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ABSTRACT

This report is a review and analysis of results of the test firings
of Project HLRF from the Barbados l6-inch gun during 1966 and 1967 until the
30th of June. The objectives of these firings were manifold, viz:

i) Scientific data gathering, primarily wind data in synoptic

firings and their correlation with ionosonde drift data;

ii) Engineering tests of gun, propellant, and sabot performance;

iii) Engineering tests of instrumentation and payloads,
including telemetry packages and sea impact devices;

1

iv) Engineering development tests of vehicles, viz: the

Martlet 2D, Martlet 2G, Martlet 2G-1, and Lahive cones.

Fifty-nine rounds were fired during the report period. Thirty-
five of these (i.e. the majority of shots) carvied TMA release payloads
on Martlet 2C (Mod. 2) vehicles., Five further rounds with Martlet 2C
vehicles had the purpose of testing the sea impact device, telemetry
packages, and Langmuir probes, whereas nine rounds were vehicle development i
tests. The remaining ten rounds were launch engineering test firings of

slugs.

The test objectives were gemerally achieved. The gun performance
was satisfactory, and the usefulness of inserting spacers between the
propellant bags was again confirmed. In December 1966 the multipoint
ignition method was successfully introduced, reducing iic rnaximum
pressure for the same charge weight considerably and increasing the muzzle
velocity at the same pressure., Tests were also made with gun liners in
order to reduce the barrel taper caused by extensive wear near the breech.
These tests finally led to the installation of a permanent liner which

gave satisfactory results.
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The Martlet 2C vehicles performed with the usual reliability.
The Martlet 2D design had been abandoned prior to this test series to be
replaced by the much larger Martlet 2G, however, two surplus Martlet 2D
vehicles were used for structural test firings in connection with tests
cn a gun liner and a TMA puff-pu<€i release system, respectively. Tests
of the Martlet 2G proved successful in one round in which a perfect

flight trajectory was obtained.

The tests during the report period have shown a further
progress in the development of instrumentation capable ¢f withstanding
the high launch accelerations. Furthermore, wind data were obtained

in synoptic firings during three nights and in several single rounds.

The present report discusses the general results of the
firings, and gives the detailed performance data of all rounds, the
radar trajectory data, and the wind data. It cencludes the series of
reports on Project HARP firings from the Barbados l6-inch gun carried

out by the Space Research Institute of McGill University,
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1,0 INTRODUCTION

P From January 1966 until June 30, 1967 when the Space Research
Institute ceased to be associated with McGill University, Project HARP

had eight more test firing series with the 1l6-inch gun in Barbados. In
all, 59 rounds were fired in these two years, 36 in 1966 and 23 in 1967.

The test series were as follows:

R i T AT SV

- February 1966 Series (XV): 20 shots from 17 to 25 February,
: 1966, (Rounds 180 to 199)

EDT .

August 1966 Series (XVI): 4 shots from 15 to 25 August, 1966,
(Rounds 200 to 203)

sk v

September 1966 Series (XVII): 10 shots from 19 to 20 September,
3 1966, (Rounds 204 to 213)

December 1966 Series (XVIII): 2 shots, 5 and 14 December, 1966,
(Rounds 214 and 215)

Gun Test Shot: 1 Slug, 18 January 1967. (Round 216)

February 1967 Series (XIX): 10 shots from 15 to 17 February,
1967. (Rounds 217 to 226)

. o

Wl 5 sy e

March 1967 Series (XX): 2 shots, 22 and 25 March, 1966,
(Rounds 227 and 228)

ilay 1967 Series (XXI): 5 shots from 23 to 30 May, 1967..
(Rounds 229 to 233)

June 1967 Series (XXII): 5 shots from 21 to 24 June, 1967,
(Rounds 234 to 238).

. e e v

k¥

Table I lists the firings in chronological order.

-

i o4 . Luicid

Since the first test firing in January 1963, altogether 238
shots have been fired from the Barbados gun in the .4% year period until

{ the end of June, 1967.x)

] x) A list of all firing series is presented in Appendix A-1, For
A reports on previous firings, see References 1 to 8,




I-2

The purpose of the 1966/67 test series was manifold:

(1) Scientific data gathering, primarily wind shear data in
synoptic firings and the corr-lation of the results with ionosonde drift
data,

(ii) Engineering tests of the gun, propellant, and sabots.

(iii) Engineering tests of instrumentation and payloads,
including telemetry packages and Sofar impact devices.

(iv) Engineering development tests of vehicles, viz. the

Martlet 2D, Martlet 2G, Martlet 2G-l, and Lahive Cones.
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¢! 2,0 GUN AND PROPELLANT

N L

"s in previous firings, gun evacuation was applied in the majority

¥
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of the rounds (35 out of 59, and primarily in the TMA rounds).

The propellants used were again M8M,22, M8M,.27 and WMM.225, the
chavacteristics of which are well established and already reported upon
in Ref. 8, Apart from these propellants mainly Pyro was used (in three
rovuds with the addition of M6.056) and in one round WM.245 was taken., In

two of the M8M.27 rounds WM.048, and in two others, M8M,22 was added.

The technique of spacing the charge, successfully started in 1965
(Ref. 8) was continued and spacers inserted in most of the rounds, except
in cases of a high charge weight 1i.e. of the order of 1300 1lb., when no
place for spacers was available. Starting in December 1966, also the
promising multipoint ignition technique was applied in practically all

rounds of 1967 and with good success.

Due to extensive wear of the gun barrel at the breech end it was
decided to insert an experimental liner in order to reduce che barrel
taper. The liner consisted of four sections, each four feet lnng. The
two forward sections had a thickness of 1/16 inch, and the two rearward
1/8 inch., The material used was locally available mild steel sheet, hot
rolled at the local foundry. The four sections were first inserted in the
gun and welded along the longitudinal seams, then ccnnected to each other
by circumferential welds, Previously drilled % inch holes were plug welded to
the gun in order to provide stiffness, The fitting of the sleeve to
the gun, however, was not so good because of the small thickness of the

material used,




I

One test slug (MURPHIUS) was fired at low charge to test the
sleeve and its fit in the bore. ‘The thin sections of tha liner at the
end were somewhat wrinkled, but otherwise the test was satisfactory.
After some minor repairs and rewelding the gun liner was tested in a
shot with working pressure (Martlet 2D round DOMINICA). In this round
the vehicle failed in the gun, and the sleeve came out entirely. It
was not possible to determine whether the sleeve or the vehicle were
the cause of the failure; it was assumed, however, that a p.operly
adapted gun liner would be useful. For this reason a permanent gun
liner was installed at a later date, and satisfactory results were

obtained.
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3.0 FIRING PROGRAMS

The fifty-nine shots were grouped as follows:

(1) 35 Martlet 2C Mod 2 firings with T™A for wind measurements, Four
of these rounds carried also a Langmuir probe and/or telemetry
packages.

(2) 5 Martlet 2C firings (4 Mod 2, 1 Mod 3) for engineering tests of
the SOFAR impact payload, telemetry packages and Langmuir probes.

(3) 10 Test Slug firings for gun, propellant, and sabot engineering tests.

(4) 2 Martlet 2D firings

(5) 3 Martlet 2G firings

(6) 1 Martlet 2G-1 firing, and

(7) 3 Lahive cone firings,

the last four groups for vehicle engineering tests (structural and per-

formance tests).

Detailed flight performance data of all rounds are given in

Part I1I,

3.1 Martlet 2C (Mod 2) ™A Rounds

The rounds, 35 in 2ll, represent the largest portion of the
1966/67 firings. The Martlet 2C (Mod 2) vehicles (Fig. 1.1) and their
™A release mechanism performed with the usual reliability; only one
vehicle failed (No., 193), and in another round (No. 204) the high

velocity-high drag flight indicated some structural damage to the vehicle,

Apart from some single flights, three synoptic test series
were flown with nine shots in each series: Rounds 188 to 196 in the

night of 23/24 February, 1966; Rounds 204 to 212 in the night of 19/20
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September, 1966; and Rounds 217 to 225 in the night of 15/16 February,
1967. With few exceptions (bad weather or thin trail) good results

were obtained in these rounds, providing wind data around the 100 kilo-

meter altitude level,

In four of the 35 TMA rounds, also telemetry was carried;

details are given in the following Section 3.2,

A summary of the flight results of all TMA rounds is given

in Table I1I.

3.2 Martlet 2C Sofar, Telemetry, and Langmuir Test Rounds

Two Martlet 2C (Mod 2) were fired with a sea impact payload,
No. 182-CUBA and No., 198-ELEUTHERA. The Sofar device apparently malfunc-
tioned in the CUBA round, probably burning and damaging the vehicle
with the result of a low apogee flight., In the second round, a satis-
factory trajectory was obtained, but the impact device did not function,
The water impact of the shot was heard by underwater microphones; no
signal, however, was received from an underwater explosion of the Sofar
bomb. This information of faulty performance of the device was an

important engineering result and useful for future plans utilizing the

device,

Two successful Martlet 2C (Mod 2) rounds, Nos. 227-BANGOR and
228-DONAGHADEE were fired to test a telemetry package developed by
Computing Devices of Canada. In four of the TMA rounds (Section 3.1),
also telemetry unjts were carried. No. 190-ST.LUCIA had an HDL telemetry
command receiver system, with a 421,5 MHz crystal controlled receiver and
a 245 MHz transmitter; for unknown reasons the system failed to work.

No. 200-DONNA carried a 250 MHz telemetry payload made by SRI, with a

flip-out antenza, but owing to antenna damage or malfunction, no telemetry

was received,

— o ——y—

R T



e A =

I-11

(Laojoefexs Beap uoIjendoeag axog  dg
pxepueds juaijeainbs Jo 11009y 99y

£310079A 91220) aepey Yy aumjop Xaquelyd AYD 3y3tom =3aeyn 9

so8nen aaysnia)y 11K peoT wey : qySTaM 304s :°M

aqoag 1eo1a3oely 4l a3nesn ureals t3g sduelsTqg wey ‘@ aySteM °21°T4aA %M
8H uy LT :ug 93a S8 D
elep ur 1% 99y (LZ°W8W ISV 9%0¢
puts pue Jreal (1en) curt 00T°LYy :AUD 0°0L6 wo VRL 91 676 99 qad €¢
poo3 Buyonpoxd 000°0cY 00L‘%% :TIR suo3 8§z e 8°80% M  Burdiaed (Z POR) SIIIA °IS
joys Tnyssadong RS - $ag 000°Gy 38 ut 77 ‘@ 0°€81 ™ 0z 3913l 681
paieniea? on ‘ag 3@ S8 b
BIEP pUTA OU ur 1y 99y (L2 W8N ISV 0€:9€81
ang ‘Irean eniq (617) (008%) ¥ cur 00T°LYy AUD 0°0€6 ) VAL 41 6°S 95 934 €¢
u9suns, UITh 000°T6E 000°0% 1IN suo3 Q¢ *T1d €°60% :5M Sutdaaed (Z POW) FOIVIYL
3oys Inyssaddng | - 1dg 000z i3S uTt Z7¢ ‘@ GeeT M 0T 3I913aeR 881
oN :ad 930 S8 IO
elep ur 1% 09y (8%0 WM/ LT "W8W) VRL 91 £°6S LSV €01¢
puts pue syTeal (zz1) (006S) 4 ¢ut 002°L% *AYD 02/006 ‘0 8urfaxed ‘3oqes 99 qad /1
poo3 Burtonpoad 000°00% 000°0S :TIW suo3 0t Ty 8°60Y "mz poos Y3t (Z POW) VNONVNI
joys Inyssadong 3 - 43 000°05 ‘38 ut Ze¢ ‘@ G°€81T ‘M 0C 19131l 181
sjusuuo) (wy) 33 (o98/33) (1sd) eleq (41 uot3idraossag IYy3811a

