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OPERATION GRAPPLE-Z

INTERIM REPORT

PART 17. WEAPON INSTRUMENTATION GROUP

PART 18, WEAPON MEASUREMENTS GRCUP

1. Qroup Tosks
1,1 Group Responsibilities

" The telemeter was also
us or tesat proc 83 during weapon assembly; hence the
Group and its activihen were located in the YA Area at Christmas
Inlangd,

WM Group was reaponsible mainly for recelving the telemetry
transndasions and converting them into permanent records from
which the desired information could be cbtained, The Group was
situated at C-Site in the forward area of Christmas Island,

Yransmitters were fitted in balloon younds by CC Group,

1.2 WI Group Taska (Air Drops 0“112
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Taaks for Balloon Rounds
7 recording of g of the weapon firing
circui oquipment and where fitted, in

various teat periods and in the pe up to firing as required
by WF(B) Group, Provision of f,m., signals from both carrier
frequencies for CC Group displays on the Control Desk,

W5 Telemetry recording of operating performance of
the weapon firing circuit md#e ment at ithe inatant
of firing of balloon rounds, ovision of pulse
monitor display in §2 (C-Site) for WF(B) Group, Use of this
squipment for calibration and testing as required by WF(B) Group
during rehearsals and ground tests.

WM6 Measurement of implosion time as in Task 3 and also
by the cut in telemetry carrier during the
pulse,

Tasks Commen to Air Drop and Balloon Rounds

Recording the light flash and determining the time from
firat light to first minimum for rapid assessment of yield,

WM8 Operation of eloctronic control equipment associated
with cameras of PS Group at C-Site, on behalf of CC Group.

Observation of weaxinum fireball diameter and duration
to by pinhale camera for rapid assesament of yield,

2. Group Composition

2,1 ¥I Group

Group Tasdsr
Deputy Group Leader

EPhotog-apher on loan from PS Group)
" 1] H
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Y Brief Description of the Telsmetry System
3.1 The P.M, Channel

Up to twelve slowly varying voltages, which represent the
state of the firing circuit, are amelected in turn by a rotary
or electro wi output higtogram is used to frequency
modulate a sub~carrier which in turn
modulates a carrier, er reception ard detection the
histogram is digplayed on the screen of an cscilloacope and used
as a monitor at the Control Desk ard elsewhere, The twelve

' channels assume levels charactecristic of the state of the weapm

at various times, The histograms used are shown in Pigs. 5, 6
7 and 8.

When recordings are required, the time base ia switched off;
the display then assumes the form of twolve bright spota on a
faint vertical line. A recording film is moved continuocusly
across the display, thus imparting a time acale to the resultant
photograp ord, Extracts from such records are shown in
Pig, 2, |

3.2 The Pules Channel

High Speed information on the operation of the firing
circuit 1s coded in the form of pulses which modulate the
carrier, similtaneously suppressing the f.m, sub-carrier for adout
a millisecond, These pulses are displayed on a variety of high
speed oscilloscopes and photographed.

The names and functions of the pulses follow, in the order
of their occurrence, Not all pulses arz used in all wenpons.

Code Pulse This is a @il duration pulsc generated in
the telemater when triggered by a voltage pulse occurring when
the trigatrons are pulsed.

Current Zeros A short pulse {s tranamitted when each of the
two trigatrons starta to conduct. The pulses are sepsrated by
a pre-calibrated delny.

End Events A short pulse is tranamitted when the first
detonator fires and a second one when the last detonator fires,
A pre-calibrated delay-cable delays the second pulse by about ]

. relative to the firet one,

d ’rhin is A atepped pulse waveform generated juat

and is used ag litude oalibration of
ﬂ) equipment is used.

