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ROYAL AIRCRA'T ESTABLIS &,. FAR BOROUGH

A Xk.II Control 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/41/2

The kinethecdolites are used to detrmine the trajectory and
velocity of guided weapcns; five or more kirnetheodolites being dispersed
on the range and controlled from a common point mithin the launching area.

A Controller operates th kinetheodolite shutters and triggers
flash lamps w hich expose buarirng ad elevation readings on the kine-
theodolite films. The lamps are flaslAd synchronously to within t200
microseconds thc interval betwetn flashus buing 200 milliseconds .200
microseconds. The shutter opuraticn is syrchronised to the lamps to
within t_ milliscond. It is estimated that for the Larkhill Guided
Weapons range these limits correspond to errors of +_1 ft in determining
the trajectory and +0.1% of velocity.

The report describes a Mk.II version of the equipment which employs
electronic delay circuits in place of the relays used in the ak.I
equipment and which is more suitable for operating the remote kine-
theodolites over long telephone lines.
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1. Introduct ion

Kinethuodolites arc used on guided weapons ranges to determine
the trajectory and axial velocity of special weapons. A number of kino-
theodolites are dispersud on the range and controlled over land lines
from a common control station within the launching area.

The kinetheodolite as illustrated by Fig.1 consists essentially of:

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

(b) a camera shutter and film traversing mechanism normally
operated at the rate of five frames per second.

A record of the bearing and elevation of the optical axis is
exposed on each frare by flashing small gas discharge lamps fitted near
the bearing and ulevatin scales; the images being prcjected on to the
film by a simple optical system. The camera shutter exposes an image
of the projectile with respect to the optical axis on each frame so that
corrections can be made for tracking errors when the film is analysed.
A typical frame expcsure is sho.nm by Fig.2.

The bearing and elevation readirgs frcm two kinetheodclites, placed
at the extremities rf a knoan oase line, give the position of the projec-
tile in space and since successive rnadings are obtained at known time
intervals beth the trajectory and velcoity of the projectile can be
determined. To cover the whole 6f the trajectory it is nor-mal to employ
five or more kinethcorlolites 3uitably dispcrsed nvvr the range and
synchronously operated(.

The first requirm:at;nt of a control syste is that the bearing and
elevation scale exposures of all kinetheoiolites be made synchronously
and for the interval between successive exposures (normally 200 milli-
seconds) to be accurately repeated. Ary asyncionism between the flash
lamps of each kinetheodolite will result in an error in determining the
trajectory and hence the velocity, while an error in the repetition rate
will have a direct effect on the velocity evaluation. A second require-
ment in that the exposure showing the position of the projectile with
reference to the optical axis of the theodolite be made at the same
instant as the scale exposures. Tits involves synchronising the electro-
mechanical operation ef the camera shutter with the triggering of the gas
discharge lamps. Any asynchronisation between tho-shutter and lamps
will result in false corrections being made when the films are analysed.

The accuracy to which the trajectory and velocity must be detemined
require t hat:

(a) the asynchronisation between the operation of all flash
lamps be not greater than :!200 microseconds.

(b) the interval between the successive oper tion of the flash
lamps be within ±L200 microseconds of the nominal value which in
normally 200 nilliseoonds.

(c) the shutter operation be synohronised to within +_0 millisec nd
of that'of the flash lamps.

The kinetheodolites wore originally operated by a Controller
designed by the Askamia works but this did not meet the requl-emnts
outlke above. An inproved system ms# therefore, desipted for un at
the guided weapons range, Larkhill and a lk.I equipment' has been in
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service since August 1949. Thu Uk.II version employs electronic oiroults
in place of the variable delay relays of the Mk.I equipment, is designed
for operation ovur longer land lines and givs bettor accuracy.

This report describes tile k.II development and includes a brief
description of the kinetheodolite and flash lump unit.

The control equipment was manufactured by Cinema Television Ltd.
whc engineered the system from the prototype equipment designed by the
Royal Aircraft Establishment. The recorder was made by S. G. Brown Ltd.
A description of the engireured equipment t gther with wiriVg diagrams
is given in a service manual issued by Cinema Television Ltd

2 Electrical Operation cf the Kinuthucdolites

As a full dscription of the kinuthecdolite (Fig.l) is given in a
translation of the Cerman Handbook2 , cnly a orief description of the
electrical operation is given hcre.