2980dy £3100137 2anssaigd youne] U3 19N 9TOTUdA
8122nK yoasag
SONIY¥II VWL (¢ POW) O IATLAVA

ot

T1 FTAVL




- o P
P et o

«~N
-

1
[}

8y ur gz :ad 930 S8 &
elep ur gy o9y (T2 /LT W8 ISV $200
puim pue 1rea3  (0%1) (o0g9) :¥ ¢UT 00274y 2AUD §ez/0SL 10 VHL 91 §°€ 99 33 %2
poo8 3uronpoad (00°09% 000°6% :T1TIH suo3 Qg :7d €017 M Surfaaes (g poR) SIAEN
Joys TnIssaOINg | - :d4 000°0S§ :3S ur zzz ay G'E8T M 0z 3913ael 261
caayjzesan peq
o3 onp ejlep ﬂﬂ..n3
pue sydeadojoyd 84 ur 8z  :ag 93d S8 A
£311enb nmoT ur g 398y (LT RW8W) ISy 12€2
3nq sougmwaogaad  (ZET) (o019) ¥ gUT 00S°L%  :AUD 0°SL6 1D VWL 91 S°S 99 q°4 €¢
peoided pue £10303f 000°cEh 0SL°T% :TIW  Suol 061 *Td 8°L0% M iurdaaed (Z poW) IVYISINOR
-e13 Lx030BISTIES ty - g3 000°SH :3s ¢'gzz  :q¥ G°ERT ' M 0Z 3I913aeR 161
8H ut /g 4k 3UOD 3IEOU 953G S8 ID
‘pa112F A1roweiol ur gy 09y (LT °H8W) £133wa193 ‘IQH U® ISV €022
anq e3zep puta pue  (/11) (UT 00Z°LY  iAUD 0°6L6 D pue VL 41 0°6S 99 q9J €7
11213 YRI Surpaed (00°¢8E 006°EY :TIR suox 87 : Ty 8°LOY 3 M Butdaxed (7 POR) VIONT 1S _
-891 Inyssadong tht - :da 000°GH  :3s ur zzz ‘@ 0°H81 ' M 0Z 3°13aBR 061
s3UILIOY ()33 (29s/23) (1sd) e3ed €:4d) uotidraosaqg 3y311d
2980dy £310079A 8Inssaad youneg 3ySTopm JTOTYDA
afzznR yoaaag
i
{P,3u0)) II FTI4VL
LU e LD L L e g T T -
e ——— ] kst T T ——— s N S




o P i e i

s Gt~ G

1-13

S Ry

oN lug 953G S8 A0
e3IBp ur 6¢  $99Y (522 1D ISV 0£:€CS0
puts pue 11eal  (911) (oosg) ¥ gUT 002°Ly :AUD 0°0s8 3D VAL 91 §°S 99 9°d 4T
poo3 Sutonpoad 000°08¢ 0058t :T1IW suo3 g1 Py €°80% M Surdaaed (g POR) SVWOHIL LS
joys Inyssadang Y - a3 - :38 uT ZZz ‘@ Sg81T %M 07 39133eN 961
8H ur Lz ‘a4 93d $8 T
‘pased]a1 Jou uy o  :99Y (52T W ISV STHO
protded yiI  (O€T) (0019) ¥ cUT 008°LY :AUD 0°068 30 VHL 9T §°S 99 933 4T
anq £xo3oaf®az  000°STY 00S°1S :T1IW suo3 1 Ty 0°€1Yy "Me 8urdaaed (g PORW) 13714 VI
LxojoeysTles e - a3 - 33 uy 6zz ‘@ 0°%81T M 0z 3I9133BR 661
8H ut Lz *ad 99@ S8 4D
‘e3ep utr o 99y (522 1) ISy £Z€0
puts pue 1r1eal  (221) (006S) ¥ €Ut 009°L% :AUD 0°0s8 1D VAL 91 §°S 99 q2d %
poo8 Butonpoad (000°00% 000°%S :T1IW suo3 41 Ty €°60% 1 M 8utdaaed (Z POR)  02Id OI¥ANd
joys 1n3yssooong :y - i3 000°€tSs 33§ ur 72 Q@ s'es1 M 0z 3I9T3IeR %61
8y ur 2z 94 9Ed S8 Id
ur 1y 199y (22°/L2°W8W) Isy 9120
¢UT 00Z LYy AUD §5€/019 1D VWL 91 6°S 99 934 %2
"paSewep OTOTYSA 00S°€S *TIR suoz 1 TH €017 i,  Surdaaed (g POW SOT¥ OHOO
*in3ssao0onsuy -3y - :dg 000°€S  :3S ut g2z ‘@ €31 M 0z 39133eR €61
b
sjusumoy  (uWS})3F (99s/33) (1s9) BIR(Q (e uot3draosaq 348114 w m
a930dy £310019A 2anssaad youne] 3y31aM 979TUYaA M
9122Zny yoooig ; H
.
‘ i
(P,3u0)d) II FIAVL .
i
t
[
m .
i et e i s T T = rr—— -




I-14

84 uy 9z :md 93d S8 I
‘elep ur G°6¢ 99y (522 1ow) ISV 6502
puis pue Treaz  (9Z1) (0009) :d cUT SLE°0Y AU Se3 10 VWL 491 6°S 99 dog 61
poo3 Suronpoad QQ00°‘Y1Yy 009°€S 1IN suo3 97 :Ty 0Ty ¢ M Surfaaed (Z7 pow) vigg
joys nysssdong 5 0659 :dF 00§15  :38 ur 061 Q¥ %81 :%m 0Z 39133eR €02

VWL 41 6°S
1Tea3 auiey L34 34 ur 9z :qg pue aqoag arnuBue] 93d S8 IO
‘1zuld1s Lajow ur ¢°gg o9y (522 1) ' Uy3ata o3eyoed ISV 6£81
-2123 oy -o3ewep  (16) (o0gs) *y ¢UT 066°6E€ :AUD §z8 D £x3swatal WY ® 99 dag 61
21°1YsA SUTIBLOTPUT 000 °COE 00S‘€S :TIW suoc3l 0°8¢ *Ty Z1y M Surkazed (Z pew) VHATY
3y8113 Beap Y31y :y 0099 :d3 00€£°ZS :3S utr 0°881 @y 981 : M 07 3I9T3aeR %0¢
*£.330e385138S8 84 ur Lz g VHL 91 D3d 08 ad
jou £13°wWaial ur 6¢ 99y (950 ° 9K/ 0¥xd) 6°G¢ pue a8eyoed ISV £€€61
*iTeI3 ou 2a03 (o0 (ooL%) Y cUF 0S6°6€ :AUD €91/00L 10 £1jsweTs] I¥S ue 99 2ny ¢1
-219ya ‘£xo0309f 000°62¢ 00Z8€ 11K suo3 0% iTy S €1y : M Buizdazed (Z poR) wNNOd
-ea3 993ode Mo 4 - 43 - 338 ur 881 Q¥ 0°L81 M O0C 3913ael 002
84 ur fz tadg 985G S8 Ad
elep ur G'6¢ 99y (STT W) ISy €481
puts pue T¥eal  (LE1) (00z9) :¥ gUT 06z Ly :AUD 0°6/8 D VAL 91 S°S 99 991 ¢
poo3 3utonpoad (000°0SH 00095 :1IW suol 4] *1y S Hoy M 3utdaaeo OININVIA
joys [nyssadong b - g4 - 139 ur €22 ‘@™ G°€81 %M 07 3°913aey 661
sjuauwoy  (un)) 33 (o%8/33) (18d) BlEQ (8D uot3dyadsaq 3uB11g

2980dy £3100719A aanssaag youne] IySToM 9TOTYaA

9122NR yooasag

La ARSI e D A TG, S ST S SN N

ot e —p———r

- (P,3uc)) II FIEVL

. <
T e




S

S

I-15

ON :3g o8d 68 3O
‘elep ur G°gE 09y (S22 1M ISV %220
puta pue jTeaz  (HI1) (008s) ¥ gUT 0TZ°TY AU §Z8 1D VWL 91 S 99 dss 027
poo3 Bugonpoad (0QQ‘g/E 001°8% :TIR suol 8¢ Ty 80% :°M Butfazed (Z pow) LARCYA
10ys Inyssaoong Y - 394 00g‘sy i3S ur %61 ‘@ 81 ™ 0z 3I9131eR 602
‘elEp PUIM poO3T 84 ur [z :ag 93a S8 IO
pue JTea3 3ydrag ur 6¢ 199y (S22 13M) ISV 0€10
‘£10309fea3 Beap (011) (oogs) :y cuT 008°0% :AUD sz8 1D VWL 91 6°6C 99 dag 0g
Y31y ySnoyas 000°09¢ 009°LY :TIR suo3 #g e SO UM Sughaaed (2 pPow) NOTISda
jous yngyssooong *y 0/(%9 :da 000°L% i3S ut Z61 ‘@ s81 ™ 07 39133l 80¢

VWI 91 6°S pue
*pautelqo 84 ur /2 99 3TUn Aajswaiel 93d 68 IO
elep L3Tsusp ut gg 109y (52T 1) B Y3T* 9q0oad LSV 02:0100
U0IIOIT3 ON  ‘eiep  (611) (ooc9) :y gUT 0S6°6€  :AUD 08L 10 anuBue] THE ® 99 dag 0z
pPuTH pue jrEal Pood (000°C6E 00Z°St 1IN suo3 ¢ ‘T 60%7 .M Surdaaed (Z PoR) vi1ad
‘3oys nysssoong S 0865 :d3 - a8 ur 881 Q¥ 981 M 07 3I9T131BR L02
8H utr £ :3g 93 68 T
‘ejep ur G°g¢ :09y (622 1) ISy %222
purs pue Jreaq (scD (00£9) :¥ ¢UT 0S6°6€  :AUD $Z8 1D VL 91 6°S 99 dag 61
ay3taq 3uronpoad (QQO‘zhy 008°6% :TIRW suol gg i1y AL Butdaaed (Z pow) VIBYD
Joys [nFssadong R 02€9 :dF 00§°‘8y 338 ur 881 ‘@ 681 M 9z 3I9T13aeR 902
sjuswwon ()23 (o2s/33) (1s8d) eleq €:49) uorydiaosaq aY811d

2980dy £3100794 aanssaag youneg Iys oM EXERET

ajzzny yooaag

(P,3U0)) II FIIVL

e ey




A e

s e O Tl s e 2
Ep—— ™

e ™

e e

P

(0¥xa
YITH ¥oaysd peog

I-16

-Aed pue a75TYyap) ON :ad 9530 S8 =
‘11213 ZJuysaadsyp ur GHh 109y (o¥xd) VHL ISV S161
£1prdex utys  (901) (0095) :y gUT 0L5°6E :AUD 0821 1D QT §°¢ Surdaamd 99 93q ¢
Inq ‘L£1o0309f (QO0‘gYHE 0 00L°CZ% :1TW  suol OF 1y IR (2 POX) 1 FONIANAAFANT
~eI13] InIssaoong °y - 3@ 000°ty :38 ur 6Z°G681 @y S 48T M 0Z Is73aeR $1¢
(®19®eI1ERAE 30U
8H ur) sex :gg 53d 68 TO
‘elRp ur G'6E 99y (922 "1om) ISV 9%%0
pura pue 1reiz (zzI) gUT 02Z 1% AW §28 1D VL 41 §°§ 99 das 0z
poo2 3utonpoad 000°00% 1wuoizeaado 0S5€°9% :T1IR suol G'g 9 T M Butdaaes (Z pow) VIOl
J0Yys Inyssaoong Y Jou :gm 009°%y  :3s ur 0°%61 @ 981 :%m 0 39T3aeR zie
8H ur 0z g 93a S8 Td
‘elep ur G6g 993y (522 "1om) ISV £0%0
purs pue T¥eal  (/Z1) (Go09) :¥ cUT 0ZZ°1® :AUD 528  iD VAL 91 §°§ 99 dss 0z
poo3 Butonpoad 000°L1¥ 00£°SS :TIR suol 47 7y SR Sutfaaed (Z POR) VIIHL
joys ngyssadong Y - 3dg 008°‘€s 1S utT %61 @y s81 :'m 07 39733y 11¢
3g ur oz :ag 98d S8 D
‘B3RP ur ¢ 09y (522 Wus) ISV 81€0
puts pue 1rexd  (ZZ1) (006S5) :d ¢UT 02T 1% 1AUD sz8 9 VKI 91 'S 99 dag 0z
poo3 Buronpoad 000°00% 00T1°SS :TIW suol 47 e 117 i Sutdaaed (g POW) vid
3joys Inysssoong *y - :d9 00€‘%S 38 utT %61 @ 987 'R 0T 39131l 012
sjusumoy  (uny) 33 (99s8/33) (1sd) elEQ (an uotidraossqg Iy3r1d
aa8cdy £31007197 2anssgaxI youne] Iy31am 3ToTYoA
a122ZnR yoasoag
(p,3u0)) II FTAVL
- - T e S B M o G e s, R 2 o . e v Y