'-!—'{ﬁ) enonnY
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L., Auto-Observer Results and Other Information

In the lista of results given for each round, much in-
formation such ns dates, times, position of vurst, aircraft
number, eto, has.been:included for completeness ar 'bz:;use it
ptfec ha ¥Q » he twg Croups and 7 : eC e

5.  Use of Rsdio Flash to Determines Implosion Time

By use of a tuned aerial and amplifier, a high
frequéncy component of the redio flash is ed with telemetry
signals and follows identical circuit paths, finally appearing
with the end events on a spiral timebase, The time from first
end event to t rodio flash can be read off direct
better t)mnﬁ The pulae shape given by this
component appears similar to a sharply differentiated version
of the full radio-flash waveform, with all peaks turned il
by the action of the IF strip detector. Hence a clear indiocation

in iWen of short intervals at the start of ise waveform, -

6.  Reaults

Tables of results for the variocus practice and live rounds
in the chronological order in which they were fired are given
in appendices A1 - A15 at the end of this report,

It should be noted that telemetry results were obtained on
many other balloon rechearsal trisls, including teats prior to
Operational Rehearsals and live firings, These have been omitted
for dbrevity in this interim report,

“aair
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7.3 WI Group Equipment

The shoring of Mr. (N ereorts with wn Group resulted
in some held up in the preparation of the new telemetry bullding
in the WA area, However, at the conclusion of the trial one
station wis onerational nnd the other was mechanically complets,

7.4 WX Group Summary

f\ll tosks were succeas

el COAD DT
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7.5 M Group Difficulties

A major aifficulty encountered was in measurement of short
firing circuit time intervols, thia bheing due to the poor pulse
shapes obtained for current zeros and end events,

7.6 Quick Yield Estimates

The time to firat minimum, and maximum fireball diameter
measurenents, the latter by pinhole camera observation, were
obtained for all live rounds,

Group are producing results just

ag quickly available, but accomplished over a greater vardety

of more precisely defined wavebands, it is recommended that WM
Group cease expending effort on ths mensurement of light intensity,

It 1s adso recommended that the pinhole camera be used as
a simple and reliable means of visual cbservation but no serious
attempt be made to use it as a measuring ipstrument,

7.6 WM Equipment

A considerable replacement programme has been requested for
future trials in order to overcome some of the deficiencies men-
tioned above; to replace equipment which was provided for the
original Grapple and is now excessively unrc¢liable; and to
harden the "one~off" designs which were improvised in the short
time acale allowed for subsequent trials,
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PARTS 17 AND 18. WELFON INSTRUMENTATION AND SASUREMENT

APTENDIX 4 - TABLES OF RESULTS

4t Results of Telemetry Measurements & Related Dete for Balloon Rounds
Al.1 Geperal Data:

Weapon: Penrmant 4. H.E.

Date of Triel: 14/8/58.

Type of Trial: Ground Piring at HE Site opprox. 700 yd
south of Bi.1.

Tie of Fliring: 19.15.

Cloud cover, approximete. Clear.

.2 jdvance Telemotry Colibration Data

Transni tter T2023 Seriel No: IDink 4 No. 73 Link B No.3,
1. Carrier frequency: 1. éStation SZG; Link &

2. Carrier frequency: 2. {Station 82W) Link B

3. Code pulse duration at 90% amplitude,
frequency 1. ‘
Code pulse duration at 90% mmplitude,
frequency 2.

Tranami tter delay to current zervs
Transmitter delay to gnd events
. Tranamitter delay tohpulses
« Sub-carrier frequenocy at ezrth level

m\l.m\.n +

Encoder T2024 Serial No: Link 4 No. 1: Link B No. 6.
End event scparation calibretion

Unit 506 Serial No:
Unit 523 Serial No:

", rat current gero to
{i.e. code pulsc to
13. Code se_to Staircuse on —
%. calibration voltage
15. durction at Fire on *

eval with top step:

At 5 (_Jg‘tlccl Megurgl_lenta

NIL.
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Af.4 Measurements from Telemetry Transients
Piring Circuit

End event separation (probable, link B only)

End event separstion during simulated pulses

End event scatter (doubtful accurscy)

First current zerc to first end cvent,
corrected for delays:

Code pulse to first current zero, uncorrected:

Code palss duraticn at _
frequency 1.

