement it is mecessary to trigger the
flip=flop with a stee: trronted pulse of sirrt duratien and tc ensure that
there is ro 50 c.z.8. or transicnt disturbance superimpescd ~n the
uvxporcrtial veltuge risc at the grid «f Vo, The flip-fleop is accerdingly
trigioored via a pulse shape r and supplicd with a well smecthed and
stabiliscd L. t.

4e3 Control Circuits

Tie 5 peves. sigral tfrem the Central Timing Urit is fod to the
vulge shaper cireuit detailed by Fig.9. This cunsists of. a triode biassed
beyond cutecff tc clip any 1o, amplitude ncise follewed by an amplifier
and squaring flipetloe. The cutrut of the latter is differentiated and
the negative pips remeved by tne crystal dicde. A crystal is used herv
tc aveil tne introducticon of 9%C c., .s. ripele that wouls result from the
heater=cath.de loakage of a rornal valve. Trne dicde conrected to the
input side of thu £lir«flig rumsves any regative comperent from the
triggering sigral while the 0.002 mfd conienser shert cireuits any high
frequency pick-up., The shaoed pulses are fed to six varisble delay
circuits anl to a comror circuit shich intreiuces a fixed dclay of abcut
70 millisecon:is.

The variahle delay circuit is sh-.n nn Fig.10; this intrcduces a
delay cf 20 to 6C milliseccnis. The output of each variable delay circuit
triggers the kinethecdolite snutters, tiw pulses being fed te vach remote
station via undergrrund cablus te a lccal amplifier. The output of the
fixed delay circuit is fed to cathede followers in each contrel channel
ard then via the undergrcund cables and local amplifier tc the remote
flash units. The flash pulscs from cach contrel channcl are in phase
while the shutter pulses can each be varied to be between 10 to 50 millie
seconds ir advance of the common flash pulsc according to the delay of
each shutter mechanism.

The rotary contact cn each shutter mechaniam tranmmits return pulses
via the underground cable to the receiving circuit detailed by Fig.10.
This circuit consists of a triode biassed beyond cuteoff to clip any low
amplitude noise fellowed by an amplifier and pulse widening flip-flop.

The pulse widener nperates a necn which gives a visual indication by
blacking out when the kinetheodeclite shutter is operating.

4.4 Recopder Amplifiers and donitoring C.R.C.

The return shutter pulses are fed to the recorder amplifiers and
monitoring C.K.O. as showm by Fig.11. Each recorder channel has a two
stage amplifier with the pon connceted in the plate circuit of the seoond
valve. The 100K resistor in parellcl with the pen ciraudt prevents the valve ancde

b
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fleating when the oircuit through the paper is interrupted. The rvcords
are cbtained by traversing a carben backed "teledeltos" paper under a
transverse v f Pixed clectredes o ropens soe tmat the amplit'ied input
signals burn cerresp o nding time traces on the puper. The shutter roeturn
pulses and erranen flash pulsus ure reccrded against s 100 pep.s. time
trace s. that an ~verall chueck -5 the syncaro.risation srd cpuraticn of
the system is rbtaincd., The 100 r.i.s. signal is switched from the
Central Timing Unit via a gnte circuit nperated at zcer> tine; individual
kinetheodolite 'ilm expesures cun thus be relatued to an sccurate time
scale and t¢ data (btuincd by other range instruncntation,

The deuble beuwa Coked shown on Fig.11 is used for syrchronising
the shutter rperstion of cacn kinethe.d lites The t'lash pulse is
presented ~nocne beam and the return shutter pulse on the cther. The
synchrerising contr 1 is tien adjustud until the tw. sigrnals are seen to
be ir phase. A froe running time btase for the Coh.l. is unsuitable
since it is n~t pructicual to syncnrcrnisce tre prosentation of such lew
frejuencies or tn cbtain sufficient resclution alrng tne time uxis. The

“time oasc is accardingly trivgercd by the 5 popes. cutput from the pulse

shaper (syrch. ;ulse,; this ;ulse buing sbeut 70 millisceonds in advance
ef th'se buing - xielieds  Troe clreuit of the C.x, ., is «f c nventicnal
dusign and is detuiled in the servies narnual”.

Lod  Liccul Amelificr

Tais unit is installed 1rcal te tho runote kinctheodolite ard it

melifiics tnc shutter and rlash pulses received r'rom the Corntreller,
Tnis circuit is snown by #1012,

The shutter pulse i r'vd to & tricde bPiassd beyend cuteoff tc
clip any Inw um.litud. iz £:31 wed by an wnplificr und pulse «idening
flip=flru. Tno flizerl p v#idens *h mulse s that it is «f sufficient
duraticn to ~ourate tro snuttor s lun id. The dicde and ccrdenser cernucted
tc tre inout grid of the r'li, =1 r roncve any regative ecomperent and high
frequency iickeu. I'reh the :joruting sigrel. Tie rutput of the pulse
iderer i3 fed ¢- a tricde noving o Sivners high steed relay in the plate
circuit; tnis relay cperates tie: shutter s.1len id. sclay o is a pest
cffice type 3000 relay hLaving sn cperating time °f ao.out 35 nillisecinds;
its functi-n is to interrugt the inductiversclencid pefore a4 dreps out
and sc pr.tect the crrtacts ot the hijrn scecd reluy. The randem variations
in the ecoerating time £ a t3o 3000 relay prohibit it beirg used %o switch
the shutter s.ler.id directly. The calancer i+ switcled in antiphase to
the relay valve t. cqualise tne liad and thus prevent rluctuaticns in
the n.t. voltage., Tre gush switen shown in the relay circuit is used for
manual operatiuon of the shutter mechurnism.