-

’

I-17

- > e sios oY R o ot g e e A AT oo » om0
84 ur [T tag 93d $8 IO
uy Gy 109y (ouxd) ISv 95¢€¢
"erep pura (CTT) (00£9) ¥ Ut 00£°6E€ *AUD 0Z€T D VWL 91 §°S L9 923 G1
pur 1TERI3 Poo8 Q0% ILE 009°cy TN suo3 Q% :Td 61t 5H Suthazed (Z POW) Nr19nd
‘aoys [nyssaoong b 06%S :dd4 006°Tty 338 uyr /81 @ 68T %M 0z 3I9133BH 02z
8§ ur 6z ‘ag 93d 68 90
ur ¢ 09y (0uxd) ISV §%2¢
‘elep puta  (T11) (o0L8) ¥ SUT 00L‘6E :AUD 0°0CET 3D VAL 91 6°6S L9 993 <1
_ Pue 17EI3 pood 009°L9¢€ T 00%°9% TIW suo3 Q% Ty gy 5M 8urdaaeo (g POR) Pt (0]
J0ys InIyssadong e 0896 :&F 000°Ly 18 uy {81 sv81 oM 07 39731XEBH 61¢
84 ur 6z ag 93Q 68 3dD
ur ¢ 09y (0uxd) ISy L11¢
‘eep puis pue  (2Z1) (o06S) ¥ gUT 00L°6E :AUD 0C€1 3D VAL 41 §°S L9 931 S1
11213 poo8 YITA 000°66€ 00S°€ES 1IN suol Q% iy 81y M Sutdaaed (Z POW) Isva1ad
J0Yys INJISs9I0Ng B - :dd 000°€S 38 ur /81 ‘@ 581 :%m 0z 39131BR 31¢
*a1qrssod 8y ut fz 34 94d S8 D
20U WOTJONPOZ ur Hy e (0¥xd) ISy LE£61
w3mp pers Inq  (GT1) (osLs) ¥ cUT 00L°6€ :AUD 0°0621 :D VRL 91 6°S £9 994 S1
1Texa Sugonpoad (00°9LE 00%‘9% :TIR suo3 Q% ‘T G EIH M 8utfaaed (Z POW) RIYINY
I6Ys INJsssd0ng R - :3g 000°¢% :38 ur /81 Q@™ 0°%81 :°M 0z 391318R L1z
S3U3UOY () 33 (o3s/33) (1sd) vled (91) uo13draosag ay811d

2980dy £3To0T9p sanssaag youneg IYST3IM 3TOTUSA
a122ny yosaag

o o

(p,3u0)) II HIAVL

m\:.z« -

o

S "
~

=R @ s

et

e s B o g -

eromthan, = i, i

il gty o s

he o s )

WA




- S e T - B

[ S

2 1

oN :3d omd@ S8 I
ur 6 09y (0¥xa) ISV L1%0
‘e3ep puts pue  (111) (00Ls) ¥ gUT 00L°6E :AUD 0°0%ET 3D VWL 91 §°S L9 924 91
1TRI3 POOB YITM 000 °H9¢E 00€°87 1IN suo3 gg sy s'g1% :5M Sutdaaed (T POR) MOTYAWIT
30Yys Ingyssadong 'y - 1d@ 000°Ly i3S ur /81 ‘@ 0°68T %M 0Z 319133eR HZe
34 ur (¢ ‘39 93@ <8 IO
uy ¢ 99y (0¥za) ISV €2€0
‘e3ep puis pue  (%11) (00L8) ¥ gUT 00L°6€ :AUD 0°0€€T i0 VWL 91 S°S {9 923 91
1TeI3 pood YITM 000°ELE 009°9% TIRW suol 81 ¢l Geey oM Sutdaxed (T POR) ANNTA
j0Yys {nNF¥ssa00Ng g - :3dd 000°9% 138 utr (81 ‘@ S 981 M 0T 39733 £22C
o0
"
= 8y ur sz ‘a3dgd 099G S8 D
ur g 99y (4xd) isvy 0120
‘B3EP PUIA - (STT) (00Ls) :¥ gUT 00£°6E :AUD 0°0Z€1 3D VWL 91 S°S £9 923 91
pue TTea3 Poo8 (Q0°‘9/E 000¢s% :1IW suol Qg | YA "wz Bugdaawd (T POW) QOOMATIOH
fj0oys Inyssadong Y 0€LS :da  000°9%  :3s ur (81 ‘@ S°%81 :°M 0T 3I9713aeR eze
8H ur gz  :4d 93d S8 T
ul Gy 109y (0¥xd): Isv S010
‘e3ep puth  (911) (oog8s) ¥ cUT 00L°6E :AUD 0ze1 wo VAL 41 $°S L9 9°d 91
pue TTeaz poo8 (000°08¢ 00€°Hy 1IN suo3 0% Ty L1Y “>z Sutfaaed (Z POW) HOVAYVD
joys ingsssarng 'y 0145 dT 000°H% 38 ui /81 ‘@ 681 'm 07 397318l 122
s3UlWWOY (up) 23 (o9s5/33) (1sd) BIRq a7 uotadraosaqg 3usSTId
2930dy £3T00719A aangsaid youne] Iy3TsM 2I01Y2A
?122ZnyR yosaag
(p,3U0D) II TIAVL
ARy A )

vl e ol e e

et e g 4 e AP Al e | e A it ot n =

S\ o s tamm e e aen




8y ur [Z g€

oFq 58 I

(006S) ¥ uy GZ°Gy 99y (0uxd) ISy 0212
‘pa1rey wstueyoawm  (0C1) s37Nns9y guT 00L°6E :AUD 0°08€T 3D VHL 491 § L9 sunf TT f
aseao1 YHI 3NG 000°C6E IUSISTSUODUI  006°0S :TIH suo3 41 : Ty 6°S1y M 8utdaaed (2 POW) FATTINA !
£10302(e1] TeWION 5 tdd  000°ty i3S ur (81 Q¥ 0°%81 n 07 3I913aBR LET
f
8y ur 9z *3d 93a €8 =D
ur gz°'Sy 99y (09xd) ISV 1661
‘eqep pura pue  (01T) (00L9) ¥ cut 00L°6€ *AUD 0°09¢€1 mo VAL 91 § L9 sunp ZZ
11exs pool Yzt 000°T9€ 00L°9% 1IN suol 41 1y S'81y M Buthazed (T POR) NvyZana
joys nFssadINg 4 0LLS dd 000°1%  :3S ur /81 ‘@ 0°#81T :°M 07 39133l 9€2
(o))
i
1}
= 84 ur 82  ‘ad 93a S8 Id
ur ¢'Hy 09y (o¥xd) ISV 8%2C
‘e3ep puta pue  (801) (009S) *¥ cuT 00L°6E :AUD 0°0ZET 3O VWL 41 S L9 sung 1T
11e13 pPood UYITA (000°GSE 001°€y 1IN suol HI Ty S'81y ¢ M gurkaaed (Z PORW) 04IVD
- 30ys NJFssa0oNg 2y - :gm  000°0%  :3S ur /81 ‘@ 0°681 ' M 0Z 39T13aBR GeT
{
ON ‘3d 93d S8 TO
ut ¥ $ 09y (0¥xd) 1sv 0TS0
‘eqep puis pue  (911) (oo8s) ‘¥ gUT 00L°6E *AUD 0°0S€1 1D VHL a1 §°§ L9 933 91
11e13 pool yis 000°18€ N09°TS :.IRN suol 81 :1d gz M Sutkaaed (2 POW) X9MaAN
g joys nNIssa0ong Y - :gg 000°¢S i3S ur /81 qQ¥ 6 %81 ™M 07 39133eR sze |
sjusvmoy  (wnp) 3F (09s/33) (1sd) elRq (g1 uoradraosag ydr1d _
2980dy £3T10019A aanssaag youne] Yy31oM 9TOTUdA _
9122ny yosaag
|
(p,3uochy IT TIAVL W
-
i
L]
S ] e P
. - T —— v i S SV T I
e o 2 s FITE o RN, PRI TRy e o B T T D WOV VLR NE AP L ST | 3 Lo ko e i AV Soan b ki S i




(£x0309frva3 Jeap
paepuels juafearnbs Jo
£3710019A 9122ZnyR) aepry :q

. LT T Ve T — .

N S

+ g i e e e

uoT IVNOrAY 3axog cqd

11099y
3WNRTOA a2qWey)

o9y
4D

3y8taM 38aeyn :
3ysray Jous Sy

o aqoag sa8nen aoysnas :TIH peoT wey Ty
. N 1e9Ta309219 :J9 98nen utea3lg :3g 9oue3ISTQg wey ‘ay IY319M SIOTYSA M
-
8y ur gz :Eg 93a S8 A
(0019) :¥ ur G°Ghy 09y (22 "WBRW) Isv 0Z1¢
(11 §3INns9y bl 00L°6E A 098 wo VRL 9T S .9 =unp %7
*ITeal deas Inq QOO0 °OYy 3IuLISTSUOOSUT Q09 °HY :TINW suol 11 O 8T% M 3urdaaed (Z PON) NMOLITES
£30309f®I3 poOOYH ‘yq :dg  000°sE :as uT /8T . 18T %M 0C 3I9T3IIBR 8€¢
sjuswwo)y  (Ww})33 (°°s/33) (¥sd) eleq (21 uotradraosaq 311
298ady £37007T97 aanssaag youner] y31op 3 [2IYsp
91220y yooaag
(P,3U0D) TII ATAVL
- e T AT T e e e Rt e e

"

iR




[P

| N e T TR e

e T

- e e e

I-.21

Three shots had BML (Ballistic Measurements Laboratory) payloads,
1750 MHz telemetry with Langmuir probes; two of these were piggyback
experiments on TMA rounds. No telemetry was received from the first
round, No. 204~ALPHA. The high velocity ~ kigh drag flight with a low
apogee indicated some structural damage to the vehicle, and since two
targets were seen by radar, it is assumed that a section of the nose
cone broke off causing telemetry failure. In the second round, No,
207-DELTA, very weak telemetry signals were received from 4 to 30 seconds,
probably due to a broken soldered antenna connection, but strong and
normal signals from 109 seconds on for over 200 seconds urtil impact;
apparently heating of the separated antenna connection repaired it.
Although the Langmuir probe data received after 109 seconds were noise
free they were not usable since the amplifier was saturated indicating
a low resistance between the probe tip and the projectile body; this
was possibly due to a charred or contaminated insulator section. The
third BML shot, No. 213-KAPPA, was identical to the DELTA round except
that a Martlet 20 (Mod 3) vehicle was used and no T™A was flown. The
trajectory was successful but no telemetry signals were received; it
is assumed that a partial loosening of the nose cone caused a failure

of the antenna connection,

A summary of the flight results of these Martlet 2C rounds is

given in Table III.