Code pulse duration at —)
frequency 2.

Carrier frequency 1.

Carrier frequency 2.

*Code pulse to C,Z. when fired on (D

Qarrier Persistence/Implosion time

Pirst end event to telemetry carrier cut-cff,
frequency 1.

Firat end event to telemetry carrior cut-off,
frequency 2.

Transients

at

FMrat ourrent zerv to irc 3
Firat current zerc to
(Corrected for celays). _

(Corrected for delays).

Transisnt peculiarities:

1.

2'

133

Not obtained

The time from code pulse to currsnt zerc is extracrdinarily long. i
spurious trip of the cule pulse generator is indicated.

It ia tpought that a very small first end wvent can be detected on one
Tektronix record (. iccurate time meesurements of this pilse are

not possibdle.

_—
iseerst (D
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3. No —pulsea woere received from -at any time.

4. The staircase wecrenssd in emplitude throughcut the firing ssquence

until the secund step wee barely vieible above the basc line. JAlthough
eppeared to foll in anplitude &s well, the two sge Jdid not

decreade equally, giving o spuriously high value for asrplitule.

5. h large staircase shapel pulse of ubout (i duration sppeared
from the ccce pulse as the telemeter brode up. This ceuseld some
displeya tu trip sguin,

F.. Recordis

—integruted outputs are given in the cbove table.
General comment mnl special remarks follow.

The records aﬁemp nomal except as followa. Control switching steps

at -:-- ’ -.-: -.- and @ cauae cross tulk on

the line d.c. display, and at the same time put notches in the "Safe/L3va®
level. These notches r£lso appear on the radio telemetered F.M. displeys.
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42 Results of Telemetry Weasurcments & Related Data for Balleoon Bounds

A2.1 General Data:

Wearon: Pennont 2.

Date of Trial: 16/8/58.

Type of Triel: Bulloon, Scientific Rehearsal.
Time of Firing:

w2.2 jdvance Telemetry Celibration Datp

Transmitter T2023 Serisl No:
1. Carrier frequency: 1.
2. Carrier frequency: 2.

3. Code pulse duration at (NG,

frequency 1,
Code pulse auration at (NG

frequency 2. ’
Tronsmitter delny to current zervs.
Transmitter delay to end events.
Tranemitter delay to alees.
«  Sub-carrier fregquency at earth level.

Drifts to stabilize at

Encoder T2024 on WF encoder Serial No:

9. Encd event scparation calibration
Current zero delay cable Serial No:

10, ent gero scparation calibration:
nit 506 Serial No:
nit 523 Serial No:
r8t current
{Code palse to

BN P

12, Steircase voltages 1.

Z
A

iHimnmn

2 volts
3 volts
N volts

13. Code puwise to Staircase on simulstion
1. &cuibration voltege
15.

42.3 Upticel Measurements

NIL.

A2.4 Measurements from Telemetry Transients
Firing Circuit
Current zeru aeparation
Current zerv acatter
End event separation during simulated pulses
Code pulse to first current zerc

Code pulse durantion at ,» frequency 1.
Code pulse curation at s frequency 2,

w10 -

|

volt,

o |
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transients

First current zero to Staircose at fire:
First current zero to

Transient peculiarities:

1. Two qcemed to pulse during the trial.
2, End aovents on link E were quite inadequate in aize.

3. At fire, current zeros were less than of required size;
it that they w ed at all.
4.

F.¥, Records

?mtegmtad cutruts nre given in the above table,
Gene conment and srpecial remarks follow.
F.M. records normal.
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A3, Results of Telemetry Measurements & Related Data for Balloon Rounds

A3

A3, 2

A3.3

Ad. 4

General Data:

Weapon: Pennnat ¢

Date of Trial: 18-19/5/58

Type of Trial: Operational Rchearsal
Time of Firing: 08,50

Cloud cover, approximate: Eight eighths.