The flasn pulse is fed via a cliprer and amplirfier %c a cathode
follower. The lutter feeds the signal at the recessary low impedance
tc the grid cf the thyratror in the h.t. flash unit., The condenser
ccnnected tc the grid «f tie cathcde fcllswer shert circuits any high
frequency spikes picked up in the preceding circuits and coble.

The rotary contact fitted to the shutter vanes earths the grid of
a cathode fcllower in the lccal amplifier so that a pulse is transmitted
via the telephone cable back tc the controller.

4.€ Line Installation

The operating pulses are transmitted from the central control
station to th: remote kinethuodolite and flash units via telephone
cables. The individual lines are tuminated in balaneing tranaformers
as shown on figures 10 and 12; this climinates "crcss-talk" between the
signals and from cther transmissions in the same multi-core cable.

-7a

TRy

!
f

I s S 5



'm~
UM o, w1 s s

P —

-

Technical Note No. G.¥.238

A 20 1b cable is installed at the Larkhill range. This has the
following characteristics at a 1000 c.p.s:

Attenuation 1 db per nl.

] A . . [ T {—<0 )
Characteristic Imocdance 453 ohms J4LO
Prcpagating Delay 10 micreseconds per ml.

The longest cablc run is ebcut 4 milus, the nrepagation deluy is therefore
negligible as regards the synchronous cperation o»f the kinetheodolite
shutters and flash lamps,

4.7 The heccrder

The shutter return pulses together witn the ccmmcn flash pulse and
a 100 peg.s, time trace are reccrded on o 12 churnel reccrder, see Fig.1h;
this gives an overull check cn the synchronisaticn and operaticn of the
system. :

The reccrds are cbtuined by traversing o carbon backed paper under
2 transverse row ~f fixed electrades or rerns; the pulsces to be reccrded
being fcd te¢ tiw pens vis amplificrs as previcusly descriobed. The pens
ard the r.llor which supprerts 4he paper and compglutes the electrical
circuit are gilver plus ricdium plated to withstand the arducus elecctrical
ard mechanical ccnditicons ~f operaticns The drive rwehanisn cirsists of
a moter and 2 speed fuar Dox drivirg a roller, soring lraded con te the
poper. The mcter rurs cortirucusly and is cngaged to the gear box by a
sclunoid operated cluteh. The paper s»ills in ¢t 2 container and is
wound by hard cn to th: tuke up sprcl. Paper spceds of 10 cr 25 inches
per sceend carn be obtudlnced., A roller arm on tre ture ¢ff sp.cl cpcrates
a microeswitch whicn lights a wurning lamp irdicating that cnly 50 ft of
paper is left con tuis srocl.

5 Agcuracy

So far as the ccntrcl system is ccnoerrned the accuracy to which
the trajectrry and velccity of the projuctile can be determined deponds
upon the regular and syncnroncus coeration ¢f the flash lamps and shutter
mechanisms.

The pulses wiiich =cntrel the flash lamos and shutters are locked
to a crystal oscillator having & frejuency stability cf a few parts in
100,000 and any irregularity in the neminal 200 milliseccnd interval
between pulses will be introduced by the delay circuits; tests shcw
this to be not greater thun 21C0 micrvseccnds.

With the line installation at the Larkhill range the delays in
transmitting the pulses tc tne remcte kinetheodolites and flash units
will be not greater tnan 40 micrcseconds und will depend on the site of
each equipment.

The accuracy to which th: shutter operations can be synchronised
depends upcn .

(a) the degree tc which asynchronisation can be cbserved on
the monitoring C.R.C.

(b) the random time variations inherent in the design of the
shutter mechanim. . .
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Tests show that the shutters can be synchronised to within X1 millisccond.
The shutter exposure on the film is used to currect the tracking errcr;
shutter assynchronisation has thurefore only a secound order cffect on the
results obtained particularly with guocd traching.

Summarising the above it can be stated that

(a) asynchrcnisation between the cperation of all flash lamps
is not greater than %209 micrcseconds.

(b) the interval between successive operations of the flash
lamps is within $200 microeseconds of the nominal value.

(e) the shutter cperation sun by synchronised to within 1
millisecend to that cf the flash lamus.

The effect of these errcrs in deternining the trajectery deperds
upcn the digpcsitivn of the kinetheedelites «ith rescect to the trajectory
and on tne 8xill cof the cuerators in tracking the projectile. It is
estimated that cn tie: Larkhill range the cvrrors quoeted correspond to an
arrer of net mere than 21 £t in space; suen & discrepancy being ccmparable
with these du to the surwying <f the kirctherd-lites and with the
cptical criertaticn of the kinctiurdcolite axis., The velrcity evaluaticn
will depend upcn tne hecuracy tc which tre trajectery fixcs are made; the
errcrs intrcduced by irreguler mpcraticn of the flash lamps however when
they are rperated ot the rate of 5 5.,.8. #ill bu not greater than 20.1%.
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