3.3 Test Slug Rouunds

Ten test slugs were fired during the period of the report to
test the performance of gun, propellant, and a sabot model, One of these
ten rounds,No. 229, had a special task to simulate the weight and charge
of the prototype Martlet 2G-1B, and to test the instrumentation to be

employed in the following round.
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All these rounds gave satisfactory results with the exception
of No. 216. 1In this round a wood slug was fired for seating of the
obturator seals only, but the slug was disintegrated in the barrel. The
first round of the period reported upon, No. 180-ANTIGUA, was an aluminum
body, lead-filled, without fins, to test an aluminum sabot. The remaining
eight slug rounds had the purpose of gun (liner, sleeve, welds) and
propellant testing. The slug of No. 183-MURPHIUS, was a Martlet 2C
wooden model launched with an aluminum pusher plate; the model was
recovered, and fired again in Round No. 187, surviving also the second
firing., 1In three rounds, Nos. 185, 186, and 197, laminate wood slugs
with aluminum ends were used, and in two further rounds solid wood
cylinders with attached pusher plates were fired to test the performance
of the propellant, a new gun sleeve, and the durability of the welds in
the chamber,

A summary of the flight results of all slug rounds is given

in Table 1IV.

3.4 Martlet 2D Firings

The Martlet 2D was originally designed as a scaled~up version
of the Martlet 2C to double the TMA payload capacity, and the first model
was launched in March 1965, Since it was decided to replace this model
by the Martlet 2G, two still availabie models were used in the report
period for structural tests, One round, No. 184-~DOMINICA, fired in
February 1966, had the same body as the prototype, only the fin configura~
tion was changed (Fig. 1.2a), and an aluminum sabot was used. 1In this
round, however, which also had the purpose of testing the gun liner
(see Section 2.0), the vehicle failed at launch, and tne liner came
out entirely. For the second round, No. 234-ACCRA, in June 1967, the

body shape was changed, providing for a cylindrical instead of a :apered
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I-30
afterbody section in the fin region (¥ig. 1.2b). The payload was a 10

1b, payload of TMA with puff-puff release, The release valve operated

satisfactorily throughout the flight; the apogee, however, was not high

enoigh for the usual trail, The high drag trajectory could be explained

by a broken fin which was later discovered in the launch area.
A summary of the flight results of these two rounds is given

in Table V,

3.5 Martlet 2G Firings

The Martlet 2G was designed to replace the Martlet 2D by
providing even more 1MA capacity, i.e, up to 28,5 lb which is about
five times the capacity of the Martlet 2C, The diameter of the cylind-
rical centre section is 7 inches; the afterbody boattail has a base
diameter of 5 inches, and the total length of the vehicle attains
89,5 inches (Fig, 1.3), The vehicle is designed for a centre sabct
18.5 inches Long with a diameter of 16,6 inches,

Three Martlet 2G structural test vehicles (Fig, 1,3) were
fired in the veport period, all with the same external dimensions but
with some structural changes from one vehicle to the other, The first
of the three rounds, No, 202-FERNANDE, carrying a 25 1b ™A payload,
had an aluminum sabot with modified American Stcndard buttress grooves.

In t9i~ round, the vehicle app. .ently suffered severe damage inside the

gun and broke up completely, The cause of the failure was attributed to

poor charge ignition (single point ignition) which shot the heavy
propellant bags against the vehicle boom, The vehicle of the second
round, No, 215~-INDEPENDENCE 2, was structurally exactly the same as
FEENANDE, The aluminum sabot had an American Standard tuttress thread
instead of grooves as in No, 202, and the lightening holes were driiled

rather than milled, to reduce the manufacturing cost. The vehicle
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carried a dummy payload of kerosene. This round was again not success-
ful; smear photographs indicated a failure at the vehicle boom. For
this reason, the boom material was changed to AISI 4340 Rc 43 to
increase the boom strength, and the lightening holes in the aluminum
sabot were filled with 7075 T-6 aluminum pipe to reduce the radial
stresses, thus increasing the vehicle and sabot weight., With these
changes, Round No. 226 - SHANKILL, carrying a kerosene payload and a
dummy release valve was successful with a perfect trajectory.

A summary of the flight results is given in Table VI,

3.6 Martlet 2G-1 Firing

The Martlet 2G-1 was designed as a multistage vehicle, carrying
rockets to obtain higher apogees or to put a payload into orbit, The
first vehicle launched in Barbados was the Configuration "B", a cone-
cylinder-boattail configuration with a maximum body diameter of 11,32 in,
a total length of 178 in, and a fin span of 16,68 in (Fig, 1.4). A
center sabot 34 in, long was used, The vehicle carried a dummy rocket,
and within the dummy nozzle of the rocket a radar chaff package. At
the forward end of the single stage rocket a payload canister was bolted,
identical to those intended to be used in the live rocket flights. The
rocket including nozzle and payload was supported within the vehicle by
immersion in a liquid, a solution of zinc-bromide and water. A BRL
1750 MHz transmitter was installed at the aft end cf the stabilizer boom,
The payload canister contained, awmong other vehicle system elements, the
250 MHz telemetry package.

The round was preceded by a successful firing of a slug
intended to test the propellant, ignition system, gun performance,
instrumentation, etrc, for a shot weight of the Martlet 2G-1 magnitude

(No. 229 -~ see Section 3.3), The Martlet 2G~1 (Round No, 230 - BRONSON)

AU - ~- e A —— At . b g =

g e
.




uor3enoeay aiog  :qg
| TI009y 09y
_ aepey Y swnyop Isqueyn :AYD y8rapM adaeyn 0]
98ney IaysnuLy :TINW peoq wey Ty yStepM 30oys :%m
3qory TedTa9[Y 43 93nen urea3lg :3¢g 2ouelsTq wey Q¥ yS3ToM OIOTYIA MM
*uogysid “ .
ou 3Ing daieh i :
oN  ‘3d sseaTex Auump 993 08 O ; ‘
ut 6¢ 199y (522 ‘Tou) e pue peot ISV s91 | |
*oToTYdA (0oL) ¢UT 0§6°6€ *AUD 0°GLL :0 ~fed sussoxoy 983 L1 f
30 Y8113 3I09313d 00/ °8CT 008°TE :TIN suo3 g1 7y S 9¥s oM e Sutdazed TIINNVHS ‘ "
{punox [nygsadong R 00¢S :4d3 000°Z€ 38 uT 881 Q4 0°€EE M oz 3IRT3IIBN ¢ : N
i H
! m
< m :
[ak]
. ) ON :d99 93a $8 A : |
R EELE uT gy 09y (52T 1) ISV 60LT | .
2TOTY2A IB31 UT (%°€) gUT 00T 6€ :AUD 008 30 peorded Ino 99 92q %1 | _"
2anTTej 1ean3dniaig 000°1T - GTIR suo3 00T T Sty S -q3ITIM STOTYSA T FONIANIJIANI ! w
*Ingssadonsuf ‘d - 33 000°s®?  :3g ut %87 ad Y 9Z 3ILTIARR ST¢ m
!
ON :3d wSTUBYOIW ISEBOT DEQ 08 Id *
"pounsse uT g6z 1909y (ST 1) ~21 KeTop YITA ISV 2250 |
ung uT TOIY2A gUT 0S6°6€ *AUD 0°00¢  :D VL Jo peorded 99 3ny /1 N
, 3o =anyTej 0u9°e€ :TIW suo3 %z e 0°89% :SM e Surfixed AANVNIET :
*Inyssadonsuf - ¥ o7TG :4d4 - $38 ut 8871 et c*18z :%m OC 3ILTIIBR [Avr4
§3uauWOYH (wi)33 (o9s8/33) (1sd) vleQq (a1) uotr3draosag y381Ia w
a930dy £3T00T9A aanssalg younery ySropm 3TOTYaA !
aTzznR yoooag .
SONIYId 9 ILIILIVH
IA JT9VL w
:
- o - o L s v st b, e s AT WL RS TS AT T ST T T S
et b e " o aditen




’ susidylefiog~a0reaniqy (g)
upxa1-1aoeds (L)

9% §/0L wniy-3oqes a13uay (9)

uexa7-u03s1d (G)

9% SL0L wniy-4pog uizTrer (%)

ov1y 1SIv-4Apod (€)

O%Eh 1SIV-9seg auo) asoN (T)

9L GL0L wniy-3uo) asoN (1)

£132W913],
a93sTuR) proidled-

A1quassy ,(ss®e1830q14) aojeaniqo {pog
{39008 201~/ azowdg -y ! uo3sig ulyITel —
s /

T duop 9soN

8n1g Liquassy
: Isqueyp- uoiseaedog a3ulH —

owe e L B s e s N
E 3 pr e g f,/il(a— P LT, ETIREN v - - B .
.1 - R

as .

16~-192 13TV #%#°T1 °*OId

:STeTIviBN

/
89°91 / (A ¥ msﬂm
*®Iq 30qeS . °BIQ 319TYap .»_ \aoom
“ n

f oy

X T T ~ ﬂ

AN

XN AN}
X
>
.

TR
N>

X

WY
_Fﬂuhnu.u/' raas

T - SLo R - [
i U0 °%¢ SL8°L9
00°8L1

A
Mm'x:w.%f.xexm\;
\M\- /\\\Al;l NNXK AN

N LN N RN NN

‘eIq uld T

XA NN N

A > an NN Xy

XX AN A AAAR KNV K

BPUUSIUY -

e, e e Ve —

. e o A - - e - - e et - - P e P

Mg s S o sl s g e "y




1L

R Reaie o ! T

b 1 M

T L) R CSNCELT W e wt B P U ade o

I-36
was launched five days later, on the 28th of May, 1967, 11 this round,

however, the breech pressure of 47,000 psi was higher by 36% than that
of the slug shot, and this probably resulted in launch stresses that
exceeded the strength limitations of the body section in the region of
the sabot, A breakup of the vehicle followed, apparently already in
the gun although the gun was found to be undamaged,

A flight result summary of this round is given in Table VII,

For a detaiied "Pcst-Launch Report'", see Ref, 9.

3,7 Lahive Test Rounds

The low-Altitude, High-Velocity Experiments (Lahive) Program
was initiated by the U,S. Army to obtain data necessary for a proper
design of vehicles operating in the low-altitude, high-velocity regime,
The test vehicles developed for these experiments were 10 degree and
15 degree cones, and bodies with a 15 degree flare, all with a base
diameter of 14 inches (Fig, 1.5). A number of structural test firings
had taken place at the horizontal Highwater range. Three further
structural and test flights were made during the report period at Barbados
with a launch elevation of 80 degrees, In Round No, 231 - BANNOCK, the
Lahive flare body was launched; in the following two rxounds, No, 232 -
CAMERON and No, 233 - DUNOON, the 15 degree and 10 degree cones were
tested, All three rounds were successfully launched; velocities over
the first 150 ft of the trajectory as evaluated from the camera records
were 6000, 6820, and 5560 ft/sec, The last round's low velocity, in
spite of higher breech pressure, and the recovered pusher plate which was
buckled ~-nd gas washed, possibly indicated a failure of the pyrotechnic
payload of this round, causing souwe flight disturbance.

A summary of the flight results is given in Table VIII,
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4,0 RESULTS

4,1 Gun and Propellant Ballistic Performance

The maximum breech pressures measured by crusher gauges and
a strain gauge are given in Table IX for all 59 rounds. The agreement
between strain gauge and crusher gauge data is satisfactory, with the
exception of the last four rounds in the June 1967 series; the strain
gauge data which are considerably lower than the crusher gauge results
are probably not reliable owing to incorrect calibration. Muzzle
velocities obtained by electrical probes are also included in Table IX
and compared with the velocity data of the equivalent standard drag

trajectories and the results of the photographs.x)

In most of the rounds spacers were used between the charge
bags, unless the charge was so large that it filled the chamber com-
pletely, This method of loading had the advantage of giving a very
smooth pressure-time curve; the effect on the pressure-muzzle vel-

ocity relation was insignificant,

From December 1966 on, Round No, 214, the multipoint ignition

method was employed, reducing the maximum pressure considerably but
increasing the muzzle velocity at the same pressure (Ref. 10). In most
of the rounds with multipoint ignition, Pyro propellant was used. Test

data are shown in Fig, 1,6 in comparison with the standard muzzle vel-

%) In Table IX only the West Fastax results are included, The East
Fastax films gave, on the average, muzzle velocities approximately

- 300 ft/sec higher than the West Fastax data, This discrepancy may be

related to the timing system for the cameras: the reported framing
rates of East Fastax were always higher than those of West Fastax.
The West Fastax data, however, are considered to be more realistic
as they agree better with the muzzle probe data where available,
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ocity-pressure curves for the M84,22 and .27, and WM, 225 with single
point ignition. It was found that Pyro with single ignition gave
erratic results, In some rounds with single ignition, M6,050 and

WM, 048 propellant was added to the Pyro, and inconsistent results

were obtained; it appeared that the propellant performance was sensitive
to spacing as well as to the amount of M6, The effect of wrapping WM

around another propellant was an increase in the burning rate,

¢ .2 Trajectory Results

A summary of the apogees and ranges obtained is given in
Table X for all rounds. In several rounds apogee and range were
measured by radar; where not, the apogee data were calculated from the
available radar data, and the range data estimated from the apogee and

computer results,

The apogee of the synoptic night series was, as usual, well
above the 100 km level with up to 140 km in the rounds using M8M or
WMM propellants. The Pyro rounds gave lower apogees, between 110 and

120 km but with a remarkable uniformity.