The shutter (Fig.3) is or' the "Venetian Blind" type, the vanes being
rotated through 180" fcr tfach exposure by a guar sector wnich nrgagus
small pinions on each vane. Th guar suctor aihun released by the armature
of the electrcrnagnuEt moves to the right or left under the action of a
tensicn spring. The ernd 4f this spring is attach;d to a dhuel .hich is
motor driver. through 1800 after each txposurt thus cocking the mechanism
for tte follwingcXpcsurc.

The rotary contact sha ox. Fig.3 is clos-ed whern the slutter vanms
are in the fully cpvn pcsitikn; this pr~vidcs a :.onitorig signal for
synchronising tht. shutter cpvraticn waith that :f th. scale flash lamps.

The crrenctions cf the motor which cocks the shutter mechanism are
shown cn the circuit diagram cf Fig.4. The. motor runs ccntinuously and
the intermittent drive ootained by an electromagnetic clutch. This
clutch is energised via a commutatcr geared to the cocking wheel. When
the gear sector has travelled to either extremity following an exposure
a side contact is closed uhich onergises th(. clutch so that the cocking
aheel is rotated through 18C, tiL supply to thl clutch being then
interrupted. At the same time the clutch couples the motor to the film
traverse mechanisr- so that a frame is automatically wound over after
each exposure. The electrical operation of the kinetheodolite is thus
fully automatic consequent upon triggering the shutter release magnet.

An additional commutator interrupts the circuit of the shutter
release magnet; this prevents possible repeated operation of the shutter
while the film is being traversed.

The time taken for the shutter vanes to operate depends on the
ambient temperatur, local battery voltage and the mechanical adjustment
of the particular mechanism; it is normally about 30 milliseconds. The
effects of temperature and voltage on a particular mechanism are shown
by the test results given below; the time quoted is that for the shutter
vanes to reach the fully open position after switching volts to therelease magnet.

Tempratwy-OC- Operatinz Voltage volts Ooeratinm Time milliseconds
-20 42.5
-10 40

0 12 38
20 36
40 34

8 37
25 12 35

16 33
20 31
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Thu exposurc time for vach operation of the shutter vanes in
: normally about 10 milliseconds.

3 Description of th H.T. Flsh Unit

The Flash Unit3 operatus twG gas discharge lamps fitted near thu
bearing and clevation scal~s of the kinuthuodolite. These give a high
intensity flash of short duration sc: that a record of bearing and
elevation is exposed on eotch framc nf the kincthcodolite film. Thu short
duration flash of about 1Ou micrsecoonds is nece.ssary tc avoid blurred
exposures of the scult; rtadings at the high tracking rates employed.

The circuit diagram rf thu Flash Unit is illustratd by Fig.5. It
consists cf a postr pack which supplics the nucessary high voltage an a
thyratron which acts as a switch in series with the flash lamps. Each
input pulse fires thk thyratrnn so trat a DFD condenser is discharged
threugh tie lonps and tht. tiyratrun sulf extinguishLd. The thermal delay
switch shown prt tects the thyratry:-, whun tne unit is first switched on,
by allow.ing the cathde to attain its working toni-erature btfcre the h.t.
is sitclcd tc the ancd. .

4 Duscri;ti rn ,-f C ntrcllur (Sut Fig.13)

4.1 G eral Duscri. tin.

A 5 -. p.s. sio.l is su:'ioliud to the C, ntrollur from a Central TLaing
Unit 4 see Fig.6. This unit c:-.sists ,f a IC Kc/s quartz cscillator and
electrcr.ic dividing circuits s uplying ti.irng ana ruference signals to the
varicus measuring statins ard bservaticn pk sts -,n the range; it is used
on the range as a secarat equim, .nt ar4 ii not part of the Kinetheodolite
Ccntroller.

Refvrring to th schematic diagran of Fig.7: the 5 P... signal
frcm the Central Timing Unit is fed via suparatc variable delay circuits
to each kir.ethecdclit, shuttur r..char.ism and via a ccm.,on delay circuit
to all the remote FLqsh Units. The variable delay circuits are adjusted
so that the cutpit puls%. is sufficicntly in advance of the common flash
pulse for the shutter varAns of eac. kir.Qthccdolitc to be passing thrcugh
their mid-position as the scal lamps flash. Rotary contacts fitted to
the shutttru (Fig.3) are closed .:Ln the shutter vanes are in the mid-
position and synchronisaticn is effected by adjusting thc vexiable delays
until the snutter ruturn pulse.s prcvided by these contacts are each in
phase with the w, nmn flash pulse as seen on a double beam C.R.O.