Advarce Telemetry Calibration Data

Transpdtter T2023 Serial No: Link A No, 2, link B No,
1. Carrier frequensy: 1. link A
2, Corrier frequency: 2, link B
3. Code pulse duration at

1 4
frequency 1, -
b, Code pulse duration ot (N NENNENED .
frequency 2,
5. Transuitter d:lay to current zercs
.6, Trangmitter delay to end events
7. Transmitter delay to pulses
8, Sub-carrier frequency at carth level
zncoder Serdal No: 4
9. End cvent separation calibration -
Current zero dolay cable Serial No: Link A
No, 4: 1link B Mo, 3.

10, Curren or¢ scparation cali fon:
-mc A s link B See note overleaf

1,

Unit ial No:
Unit 523 Serial No:
Fust current zerc t

aircase on simulation
alibration voltage

Optical messurcemsnts

Nil,

Mcasurements from Telemctry Transients

Firing Circuit

Current mero separation, link- link B
Current zeco scatter

End event separation
Bl even: separation during simuilated pulses
End event scatter

First current zerc to first end event, corr-
agted for Gelaym:

Code pulre to first emd event, uncorrected:

Code pulse duration at —

frequency 1

Code pulce duration at —

frequency 2
Second current zero to sccond vaporisation

vulse:
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First current zero to Staircase at fire:
Pirat current gero tc

@EP:~t:: Typical sxamples of variations of times
are liatod below, A delay correction o

should be applied to each,

P, Recards

”integrated outputs are given in the above table,
neral comment and apecial remarks follow,
F.N, records appear normal,

» Subsequent to the trial it was found that the current zercs
- were incorrectly cabled, so that on link A one current Zero was
transmitted undel the other current zero on link B,
Hence the figure repreaent current zerc dslay
. cable calibrations er very realistio oonditions, Current zero

“ acatter was obtained by measuring ti
to first end svent on cach link: W

sor-sccrs. D
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M. Results of Telemetry Measurements & Related Data for Ralloon Rounds

AL,1 General Data:

Neapon: Pennant 2

Date of Trial: 22,4,58

Type of Trial: Balloon 3ive Triel
Time of Firing: 0900

Cloud cover, approximate: Six-eighths

AL.2 Advance Telemetry Calibration Data

Transmitter T2023 Serial No: 1link A No, 2: link B Wo, 1
1, Carrder frequency: 1., (link 4, SZG
», frequency 1.

2, Carrier frequency: 2. (link B SZ‘:"

3. Code pulse duration at

4, Code pulse duration at , ‘frequency 2.
5. Transmitter delay to current zero

6. Transmitter delsy to epd events

7. Transmitter delay tnhpulsea

B, Sub-carrier frequency at earth level

WP encoder Serisal No: 4

9. BEnd event separation calibration -
Current gero delw cable Serial No: link A& No, 4
link B No, 3.
10. Current zero separation calibration: link A
link B -
14, Pirst current zero v b
(i.e. code pulse to
12, Staircase voliages 1.
2
3
4
43. Code pulse to Staircase on simulation
4. alibration voltage
15.
Predic rom firat end event to firet gamma

Al. 5 Optical Measurements

Maximum fireball diamster (pinhole camera)
Time from first light to first minimum, red filter:

ALl Messurements from Telemetry Transients
Mring Circuit

Current zerc separation link A- link B
Current Zerv scatter

End event separation

End event separation during simulated pulses

Ind event scatter

Pirat currunt zZero to first end event, corrected for

delaya:
Code pulse to firat end event, corrected:

Code pulse duration at frequengy 1
Code pulse duration at , frequency 2
Carrier frequency 1,
Carrier frequenoy 2,

First current zero to its wapori&ation pulse
Second " heoomooom

ssiiioncs (D
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Carrier Persistence/Implosion time

First end event to start of radio flash,

Firat cwrrent zerc to Stairgase at fire:
First current zero to- at amplitude level with
2nd step
-width, from cut off to amplitude level with
2nd step

l/'

At £i amplitude exceeded amplifier linearity due to a fault on
the elay.