The record apogee obtained with the 16 inch gur in Yuma,

November 1966,was 180 km = 112 miles.

Tables of the MPS-19 radar trajectory data are given in

Part III,

4,3 T™A Trail Results

Most of the thirty-five TMA rounds, twenty-seven of them

fired in three nine~round synoptic series, produced satisfactory trails
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for wind data evaluation, and good photographs were obtained, Aa
examples, trail photographs of Shot No, 181, Trail No, 43, are shown

in Fig, 1.10a,b,c, and d,

The apalysis of these trails was made by Space Instruments
Research, Atlanta, Ga,, to give wind components, wind spced, and wind
direction (Refs, 12 to 15), Tables and graphs of all these data for

twenty-six rounds are given in Part IV,

The three synoptic series with their largc number of trails
available during the night hours from 2000 to 0500 (AST) made it
possible to draw contour charts of the wind components, These are
given in Fig, 1.7 for the night of February 23/24, 1966 (already
published in Ref, 11),in Fig, 1.8 for the night of September 19/20,
1966 and in Fig, 1.9 for the night of February 15/16, 1967, It is
of interest to note that the meridional contours show a definite
descent of the constant wind speed lines throughout the night, whereas
the zonal contours do not, This has already been observed. in previous
series, Not so clearly is this shown in Fig, 1,9a of the February 1967
series, In this case, however, the available data were not so as to

define clearly the contours.

For a more detailed analysis of the nighttime variation of

the ionospheric winds, see Ref. 11,
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FIG, 1.10a INAUGUA TRAIL
AT T + 130 SEC (BARBADNS STATION)
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FIG, 1.10b INAUGUA TRAIL
AT T + 190 SEC (BARBADOS STATION)
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FIG, 1.10c INAUGUA TRAIL ;
AT T 4 250 SEC (BARBADOS STATION) i
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FIG, 1.10d INAUGUA TRAIL
AT T + 377 SEC (BARBADOS STATION)
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5.0 SUMMARY AND CONCLUSIONS

The 1966/67 series of gun firings from the 1l6-inch Barbados
gun continued successfully thz vehicle, instrumentation and payload
development tests in addition to the gathering of ionospheric wind
data and their correlation with ionosonde drift data,

The performance of the gun was satisfactory, and the new
methods of loading with spacers and multipoint ignition proved use-
ful, %he test with various propellants gave an insight into their per-
formance, The best results were still achieveu with M8Y or WMM pro-
pellants, but it was remarkable that good and acceptable results could
be achieved with the less expensive Pyro propellant under proper firing
conditions, The installation of a permanent gun liner, to reduce the
barrel taper, also proved successful,

The Martlet 2C displayed the usual reliability. The Martlet 2D
design had been abandoned in favour of a much larger Martlet 2G; two .
still available Martlet 2D vehicles were used, however, for tests in
connection with the gun liner and a ™A puff puff release system, The
Martlet 2G model was successful in one round with a muzzle velocity of
5200 ft/sec, achieving a perfect flight trajectory,

The performance of the TMMA payloads was satisfactory as usual.
The Sofar sea impact device did not function although in one of the two rounds
the impact of the shot was heard by underwater microphones, However, this:
information on faulty performance was an important engineering result
regarding future plans for this device,

The rounds with telemetry packages were partially successful,
In some shots, telemetry failure was apparently caused by the nose cone
becoming loose or breaking off, It was afterwards discovered that there

was an insufficient area of fiberglass at the base of the nose cone to

e i
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support it during launch acceleration.

It can be concluded that the tests of the report neriod have
demonstrated a further progress in the gun launching technique and the
development of instrumentation capable of withstanding the high launch
accelerations,

In the four and a half years since the first shot from the
Barbados gun in January 1963, a total of 238 rounds were fired with
an increasing success ratio, The Martlet 2C vehicle, the work horse
for scientific experiments, has proven highly reliable, and TMA synop-
tic firings have become routine with a firing rate of more than one
round per hour., Development of larger models for scientific tests and
for multistage rockets has been promising, clearing the way for a
successful progress of the second part of Project HARP, i.e. firing

rocket assisted vehicles to higher altitudes aand into orbit around the

earth,

i
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DETAILED FLIGHT PEXFORMANCE

ROUNDS No, 180 - 238

FEBRUARY 1966 - JUNE 1967

Round Vehicle

No. Name Martlet Page Figures
180 ANTIGUA 2C Slug 11-3 2.1

181 INAUGUA 2C Mod 2 1I-6 2.2, a
182 CUBA 2C Mod 2 I1-10 2.3, a,
183 MURPHIUS 2C Slug II.15 -

184 DOMINICA 2D II-17 -

185 S1 Wood Slug II-19 -

186 s 2 Wood Slug II-21 2.4

187 S 3 Wood Slug 1I-24 2,5

188 JAMAICA 2C Mod 2\ 1I-.27 2.6, a
189 ST, KITTS 2C Mod 2 II-31 2.7, a
190 ST, LUCIA 2C Mod 2 I1-35 2,8, a
191 MONTSERRAT 2C Mod 2 Sk II-39 2,9, a
192 NEVIS 2C Mod 2 II-43 2,10, a
193 OCHO RIOS 2C Mod 2 1I-47 2.11
194 PUERTO RICO 2C Mod 2 I1-50 2,12, a
195 LA RAIZET 2C Mod 2 II-54 2.13a
196 ST, THOMAS 2C Mod 27 I1-.57 2,14a
197 S 4 Wood Slug 11-60 -

198 ELEUTHERA 2C Mod 2 11-62 2,15a
199 FLAMINGO 2C Mod 2 II."S 2.16a
200 DONNA 2C Mod 2 1I1-68 2.17a
201 ] Wood Slug 11-72 -

202 FERNANDE 2G I1-73

203 TS Wood Slug 1I-75 -

204 ALPHA 2C Mod 2 II-76 2,18, a
205 BETA 2C Mod 2 I11-80 2,19, a
206 GAMMA 2C Mod 2 \ 11-84 2,20, a
207 DELTA 2C Mod 2 II-.89 2.21a
208 EPSILON 2C Mod 2 1I1-93 2.22, a
209 ZETA 2C Mod 2 II-97 2,23, a
210 ETA 2C Mod 2 I1-101 2,24, =
211 THETA 2C Mod 2) I1-105  2.25, a
212 I0TA 2C Mod 2 II-109 2,26, a
213 KAPPA 2C Mod 3 Ii-113 2,27, a
214 INDEPENDENCE 1 2C Mod 2 11117 2.28, a
215 INDEPENDENCE 2 2G II-122 2,29
216 IS Wood Slug I1.125 -

* Synoptic Series
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DETAILED PLIGHT PERFORMANCE (Cont'd)

Round Vehicle
Ro, Name Martlet Pages Figures
217 ANTRIM 2C Mod 2 11-126 2,30, a
218 BELFAST 2C Mod 2 | 11-130 2,31, a
219 CORK 2C Mod 2 | II-134 2,32, a
220 DUBLIN 2C Mod 2 L* I1-138 2,33, »
221 GARVAGH 2C Mod 2 I1-142 2,34, a
222 HOLL YWO0OD 2C Mod 2 II-146 2,35, a
223 KERRY 2C Mod 2 11-150 2,36, a
224 LIMERICK 2C Mod 2 11154 2,37, a
225 NEWRY 2C Mod 2 I11-158 2.38, a
226 SHANKILL 2G I1-.1562 2,39, a,
227 BANGOR 2C Mod 2 II-167 2.40a
228 DONAGHADEE 2C Mod 2 I11-170 2.41, a
229 TS No. 25 Metal TS 11174 2.42a, b
230 BRONSON 2G1-B1 11-178 2,43
231 PANNOCK LAHIVE FLARE 11.182 2.44

BODY
232 CAMERON LAHIVE 15 deg II-185 2.45, a

cone
233 DUNOQON LAHIVE 10 deg 1I-189 -

cone
234 ACCRA 2D 11-191 2,46a
235 CAIRO 2C Mod 2 I11-194 2.47a
236 DURBAN 2C Mod 2 I11-197 2,48, a
237 ENTEBBE 2C Mod 2 11201 2.49, a
238 FREETOWN 2C Mod 2 11-205 2,50, a

% Synoptic Series

»
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Round No, 180 - ANTIGUA

Date: 17 February 1966 - 1334 AST

Vehicle Description: Martlet 2C slug (aluminum body, lead-filled,

without fins) with aluminum sabot.

Purpose of Test: Engineering test of aluminum sabot.

Weights: Vehicle 183.0 1b
Pusher and Obturator 117.5 1b
Sabot 73.0 ib
Shyt Weight 373.5 1b

Centre of Gravity: 19.9 inches from base,

Laurch Data:

Charge Weight 900 1b M84,270 (10 bags)
20 1b WM, 048

Spacing of Charge 340 x 300 x 280

Swedish Additive 15 sheets

Igniter 500 grams/bag (Al Powder)

Gun Elevation 85 deg

Crusher Gauges and Coppers Mili: 3

Ram Distance 215 in

Ram Load 20 tons 3

Chamber Volume 45,700 in

Recoil 39.5 in

Breech Pressure M1l: 48,100 psi

Strain: 46,500 psi (Fig., 2.1)

Note: No evacuation (Mylar cover split at 15 in, vacuum of Mercury).

Camera Records:

The rear Smear camera did not record the vehicle since it was
obscured in a smoke cloud, The front Smear camera recorded the nose of
the vehicle which was visible above the smoke cloud.

All Fastax cameras functioned properly with the exception
that there were no time marks on the East Fastax camera centered 140 ft

ahead of the muzzle, Evaluation of other photographs gave the following
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muzzle velocity?

West Fastax (6 in, lens, 160 ft above muzzle) - 5900 ft/sec, ;

Radar Records:

Both the M~-33 and the MPS-19 radars failed to sight the vehicle., )

Trajectory:

No data were obtained for the trajectory.