The return shutter pulses also operate neon indicators and they are
recorded together with the flash pulse on a suitable multi-channel recorder.
The record obtained gives an overall check on the mperation of the system
and shows the degree cf shutter synchrcnisation 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 fnr the actual run and the particular kine-
theodolite and Flash Units that are to be operated selected by closing
appropriate switches on the control panel. The run commences when the
5 p.p.s. signal is gated frm the Central Timing Unit at zerc time, i.e.
when the weapen to be tracked is fired off the launcher. To conserve fim
each kinetheodolite is switched off locally when tracking has ceasedwhile the Controller is switched eff automatically at the end of the run.
The recorder is normallv switched on and off automatically from the range
control room but can be controlled locally if necessary.

-5-
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4.2 Delay Circuit

The delay circuits employed in the Controller ccnsists in each case
of a flip-flcp as illustrated by Fig.8a. The waveform at the anode mf V2
is differentiated and thu peuitivo pip rvmoved with a diode. The output
pulse is thus derived frora the trailing edge of the flip-flop waveform
and is displaced from the input pulse by a tine delay corresponding to
the flip-flop action. The time delay can be varied by altering the value
of the resistance connected to the grid cf V2 as illustratd by the graph
oF Pig.Sb,.

The delay time of the flip-flop circuit is relatively independant
cf ambiert temperature changes or of th. steady h.t. vcltage and any
drift due to valve ageing can bo taken up in the preset rr variable
resistance c ntrcls. Apart frcm slow changes it is nucessary that any
given tim. delay be ropeatcd frr succOssive operaticn to within +100
micr-succrnds. Tc rs.et this ruquirem~nt it is Mcessary to trigger the
flip-flop 'ith a steeL fr;'ntvd pulse of sirrt duration and to ensure that
t.wre is no 50 c.p.s. nr transient disturbarce superimpcsud ,n the
exponuntial vrltug, rise at tha grid , f V2 . The flip-flop is accordingly
trigi*Lred via a pulse shaop r and supplied with A all smcothed and
stabilised .t.

4.3 Cc7ntrr l Circuits

TiL; 5..j. sig.al rrrm the Central Timing Unit is ft:d to the
pulue sha.er circuit ,]Qtail,.d by Fig.9. This ct nsists of. a triode biassed
beyond cut-cff tc clip any ]., znplitude noise fPllo;zed by an amplifier
and squaring flip-Ilop. Thu :utput cf the latter is differentiated and
the regative pip s ru cved by the crystal dicde. A crystal is used here
to aviJ tra intr. ;ucti~m _f 5C c., .s. ripp~le th-At -zul,- result from the
heater-cathdu ikakagu of a rnnnal valve. The i,t conrcted to the
input side of th. IliL-fl p r .m-,ves any rAgativ ccmpcrcnt from the
triggering sigral while the 0.002 f-X3 conr rseur short circuits any high
frequency pick-up. The sanoed pulses are fed to six variable delay
circuits an) to a ccn%.cr. circuit ahicn intr- luces a fixed elay of about
70 millisconcs.

The variable 4elay circuit is sh'.,n nn Fig.10; this introduces a
delay of 20 to 6C milliseccrds. The output of each variable delay circuit
triggers the kinethecdolite shutters, the pulses being fed to each remote
station via undergrrund cables to a local amplifier. The output of the
fixed delay circuit is fed to cathode folloaors in each control channel
and then via the undergrcund cables and local amplifier to the remote
flash units. The flash pulses from each control channel are in phase
while the shutter pulses can each be varied to be between 10 to 50 milli-
seconds in. advance of the ommon flash pulse according to the delay of
each shutter mechanism.

The rotary contact cn each shutter mechanism transmits return pulses
via the underground cable to the receiving circuit detailed by Fig.1O.
This circuit consists of a triode biassed beyond cut-off to clip any low
amplitude noise fnllowed by an amplifier and pulse widening flip-flop.
The pulse widener nperates a neon which gives a visual indication by
blsoking out when the kinetheodolife shutter is operating.

4.4 Recorder Awolifiers and konitoring C.R.O.

The return shutter pulses are fed to the recorder amplifier# and
monitoring C.R.O. as shown by Fig.11. Each recorder channel ha a two
stge amplifier with the pan connected in the plate circuit of the second
valve. The I= resistor in puvallvl with tho pen circuit prents the valve anode

-6.