F¥ Records
”intcgrated outputs are given in the above table,
eneral comment and specidl:remarika: follow,
The records are normal from the failure of channel 9 -
-Helay) to rise at

Telematry Notes

A radio flash signal was superimposed on all telemetry records,
This somewhat obacured any carrier cut-off points, but enabled tm-
plosion time to be determined accurately.

G
proaeery |
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Results of Telemetry Muasuruments and Related Data for Balloen
Rounds

General Data

Vieapon Purgece

Date of Trial 16/9/58

Type of Trial Full Detonatar Firing, (2.7.12) at height
Tine of Firingy 14.00

Cloud Caver, ..pprox twoe oighths

advance Telunetry Calibration Data

Tronsmitter T20Z) Serial No,
1, Carrier frequency: 1
2. Carrier fregquency: 2
3, Code pulse duration at
k. Codv pulse duration at
5. Transmitter delay to current zeros
6, Transnitter delay to en
7. Transmitter delay to mpulsea
E. Sub-carrier frequency at earth level
9. Ind event separation calidration

WF encoder serial No, 3

, freguency 1
y frequency 2

Current zero delay caobtle szerial No, Link .. Na 1
Link B No 2
Current zero separation calibration: Link A
Link B

14, FPirst current ze
Code pulse to

15, Code pulse to Staircase on sinulation
., F,M culibration voltage
15,
Predicted time from firat end cvent to first gam.n

Sptical Messurcments
Nil.

Measuregents from Telesetry Transients

Firiqg Circuit

Current gzero sepuration: Link ..
Current cero scatter
End event separation: Link .

Bnd ovent aecparation during simulated pu ses

Ird event scatter

First carrent zero tc first ond event, o cct
for delays: Link o Link 8

Code pulae duration at - frequency & Link .,

frequency ¢ Link B
(!a.rml er Equency !

Lode pulse to first cwrrent zero: Link A Link B
2nd current zero edge to 2nd vapourisation pulse poak:

Link A
Lind. I

” “ e >
 +he general shapes and amplitudes of transient pulses from the Piring
clreuit cannot be regarded ss idesl Tor accwrate mensurewent,

sor-ciiEY R
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Transients

First current zerc to Staircase at fire -
Staircase benaved nurmalli throui‘nout tie triall

i

Sequence A B c D ALl -Cemments
FIRE From 1st C.Z.
Last

Laat but one

Last but two
Third *Narmal pulse
width
Second
' Pirst -

Visual report at

Yisual report at

The above figures ara for dclaysfrop trip to —

they are corrected for telemetry delay of
F,M, Hecords

q:lntegratcd were approximately
eiua.l to the calibration level, but were down for

F.M, was normal at —relay operated correctly.

P.M, was normal at Pire, detector volte did not recover,

~3.
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K, Results of Telemetry Measurements and
Related Data for Balloon Rounds

4ik.1 Censral Date

Reepon  Burgee

Date of Trial  20/9/58

Type of Trial Operaticunal Rehearsal
Time of Piring 09.00

€loud cover, approximate onc eighth

At4.2 sdvance Telemetry Calibration Datg

Trensmitter T2023 Serisl Nos Link A No. 6 Link B No. 15
1. Carrier freguenny 1. (Lisk &
2. Carrier frequency 2. (lidnk B
3. Code pulse duration at

frequency 4 -
k. Code pulme duration at (NG
frequency 2
5. Tranamitter delay to current zercs
6, Transmitter delay to end events
7. Trananitter delay to (NN rlses
8+ Sub-carrier frequency at earth level
WP enocder Serial No. 3,
9. End event separation ealibration
Current zero delay ceble Serial No. Link A Nc, 4
Link B No, 2
10. Current gerc separation calibrations
Both links

11. Firat current ze
Code pulse to
12, Code se tu Staircase on simulation

calibration voltage

Fredioted time from firet end event to first gamm,

At4.3 Optical Mensurements

Nil.
Ath.4 Measurementa from Telemetry Tranaients
Firing Circuit

Current zerc separation: Link A- Link B
Current zero scatter

Code pulae duration st , frequency 1
Code pulee duration at , Trequency 2
Carrier frequency 1
Carrier frequenoy 2

Code pulmss to 1at ourrent zero

G ::sicnts
First current zero to Stgirvase at fire
First current zorc +: (D

-}5 -
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F.M. Records

q integrated outputs ere given in the above teble.
General comment and special remarks follow.