Summary:
f
The photographs show that the slug was launched intact. The
shot was considered to be a success since the light weight aluminum 1

sabot functioned satisfactorily,

S chd
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7100 psi/division

10,350 psi/ohm
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ANTIGUA

17 February 1966 - 1334 AST

BREECH PRESSURE

CALIBRATION

we-4 ohms

TIME
20 milliseconds/division

Maximum Breech Pressure: P . = 46,500 psi

Charge: 900 1b M8M ,270
20 1b wM ,048

FIG. 2.1 STRAIN GAUGE RECORD OF BREECH PRESSURE

ROUND ANTIGUA




Round No, 181 - INAUGUA

Date: 17 February 1966 - 2103 AST

I1-6

Vehicle Description: Martlet 2C (Mod 2) with wood sabot carrying a

payload of 5.5 1b ™A with delay release mechanism,

Purpose of Test: Measurement of wind profile,

Weights: Vehicle

Pusher and Obturator

Sabot

Shot Weight

183.5 1b
120.8 1b
105.5 1b

409.8 1b

Centre of Gravity: 22,5 iuches from base,

Launch Data:
Charge Weight

Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Note: No evacuation (Mylar cover split after 6 min., of evacuation),

Camera Records:

900 1b M8M.270 (10 bags)
20 1b WM,048

340 x 200 x 280

15 sheets

500 grams/bag

85 deg
M1il: 3

222 in
20 tons
47,200 in
41 in

3

M1l: 50,000 psi
Strain: 50,000 psi (Fig. 2.2)

Smear and Fastax cameras were not used,

Radar Records:

FER N —
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The M~33 radar tracked the vehicle from T + 7 sec to T + 31
sec, The MPS-19 radar tracked from T + 3 sec to T + 90 sec, Neither

apogee nor splash were observed.
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Trajectory:

The radar data are plotted in Fig. 2.2a in comparison with
the standard drag trajectory for a muzzle velocity of 5900 ft/sec

and 85.0 deg elevation. The apogee derived from the radar data was

400,000 ft = 122 km, and the total range was estimated to be 135,000 ft.

TMA Trail Resulis:

A very good IMA trail was photographed and wind data were

i T obtained between altitudes of 92 and 123 km,

; Summary:
[
5 The shot was successful, Trajectory and payload performance
}
P! were satisfactory and good wind data were obtained.
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INAUGUA

17 February 1966 - 2103 AST

{
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: L
E
TIME
20 milliseconds/division
Maximum Breech Pressure: P .. = 50,000 psi
1 Charge: 900 1b M8M ,270
F 20 1b WM ,048
3
3

FIG. 2.2 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND INAUGUA
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INAUGUA

17 February 19€6 - 2103 AST

@
A

STANDARD TRAJECTORY FOR 185 LB VEHICLE WEIGHT

MPS=19 RALAR
M~33 RADAR

©
50

4

60

85.0 DEG

5900 FT/SEC

40

VEHICLE WEIGHT 183.5 LB

APOGEE 400,000 FT

30

s

20

10 SEC AFIER LAUNCH

20
HORIZONTAL RANGE ~ KILOFEET

30 40

FIG, 2.2a MARTLET 2C INAUGUA ALTITUDE VS RANGE
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Round No. 182 - CUBA

Date: 18 February 1966 - 1101 aST

II-10

Vehicle Description: Martlet 2C (Mod 2) with Aluminum Sabot, and

carrying a 4 1b SOFAR impact device,

Purpase of Test: Engineering test of Aluminum Sabot and SOFAR impact

device,

4

Weights: Vehicle

‘ Pusher and Obturator

Sabot

Shot Weight

180,0 1b
117,5 1b
_13.01b

370.5 1b

Centre of Gravity: 22.4 inches from base,

Launch Data:

Charge Weight
Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pzessure

Evacuation

Camera Records:

All cameras function properly,

920 1b M8M,270 (10 bags)

340 x 300 x 280

15 sheets

500 grams/bag (Aluminum powder)

80.0 deg
Mil: 3

218 in
20 tons
46,300 in
39,5 in

3

Mii: 37,000 psi
Strain: 37,500 psi (Fig. 2.3)

27 in Hg of vacuum

graphs gave the following muzzle velucities:

West Pastax (6 inch lens, 160 f: ahead of muzzle): 5400 ft/sec

East Fastax (10 inch lens, 140 ft ahead of muzzle):

Evaluation of Fastax photo-

5800 ft./sec
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Radar Records:

The M=-33 radar tracked the vehicle from T + 7 sec to T + 46
sec,

The MPS-19 radar tracked the vehicle from T + 10 sec to
T + 90 sec, Apogee was recorded as 110,500 ft at T + 80 sec and

azimuth 115 deg.

Trajectory:
The radar data are reproduced in Fig. 2.3a. The vehicle had

a low flight with apogee (as measured by the MPS-19 radar) at 110,500

ft = 33.6 km, The range at splash was not observed,

Summarv:

This was an unsuccessful shot, Photographs (Fig..2.3b),
show a damaged vehicle with gas apparently ejecting from the nose cone,
This may indicate that the SOFAR bomb malfunctioned, burning and creat-
ing internal pressures that damaged the vehicle. The drag of the dam-
aged vehicle was apparently very high so that only a low apogee was

achieved.




10,670 psi/divisicn
BREECH PRESSURE

10,350 psi/ohm
CALIBRATION

5 ohms -

-
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CUBA

18 February 1966 - 1101 AST

TIME
20 milliseconds/division

Maximum Breech Pressure
Prax = 37,500 psi

CHARGE: 920 lb M8M .270

FIG. 2.3 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND CUBA
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Round No. 183 - MURPHIUS

Date: 20 February 1966 - 1751 AST
Vehicle Description: Wood test slug (Martlet 2C model) with a wooden
sabot and an aluminum pusher plate.

Purpogse of Test: The slug was fired to test an experimental liner in

part of the bore.

Weights: Vehicle 25 1b
Pusher and Obturator 107 1b
Sabot 100 1b
Shot Weight 232 1b

Gun Liner: The liner was inserted in the barrel at the breech end to
reduce the barrel taper caused by continuous wear. This
experimental liner consisted of four sections of mild steel
sheet, each four feet long; the two forward sections had
a thickness of 1/16 inch, the two rearwardl/8 inch., The
sections were placed in the barrel and then connected with
each other and the gun,

Launch Data:

Charge Weight 337.5 1b PYRO-ALN-IK-453 (3 Bags)
Igniter 500 grams/bag

Gun Elevation 80.0 deg

Crusher Gauges and Coppers M1l: 3

Ram Distance 192 in

Ram Load 40 tons

Chamber Volume 40,800 in3

Recoil 2,0 in

Breech Pressure

Evacuation

Camera Records:

M11: 11,000 psi
Strain: Not gvailable

No

All cameras functioned but only the muzzle flash was visible

because it was late in the day.

Radar Records:

No radar data are available,

vehicle and there was no report from MP3-19,

S L | R O SRS

The M-33 radar did not sight the
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Trajectory:

No trajectory data obtained,

Summary:

The wooden vehicle slug was recovered a few yards behind the

Instrumentation Hut, The steel liner proved satisfactory with the

small charge of this round; only the very thin sections were slightly

wrinkled so that minor repairs and welding was needed,
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Round No, 184 - DOMINICA

I1-17

Date: 21 February 1966 - 1030 AST

Vehicle Description: Martlet 2D with aluminum sabot,

Purpose of Test: Engineering test of vehicle and aluminum sabot,

Weights: Vehicle

Pusher and Obturator

Sabot
Shot Weight
Launch Data:
Charge Weight
Swedish Additive
Spacing of Charge

Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

All cameras functioned,

of the vehicle were recorded,

Radar Records:

279.25 1b
126,75 1b
68.00 1b

474,00 1b

900 1b M8M,270 (9 bags)
15 sheets

300 x 300 x 300

500 grams/bag

80.0 deg
M1l: 3

192 in
20 tons 3
40,800 in
41 in

M1l: 43,500 psi
Strain: Not available

No

Only what appeared to be fragments

The vehicle was not sighted by any of the radars.

Trajectory:

No trajectory data obtained,
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Summary: _

This vehicle failed in the barrel, and the gun liner which had
been installed in the previous round (No. 183 - Murphius) came out
entirely, It was not possible to determine whether the experimental

sleeve or the vehicle cauged the failure,

ezn
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Round No. 185 - WOOD TEST SLUG #1

Date: 21 February 1966 - 1543 AST

Vehicle Description: Laminate wood slug with aluminum ends,

Purpose of Test: Test of propellant and gun,

Weight: Vehicle and shot weight 394 1b.

Launch Data:

Charge Weight
Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuataion

Camera Records:

800 1b WMM,225 (8 bags)
15 sheets

300 x 300 x 200

500 grams/bag

80 deg
M1l: 3

206 in
40 tons 3
43,800 in
36 in

M11l: 38,000 psi
Strain: Not available

No

The smear cameras obtained good pictures of the vehicle

although with some blurring.

the following muzzle velocities:

Evaluation of Fastax photographs gave

West Fastax (6 in, lens, 160 ft ahead of muzzle) - 5600 ft/sec

East Fastax (10 in. lens, 140 ft ahead of muzzle) - 5900 £t/sec

Radar Records:

Neither radar sighted the vehicle,

Trajectory:

No trajectory data obtained.




the trajectory was not observed, photographs show that the siug was

II1-20
Summary:
This was a successful test of gun and propellant. Although
launched intact,

g
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Round No, 186 -« WOOD TEST SLUG #2

Date: 21 February 1966 - 1705 AST

Vehicle Description: Laminate wood test slug with aluminum ends,

Purpose of Test: Test of propellant and gun,
Weights: Vehicle and Shot Weight 390 1b.

Lauvach Data:

Charge Weight 875 1b WMM, 225 (9 bags)
Swedish Additive 15 sheets
Spacing of Charge 300 x 300 x 275
Igniter 500 grams/bag
Gun Elevation 80.0 deg
Crushter Gauges and Coppers Mil: 3
Ram Distance 208.5 in
Ram Load 40,0 tons3
Chamber Volume 44,300 in
Recoil 36 in f
Breech Pressure Mll: 47,600 psi
Strain: 48,300 psi (estimated)
(Fig., 2.4)
Evacuation No

Camera Records:

The rear smear camera and all Fastax cameras functioned well,
The rear smear showed that the test slug was launched intact.
The following wuzzle velocities were evaluated from Fastax

photographs:

West Fastax (6 in. lens, 160 ft ahead of muzzle) - 6100 ft/sec

East Fastax (10 in. lens, 140 ft ahead of muzzle) - 6400 ft/sec

Radar Records.

There were no radar data. The M-33 radar did not sight the

vehicle and the MPS-19 observed only the gas cloud.
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Irajectory:

No trajectory data available.

Summary:
This was a successful ballistics test Although the tra-

Jectory was not. observed, photographs show that the slug was launched

intact,

3
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WOOD TEST SLUG #2

21 FEBRUARY 1966 - 1705 AST

”~~
o
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ol 172}
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TIME
20 milliseconds/division
Maximum Breech Pressure: Pmax = 48,300 psi (estimated)
\ CHARGE: 875 1b WMM,225
F FIG, 2.4 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND WOOD TEST SLUG #2
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Round No, 187 - WOOD TEST SLUG #3

Date: 22 February 1966 - 1300 AST

Vehicle Description: wooa test slug - the recovered Martlet 2C model
of Round Murphius - with wooden sabot and an aluminum pusher
plate,

Purpose of Test: Test of gun and propellant,

Heights: Vehicle 25,0 1b
Pusher and Obturator 95,5 1b
Sabot 100.0 1b
Shot Weight 220,5 1b

Launch Data:

Y

Charge Weight 560 1b PYRO (5 bags)
Igniter 500 grams/bag
Gun Elevation 80.0 deg
Crusher Gauges and Coppers M1l1l: 3 !J
3
Ram Distance 223,5 in 3
Ram Load 6 tons 3 ]
Chamber Volume 47,500 in
Recoil 7.5 in %
Breech Pressure M1l: 6,000 psi %
Strain: 6,000 psi (estimated) ;
(Fig. 2.5)
Evacuation No
Camera Records: 3
3
Both smear cameras obtained good pictures of the slug, The %
3
East Fastax camera did not function., The West Fastax camera only g
obtained images of the muzzle blast. g

Radar Recoxds: 4

The MPS-19 radar tracked only the base of the vehicle. The

M-33 radar did not sight the vehicle,

N
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Trajectory:

No trajectory data were obtained.