Technical Ncte No. G.W.238

floating when the circuit through tL paper is interrupted. The rucords
Are obtained by traversing a carbon backed "teledeltos" paper under a
transverse , at V fiun( ult:ctrdes ' pens s tint the amplified input
sipals burn ccrrsp, nling time traces on the paper. The shutter r,,turn
pulses ari c - ,wn flash pulses are recorded against a 100 p.p.s. time
trace s(, that an 'vurall check .n the syncarnisatiur. arA npuration 4.f
the systen is mbtainud. "'he 10 " ... signal is switched frcm the
Central Timing Unit via a gntu circuit operated at zur tine; individual
kinethecdtlitu fila uxpaurus cmai thus b.. re.lated to an accurate timek
scale and tc data btuinud by othr range irstru.-ntaticn.

Tmhe duble b,,nm C.l. ). sh'.,vn cn Fig.1 is used for synchronising
the shutter perati n (-f each kinethe., lite. The flash pulse is
presented -r. rr beam ar,3 the return shutter pulsu (n ttr (ther. The
syncniritnising, c. ntr 1 i tnt:z. adjusted u.til the t. signals are seen to
be in FLase. A frt uruvunirs: ti-L su f r the, C... is unsuitable
sinc, it is nt prctical tc synchrznise ti presentation -f such low
fru-uencits nr tn obtair. sufficient rxsclution al(nr tnt t ine axis. The
time oase is accordirgly triggcrud by thu 5 ,.p.s. zutput fr ,m the pulse
shaeur (synch. :ulz,; this ulst: buing about 72 milliscc-nds in advance
rf tit se being 1x'cr.. ,ne circuit of the J.h..R is rf c nnti.nal
design and is datail,-1 in th, sorvic. ,:anual 5 .

4.5 a;!al Az, lif i, r

This unit is insttillu.d l c l trtti. reo::,t kircthedlitc and it
a.clifies tnu shutter a,.; flash ul vcs rcviwd fr:r, thu C:r.trcller.
Tni circuit is s0c0ni by Yi{.12.

The shutter ,ulsu is it ,: d t a tri-de I i'as ,', ad cut-ff tc
clip any , r lituit nza fC Alwe by a. :. lifier :4nd pulse .iriuni rg
flip-fl:-p. Tne 'lic-fl ' ,vid,.,s th- !u1lz 3. that it is -f sufficient
durati :, to mDuratt tat. snu:,r a lun ia. Th,; oicde and candenser ccr-xwcted
to tr±. innut grid -I' th, i.-Cl ur::c 'rV. n-.gativu ccprr ent and high
frejuer.cy xick-u.. from t ic>rzirs sijnal. !:.c utut of the pulse
widener is fed t- a tri le ing" a Ziwacr high sced relay in the plate
circuit; this relay 1.rrat.s tc shutt.r luirn Cd. Relay ' is a pcot
office type 30)'j relay i.aving an operating ti.e -f o. ut 35 rmillisec nds;
its furcti-n is to interru.-t to jr.ductivu,.scenid before A drops ,ut
and so pr-t, .et the crr.tacts %-f theu high sieed relay. The random variations
in the r:erating tie -f a tyzo "t relay pr 'hibit it bcing used to switch
the shutter s.lenid directly. Tint r',l:ncer iz suitcied in antiphase to
the relay valve t,. OqUaise tn 1 ad and thud :'rt~rnt fluctuations in
the n.t. voltage. Tre i:usa sitcn shwn in the relay circuit is used for
manual operation of the shutter mechunim.

The flash pulse is fed via a cliprer and amplifier to a cathode
follower. The latter feeds the signal at the necessary low impedance
to the grid of the thyratrr. in the h.t. flash unit. The condenser
connected to the grid f tie cathode fcllwer short circuits any high
frequency spikes picked up in the preceding circuits and cable.

The rotar- contact fitted to the shutter vanes earths the grid of
a cathode follower in the local amplif ier so that a pulse is transmitted
via te telephor cable back to the controller.

4.6 Line Installati,n

The operating pulses are transmitted from the central control
station to the remote kinathodolite and flash units via telephone
cables. The individual lines are teminated in balancing transformers
as shown en figures 10 and 12; this eliminates "cross-tal" between the
sigmals and from cther transmissions in the same multi-core cable.