Records nurmal up to E At and no
Ewtiom occurred. indications
normal at "fire", .
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A5, Results of Telemetry Measurements & Related Data for Palloon Rounds

A15.,1 General Dats

Weapon Burgee
Date of Trial 23.9.58
Type of Trial Live Trial
Time of Firing 08.59.59.9

Cloud cover, approximate four eighths

A15,2 Advance Telemetry Calibration Data

Transmitter T2023 Serial No: 1link A No.

1, Carrier fraquency: 1, link A
2. Carrier frequency: 2, link B
3. Code pulase duration at
L., Code pulse duration at

J
L

5. Transmitter delay to current zeros

6, Transmitter delay to end events
7. Transmitter delay to &pulses

8., Sub-carrier frequency at earth level

WP encodey Serial No, 3

9. End event separatisn calibration

Current zero delay cable Serial No, link A No, 4, link B
Both lirks

10, Current zero separatio ibration:
11, PFirat current
Cods pulae to

12, Staircase voltages 1,

2.
3.
13, Code pulse to Stairocase on similation
14, alibration voltage
15,
Predicted time from first end avant to
”" n [}

L H #

A15.3 Optical measurements

first gamma

Maximum fireball diameter (pinhole camera)

Time fyom first light to first mdrdimim, Ted filter -

A15,4 Mewsurements from Telemetry Tranaients

Piving Cirouit

Current zerc separation link
Current zero scatter
End event separation

code pulse to first current zero

N
firat current zero to firsi emd evend

link B

End event separation during simulated pulses

nd event scatter

Pirst current zero to first end evernt, correctved

Code pulse to first current Zerg unc
Code pulse duration at

Code pulse duration at

Carrier frequency 14

Carrier frequency 2

Start of 2nd current zaro to peak of 2nd vaporisation

for delays':
orrected

» frequency
, frequency

pulse

1
2

6: link B No, 15

frequency 1
freguency 2
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Carrler persistence/Implosion time

Firat end event to start of radio flash —

Firat current gero to Stajrcase at fire:
at amplitude -

-wir'tths at - amplitude and delays to mid-point, corrected.

Thr out the contrel sequence, three short of.
uration, were generated oy

P, M. Records

Normal everywhere except at - vhen :he— :
ﬂ indicating a transducer failure which caused
an electrical open circuit. Subsequently pips appearcd on this level
at Approx.‘intemala, which were probably caused by cross-talk

between the two telemetry dod:watron circults being generated in the high
impedance open circuit.

Faults

A number of setting up errors in the telemetry ground equipment
combined to produce violent gpurious Lripping when the carrier ceasad
at fire, This cavaed a number of records to be obliterated, but the
overall information loss was nugligible,
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P,M, Display Sequence fer Blue Stene Balleen Beunds.

SAFE: Simulated cede pulses enly. LIVE: Simulated cede pulaes enly.
—-1 —

T

|

LIVR: Simulated ocede pulses & end events. LIVE: Simulated cede (1) events,

Simulated ulses,

] |

M-

o
-'J]__,'

4. FRERR
RS ‘f'és'&ti@‘
BloltldlE 5 Eggsﬁsﬁ
NGNS 38
L 12
lated oede All pulse simulatien stepped,

]

ulses & end events, H
pulses, -

Simulated

| o {1
{ . 6.
44j{|’li l
ARN: All pulse simulatien stepped, INSTANT of PIRE: (Dummy lead).
r——l 1
=t
| B

44"
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