Summary:
The shot was successful, The vehicle was recovered between
the West Fastax Station and the ocean; this was thus the second round

the vehicle had survived,

-
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WOOD TEST SLUG i3

22 FEBRUARY 1966 - 1300 AST

BREECH PRESSURE

7,000 psi/division (estimated)

TIME

20 milliseconds,’division

Maximum Breech Pressure: Pﬁax = 6,000 psi (estimated)

CHARGE: 560 lb PYRO .048

FIG, 2.5 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND WOOD TEST SLUG #3
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Round No. 188 - JAMAICA

Date: 23 February 1966 - 1836:30 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

MA with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle

Pusher and Obturator

Sabot

Shot Weight

183.5 1b
120.8 1b
105.C 1b

409.3 1b

Centre of Gravity: 22,5 inches from base,

Launch Data:

Charge Weight
Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Note: The Mylar cover split when an attempt was made to evacuate

the

he gun ba

Camera Records:

Smear and Fastax cameras were not used for this shot,

Radar Records:

The M-33 radar tracked the vehicle from T + 8 sec to T + 40

sec, The MPS-19 radar tracked from T + 10 sec to T + 100 sec.

930 1b M8M,270 (10 bags)

15 sheets
300 x 300 x 330
500 grams/bag

85.0 deg
Mil: 3

222 in

20 tons
47,200 in
41 in

3

M11l: 40,000 psi

Strain: 42,000 psi (estimated)
(Fig. 2.6)
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Neither apogee nor splash were observed,

Trajectory:
The radar data are plotted in Fig. 2.6a in comparison with
a standard drag trajectory for a muzzle velocity of 5800 ft/sec. The

apogee derived from the radar data was 392,000 £t = 119 km, and the )

-ot&l range was estimated to be 130,000 ft.

DA Trail Results:

Cameras and payload functioned properly. The ''sunset' blue

trail was clearly seen but no wind data could be evaluated.

Summary:

tita e WA ey A«ﬂ.«m., - AP

The shot was successful,
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JAMAICA

23 FEBRUARY 1965 - 1836.30 AST

BREECH PRESSURE

7,000 psi/division (estimated)

TIME

20 milliseconds/division

Maximum Breech Pressure: P ax 42,000 psi
max

CHARGE: 930 1b M8M.270

FIG, 2.6  STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND JAMAICA ‘
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JAMAICA

23 February 1965 - 1836:30 AST

—»—  STANDARD DRAG TRAJECIORY FOR o
185 LB VEHICLE WEIGHT 100
(® HPS - 19 RADAR
£\ M33 RADAR 0
90
9 80 . ,
8@
70 3
6 3
§ ~
d
: w
3 :
g 5 ;
[}
» 200 E
8 ( :
B
= 3
<
] 85 deg :
40/ 5800 ft/sec
| 'f
30/~ = VEHICLE WEIGHT  183.5 LB }
APOGEE 392,000 FT 2
&
d
100 i
20

10 SECONDS AFTER LAUNCH

0 10 20 30 40 50 o
HORIZONTAL RANGE - KILOFEET

FIG, 2,6a MARTLET @C JAMAICA
ALTITUDE VS, RANGE
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Round No, 189 - ST, KITIS

Date: 23 February 1966 - 2046 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

TMA with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

USSR e Ry R L R D M i LR

OF

-

T

Weights: Vehicle 183.0 1b
Pusher and Obturator 120.8 1b
Sabot 105.0 1b
Shot Weight 408.8 1b

Centre of Gravity: 22.5 inches from base.

Launch Data:
Charge Weight
Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

970 1b M8M,270 (10 bags)
Lot No, CAD 9034

15 sheets

300 x 300 x 370

500 grams/bag

85.0 deg
Mll: 3

222 in
28 tons
47,200 in
41.0 in

3

M1l: 44,700 psi
Strain: 45,000 psi (estimated)
(Fig. 2.7)

27 in.Hg

No Smear or Fastax cameras were used,

Radar Records:

The M-33 radar tracked from T + 5 sec to T + 33 secs aad

the MPS~-19 radar tracked from T + 10 sec to T + 90 sec. Apogee and

splash were not observed.
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Irajestory:

The radar data are plotted in Figure 2,7a in comparison with
a standard drag trajectory for a muzzle velocity of 6100 ft/sec. The
apogee derived from the radar data was 430,000 ft = 131 km, Total

range was estimated as 145,000 ft,

TMA Trail Results:

Payload and cameras functioned satisfactorily. A good treil
was photographed and wind data were obtained between altitudes of 87 km
and 131 km, with the exception for the region between 95 and 98 km; these
data are not thought to be accurate because of poor photographic results

in this region,

Summary:

This shot was a success, Trajectory and payload pe:iiormance

were satisfactory and good data were obtained on upper atmosphere winds,
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ST. KITIS

5 23 PEBRUARY 1966 - 2046 AST

G i, Al sl SN

7,000 psi/division (estimated)
BREECH PRESSVRE

TIME

20 milliseconds/division

Maximum Breech Pressure: Pmax = 45,000 psi (estimated)
CHARGE: 970 1b M8M.270

FIG. 2.7 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND ST, KITTS
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ST. KITTS
23 February 1966 - 2046 AST
’ | ]
% —r— STANDARD TRAJECTORY FOR 185 LB o /
: 1 B ¢ 90
. > ;
S 80
- A M- 33 RADAR 2
ETne
{ 300
e 10
j
g , i
% ~ 85 deg
T 8 : 6100 FT/SEC
1
g 20f————
i |
[}
N
.
>
( 2 '
I 30 @ o
{ VEHICLE WEIGHT  133.0 LF
¥ APOGEE 430,000 F7
] \
e 20 ‘
; 100 }————4€ f S PPN —
)
i ’ L] .
; /
L /
b |
. . l
i / 10 SEC AFTFR LAUNCH
; i Y
B /
} /'
0 10 20 30 40 50
HCRIZONTAL RANGE - KILOFEET
FIG. 2,7a MARTLET 2C ST, KITTS .

ALTLTUDE VS, RANGE
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Round No, 190 - ST, LUCIA

Date: 23 February 1966 - 2203 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.0 1b
MMA with delay reiease mechanism, The vehicle also carried
an HDL telemetry nose cone,

Purpose of Test: Synoptic measurements of wind profiles, and to test

the telemetry command receiver system,

Weightsg: Vehicle
Pugher and Obturator
Sabot

Shot Weight

184.0 1b
120.8 1b
103,0 1b

407.8 1b

Centre of Gravity: 22,5 inches from base,

Launch Data:
Charge Weight
Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Lead
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

975 1b M8M4,270 {10 bags)
Lot No, CAD 9032

15 gheets

300 x 300 x 375

500 grams/bag

85.0 deg
M1l: 3

222 in
28 tons 3
47,200 in
42 in

M1l: 43,500 psi
Strain: 45,000 psi (estimated)
(Fig. 2,8)

27 in Hg of vacuum

Smear and Fastax cameras were not used,

Radar Records:

The M=-32 radsr tracked the vehicle from J 5 5 _t» 7+ JJ gec

R SR
Lo, [

RN %
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There was very strong and regular cyclic variation in signal strength.
It finally faded completely and the M-33 radar lost track of the vehicle,
The MPS-19 radar tracked the vehicle from T + 10 sec to

T + 110 sec, Neither apogee nor splash was observed,

FrajectOtx:

The radar data are plotted in Figure 2,8a in comparison with
the standard drag trejectory for a muzzle velocity of 5800 ft/sec. The
apogee derived from the radar data were 383,000 ft = 117 km. The total

range was estimated as 130,000 ft,

IMA Trail Results:

The payload functioned well and a good trail was photographed

yielding data on winds between 95 km and 117 km,

Telemetry:

This round conteined a 421,5 MHz crystal controlled receiver
and a 245 MHz transmitter. The intended test was to send a 22 KC signal
to the vehicle via the 421.5 MHz ground transmitter and back to the
ground station via the 245 MHz transmitter., No siguals were observed,

The antennae used on tﬁe vehicle were flush mounted gquadra-

loop antennae,

Bummary:
The shot was a partial success, The TMA payload functioned
well but for unknown reasons the HDL nose cone telemetry failed to

work.
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7,000 psi/division (estimated)
BREECH PRESSURE

i1-37

ST. LUCIA

23 FEBRUARY 1966 - 2203 AST

TIME

20 milliseconds/division

Maximum Breech Pressure: Pﬁax = 45,000 pei (estimated)

CHARGE: 975 1b M8M, 270

FIG. 2.8 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND ST, LUCIA
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ST, LUCIA

23 PFebruary 1966 - 2203 AST

STANDARD TRA JECTORY FOR 115 LB |
VEH(CLE WEIGHT 100 Q -
® MPS - 19 RADAR
A M33 RADAR 90 & /
300 % O '.
700 - :
60 D8C ?
85 deg
5800 FT/SEC
i
500 :
B4 :
§ 200 7
S . :
"? 400"
5 < P :
VEHICLE WEIGHT  184.0 LB .
APOGEE " 383,000 FT :
_/
100 70 C
10 SEC AFTER LAUNG:
:"
, 10 20 30 40
; HORIZONTAL RANGE - KILOF™@T o
) S-St A4l FIG. 2.84 MARTLET 2C ST. LUCIA ' o
ALTITUDE VS, RANGE :
3
&
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Round No, 191 - MONTSERRAT

Date: 23 February 1966 - 2321 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

™A with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Heights: Vehicle 183.5 1b
Pusher and Obturator 120.8 1b
Sabot 103,5 1b
Shot Weight 407,.8 1b

Centre of Gravity: 22.5 inches from base,

Launch Data:

Charge Weight 975 1b M84,270 (11 bays)
(325 1b Lot No. 9034,
650 ib Lot No, 9032)

15 sheets

300 x. 300 x 375

Swedish Additive
Spacing of Charge

Igniter 500 grams/bag
Gun Flevation 85.0 deg
Crusher Gauges and Coppers Mlli: 3
Ram Distance 223.5 in
Ram Load 19 ions 3
Chamber Volume 47,500 in
Recoil 42 in
Breech Pressure Mil: 41,750 psi
Strain: 45,000 psi (estimated)

Fvacuation

Camera Records:

(Fig., 2.9)

28 in Hg of vacuum

Smeer and Fastax cameras were not used,

Radar Records:

The M-33 radar tracked the vehicle from T + 5 sec to T + 33
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Apogee and splash were not observed.

Trajectory:

The trajectory obtained from the radar data is plotted in
Figure 2.9a in comparison with a standard drag trajectory for a muzzle
velocity of 6100 ft/sec, The apogee derived from these :iata was 433,000

ft = 132 km, with a total range of 145,000 ft,

TMA Trail Results:

Cameras and payload functioned properly but photographs of
the trail were of poor quality because of bad weather, Only a small
portion of the trail (between 111 km and 120 km) was useable, and
resultant wind data are considered less reliable than for other shnts

in this series.

Summary:

The shot was a moderate success, The trajectory and payload
performance were satisfac~ory but as a result of poor weather conditions,
photographs cf the ™A trail were vof low quality and only wind data of

limited value were obtained,
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MONTSERRAT

23 TEBRUARY 1966 - 2321 AST

)
]}
&
o
g
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Lo ]
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A4
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0 0
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o M
3B
T 7
S m
A m
[«
o
[
~
TIME
20 milliseconds/division
Maximum Breech Pressure: Pmax = 45,000 psi (estimated)
CHARGE: 475 1b M8M,270
FIG. 2.9 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND MONTSERRAT
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_MONTSERRAT

23 Febrvary 1966 - 2321 AST

- . o —— vk -
g e e o bt v A

—e— 3TANDARL, TRAJECTORY FOR 185 LB 906) /
VEHICLE WEIGHT
J MPS - 19  RADAR
&
A\ M33 RapAR 80
300
70 dD
60
~= 85 deg ;
E"‘ 4
=] 50 6100 FT/SEC §
2 .
g
£ 200 - i
1 by
m 0 VEHICLE WEIGHT 183.5 LB %
[ :
a :
5 APOGEE 433,000 FT ;
5 \
-3 4
} ]
30 i
¥
1
25 5
100 [ >0 2
é
15 ’5
10 SEC AFTER S
LAUNCH :
5 ;
i
4
0 10 2D mora. )] . adls » s~ 5p 3
T ¥ e w e v W T v - WYV -
HORLZONTAL RANGEZ - KILOFEET §
FIG. 2,9a MARTLET 2C MONTSERRAT
ALTITUDE VS. RAMNGE %
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Round No, 192 - NEVIS

Date: 24 February 1966 ~ 0025 AST
Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

TMA with delay releasc mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle

Pusher and Obturator

Sabot

Shot Weight

183.5 1b
120.8 1b
106,0 1b

410.3 1b

Centre of Gravity: 22,5 inches from base.