-7-
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A 20 lb cable is installed at th, Larkhill range. This has the

following characteristics at a 1000 c.p.s:

Attenuation I db per ml.

Characteristic Imnodance 453 oirms 4Q

Prcpagating Delay 10 microseconds per ml.

The longest cable run is about 4 milks, the propagation dolay is therefore
negligible as rtgards the synchrunous cperation -f the kinetheodolite
shutters and flash lamps.

4.7 Thu, Reccrder

The shutter return pulses together witn the ccm.cn flash pulse and
a 100 p.L.s. time trace are reccrded on a 12 chernel recorder, see Fig.14;
this gives an overull check rn the synchronisaticn and operation of the
system.

The rec rds are cbtbinrd by travtrsing a carbon backed paper under
a transvcrse r.v f fixcd eluctr lus or :ens; the pulses t be recorded
being fed tkL the pen via amlifiurs as Fruvi.usly described. The pens
aA th rllcr .hich u:p.rts tn eapr an cnmplutcs the electrical
circuit are silvvr plus rit iur. tilatd to withstand the arduous electrical
and rchanical ccnditi.ns ,-f o ruraticn. Thu drive muchr.i., c~rnists of
a rnctnr and 2 si.d -,ur b, x 3riving a rol1tr, saring lcaded cn to the
paper. The rctcr ru:-4 ct r.tirucusly and is ngaui to the gear box by a
solenoid operatt-d clutch. The, pat.r spills in t a ccntainer and is
wound by 'ar .. to th. tkup Fspal. ?aper spcuds of 10 or 25 inches
per scornd car. be obt.,d. A rc ilur a" cn trc take cff spcl cperates
a micro-switch dhicn lights a warnirg lamp irdicating that on]y 50 ft of
paper is left on t,,is sro. .

5 Accurcy

So far as the cntr 1 system is ccnccrred the accuracy to which
the trajectory and velo:city of the proj,:ctile cart be determined depends
upon the regular and synchronous eoeration cf the flRsh lamps and shutter
mechanisms.

The pulses V1ickh control the flash lw-.,s and shutters are locked
to a crystal oscillator having a frt.luency stability ct a few parts in
100,000 and ar irregularity in th. nominal 200 millisecond interval
between pulses will be introduced by the delay circuits; tests show
this to be not greattr than 1100 microseccnds.

With the line installation at the Larkhill range the delays in
transmitting the pulses to tne remote kinetheodolites and flash units
will be rct greater tnan 40 microseconds and will depend on the site of
each equipment.

The accuracy to which thu shutter operations can be synchronised
depends upon

(a) the degree to which asynchronisation can be observed on
the monitoring C.R.O.

(b) the randora time variations inherent in the design of the
shutter meohanism.

A' -8-.....
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Tests show that the shutters can be synchrnised to within Zt millisocond.
The shutter exposure on the film is used to correct the tracking error;
shutter assynchronisation has thurefore only a second order effect on the
results obtained particularly with gud tryicking.

Sutmarising the abovu it can be stated that

(a) asyncnronisation between the operation of all flash lamps
is not greater than t200 microseconds.

(b) the interval betwen succesgivt operations of the flash
lamps is within ±200 micrcseoonds of the nominal value.

(c) the shutter operatiur -On be synchronised to within V-
millisecend to that cf the flash lamps.

The effect of these orrcrs in determinin4 the trajectery deprds
upon the dispcsitiun of the kinethucd(litea ith respect to thw trajectory
and on the skill of thu ,r:erators ir. trackinr the projuctile. It is
estimated that or. the: Larkhill rangt tihu rr +7rs qucted correspond to an
rrc r cf nct mrre thtA +V ft in sj'acu; such a discrcpancy being ccmparable

with thcso da tc the survuying cf th kitheedlitt;s And with the
optical c riurtaticr. ef th. kinth 7dclitu axis. Th. velccity t-valuaticn
will depend upon the ,.ccuracy tc which the trajectcry fixes arc made; the
errors introduced by irregulvr ^pxrticn cf tht flash lar.;s hc-;iv(er when
they are -,.rated at the rate f 5 :. .s..:ill be rnot greuter than 1_.t.
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FIG. I

KINF THECOZ' -

FLASH UJNIT LOCAL AMPLiFIER

FIG,1. KINE- THEO[)OLITE AND ASSOCIATED EQUIPMENT
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