Launch Data:
Charge Weight
Swedish Additive
Spacing of Charge

Igniter

Gun Elevation
Crusher Gauges aud Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Jamera Records:

975 1b M8 (12 bags)
(225 1b Lot No. 9030 218 Web.
750 1b Lot No. 9034 270 Web)
15 sheets
300 x 300 x 375
500 grams/bag

85.0 deg
Mii: 3

222 in

20 tons
47,200 in
42 in

3

M1l: 49,000 psi
Strain: 50,000 psi (estimated)
(Fig. 2.10)

28 in Hg of vacuum

Smear and Fastax cameras were not used.

Radar Records:

. == e ™n-33 radar did not track the vehicle, The tracking

transmitter became non-serviceable at the same time as the gun fired.

/o
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The MPS~19 radar t:racked the vehicle but no time scale was

availabie due to loss of communications with launch control at launch.

Trajectofz:

The trajectory (altitude vs, range) is shown in Figure 2,102
in comparison with the standard drag trajectory for a muzzle velocity
of 6300 ft/sec. The apogez derived from the radar data was 460,000 ft =

140 km, and the total range was estimated as 155,000 ft,

TMA Trail Results:

’ The payload functioned properly and a good trail was photo-

graphed, yielding data on winds between altitudes of 91 km and 122 km,

Summayx'y:

The shot was successful,
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NEVIS

24 February 1966 - 0025 AST

”~~
o
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A %’ 20 milliseconds/division
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¥
TIME
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Maximum Breech Pressure: Pﬁax = 50,000 psi {eatimated)
FIG., 2,10 STRAIN GAUGE RECOPD OF BREECY PRESSURE ROUNU NEVIS
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NEVIS !
24 FEBRUARY 1966 - 0025 AST ;
[
B i T © .
STANDARD TRAJECTORY FOR 185 LB |
VEFICLE WEIGHT |
i
©  MPS-19 RADAR ©
300 / !
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/
85 DEG
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-
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8
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5
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i
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HORIZONTAL RANGE - KILOFEET {
2
FIG. 2.10a MARTLET 2C NEVIS b
ALTITUDE VS RANGE 3
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Round No, 193 - OCHO RIOS

Date: 24 February 1966 - 0216 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1lb

MMA with delay release.

Purpose of Test: Synoptic measurements of wind profiles,

3 Weights: Vehicle 183.5 1b

Pusher and Obturator 120.8 1b
Sabot 106.0 1b
] Shot Weight 410.3 1b

Centre of Gravity: 22,5 inches “rom base.

Launch Data:

1 Charge Weight 965 1b M8M (13 bags)
| (610 1b Let 9034 .270 Web
& 355 1b Lot 9030 .218 Web)

b

‘ Swedish Additive

Spacing of Charge
Igniter |

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

15 sheets
300 x 30C x 365
500 grams/bag

85.0 deg
Mil: 3

222 in

14 tons
47,200 in
41 in

3

Mil: 53,500 psi
Strain: 53,000 psi (estimated)
(Fig. 2.11)

27 in Hg of vacuum

Smear and Fastax cameras were not used.

Radar Records:

The MPS-19 radar and the M-33 radar were unable to sight

the vehicle,
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Ros Irajectory:
> No trajectory data were obtained,
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™A Trail Results:

There were no results since the vehicle broke up at launch,

Summary:
This was an unsuccessful shot. The vehicle was recovered

at the end of the runway in damaged condition (without fins and nose

cone).,
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i
] |
£
i‘ OCHO ’.L0S
L ,
§ 24 Febrrary 1966 - 0216 AST

3 1
T Y
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1 o v '
: @ g --- "-'p.-' “tian, .m;m.“,'km‘ oy -
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3 3 0N
L o o TIME
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: T3 S milliseconds/division
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M
3 o

o
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\
ﬁ »

TIME :
1 '
1 20 milliseconds/division .
‘ &‘.1- .
Maximum Breech Pressure:Pp .. = 53,000 psi (estimated) i
CHARGE : 965 1b M8M .270 and .218
FIG. 2,11 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND OCHO RIOS
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Round No, 194 « PUERTO RICO
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Date: 24 February 1966 - 0327 AST

Vehicle Description: Martlet 2C {(Mod 2) carrying a payldoad of 5.5 1b

™A with delay release mechanism.

Purpose of Test: Synoptic measurements of wind profiles,

¥ Weights: Vehicle 183.5 1b
B Pusher and Obturator 120,8 1b
Sabot 105.0 1b
Shot Weight 409,3 1b

Centre of Gravity: 22,5 inches from base,

Launch Data:

Charge Weight 850 1b WMM,.225 (9 bags)
Lot No. CAD 7502

Swedish Additive 15 sheets
Spacing of Charge 300 x 300 x 250
Igniter 500 grams/bag
Gun Elevation 85.0 deg
Crushex. Gauges and Coppers Mli: 3

3 Ram Distance 224 in

YR Ram Load 14 tons 3
Chamber Volume 47,600 in
Recoil 40 in
Breech Pressure Mil: 54,000 psi

Strain: 53,000 psi (estimated)
(Fig, 2,12)

Evacuation 27 in Hg

Camera Records:

No Fastax or smear cameras were used,

Radar Records:

e i
N e L e T e

The M~33 radar was unserviceable foxr tracking purposes and

was used for surveillance only.

The MPS-19 radar tracked the vehicle from T + 10 sec to
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T + 80 sec,

Neither apogee nor splash were observed,

Trajectory:

The MPS-19 radar results are plotted in Figure 2,12a in
comparison with a standard drag trajectory for a muzzle velocity of
5900 ft/sec, It appears from the range data that the actual launch
elevation was higher than 85 deg (approximately 86 deg). The apogee
derived from the radar data was 400,000 ft = 122 km, and the total

cange was estimated as 135,000 ft.

A Trail Results:

The payload functioned satisfactorily and photographs were

takendyielding wind data between altitudes of 90 km and 123 km,

Summary:

This shot was successful,




7,000 psi/division (estimated)
BREECH PRESSURE

Maximum
CHARGE:

Ry
FIG. 2.12
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PUERTO RICO

24 FEBRUARY 1966 - 0327 AST

TIME

20 milliseconds/division

350 1b WMM,225

STRAIN GAUGE RECCRD OF BREECH
ROUND PUERTO RICO

Breech Pressure: Pmax = 53,000 psi (estimated)
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PUERTO RICO

24 FEBRUARY 1966 - 0327 AST

I
! 80©@
—— STANDARD TRAJECTORY FOR 185 LB
VEHICLE WEIGHT o
©® MPS-19 RADAR
®
60
85 DEG
500 5900 FT/SEC
4
40 @
®
I30 VEHICLE WEIGHT 183.5 LB
APOGEE 400,000 FT
/
O]
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10 SEC AFTER LAUNCH
10 20 30 %0 50
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FIG. 2.12a MARTLET 2C PUERTO RICO
ALTITUDE VS RANGE
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Round No. 195 - LA RAIZET

Date: 24 February 1966 - 0425 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

™A with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 184.0 1b
Pusher and Obturator 120.8 1b
Sabot 108.5 1b
Shot Weight 413.3 1b

Centre of Gravity: 2Z.,5 inches from base,

Launch Data:

Charge Weight 850 1b WMM, 225 (9 bags)
Lot No, CAD 7502

Swedish Additive 15 sheets

Spacing of Charge 300 » 300 x 250

Igniter 500 grams/bag

Gun Elevation 85.0 deg

Crusher Gauges and Coppers M1l: 5

Ram Distance 225 in

Ram Load 12 tons 3

Chamber Volume 47,800 in

Recoil 40 in

Breech Pressure M1i: 51,500 psi

Strain: Not available

Evacuation 27 in Hg

Camera Records:

Ne smear or Fastax cameras were used,

Radar Records:

The M~33 radar was unserviceable except for surveillance
purposes.
Thé\¥P§k19 radar tracked the vehicle from T + 10 sec to

T + 90 sec,
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Neither apogee nor splash was observed,

Trajectory:

The MPS-19 data are plotted in Figure 2.13a ‘in comparison
with the standard drag trajectory for a muzzle velocity of 6100 ft/sec.
The apogee derived from the radar data was 425,000 ft = 130 km, and

the tctal range was estimated as 145,000 ft,

™A Trail Results:

No trail was observed for this round, This may be related
to the fact that the TMA had been loaded irto the vehicle three months

before firing.,

Summary:
The vehicle was successfully launched along a satisfactory

trajectory, but the TMA payload was not released,

R i “mm
— ™ N
o 2B 53

e o e
L) *

P e SRt

i

. l”:‘ r'ammw'kfﬁ‘é; + por i

=

Er.
P

4 {f oo

L.

REaE
P

S
PN
S




e S
RGP
»

11I-56
LA RAIZET

24 FEBRUARY 1966 - 0425 AST

] i
- i:* 90
L ——— STANDARD TRAJECTORY FOR 185 LB
o VEHICLE WEIGHT
©® MPS-19 RADAR /0
300
70
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© 6100 FT/SEC
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200 7
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[
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4
S
=i
3 9;
: ; ) 0
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<
L
100 2120
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I
|
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HORIZONTAL RANGE - KILOFEET
FIG. 2.13a MARTLET 2C LA RAIZET
ALTITUDE VS RANGE
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Round No. 196 - ST, THCMAS

II-57

Date: 24 February 1966 - 0523:30 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 lb

™A with delay release mechanism,

Purpose of Test:

Synoptic measurements of wind profiles.

Weights: Vehicle
Pusher and Obturator
Sabot

Shot Weight

183.5 1b
120,8 1b
104.0 1b

408.3 1b

Cencre of Gravity: 22,5 inches from base,

Launch Data:

Charge Weight
Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

850 1b WMM,225 (9 bags)
15 sheets

300 x 300 x 250

500 grams/bag

85.0 deg
Mil: 4

222 in

18 tons
47,200 in
39 in

3

M1l: 48,500 psi
Strain: Not available

No

No smear or Fastax cameras were used,

Radar Records:

The M=-33 radar was unserviceable for tracking purposes and

was used for surveillance only,

The MPS-19 radar tracked the vehicle from T + 10 sec to

—
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T + 120 sec,

Neither apogee nor splash was observed,

Trajectory:

The MPS-19 radar data are plotted in Figure 2,14a in com-
parison with the standard drag trajectory for a muzzle velocity of
5700 ft/sec, The range data indicate that the actual launch elevation
was higher than 85 deg (approximately 86 deg). The apogee derived
from the radar data was 380,000 ft = 116 km, and the total range was

estimated as 125,000 ft.

TMA Trail Results:

Cameras and payload functioned properly, Wind shear data

were obtained between altitudes of 96 tc 118 km,

Summary:

The shot was successful,
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ST _THOMAS

24 February 1966 - 0523:30 AST

——o— STANDARD TRAJECTORY FOR 185 LB,
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Round No, 197 -~ WOOD TEST SLUG #4

Dates 25 February 1966 - 1204 AST

II-60

Vehicle Description: Laminated wood slug with aluminum ends,

Purpose of Yest: Test of propellant.,

Weights: Vehicle and shot weight 413.5 1b,

Launch Data:

Chaxge Veight

Spacing of Charge

Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

887.5 1b (7 bags of PYRO ALN~IK-HA-53
@ 1125 1b plus 100 1b of WM,048
wrapped around 5 bags of PYRO)
225,0 1b PYRO, 40 lb WM
x 225,0 1b PYRO, 40 1b WM
x 225,0 1b PYRO, 20 1b WM
x 112,5 1b PYRO
500 grams/bag

80.0 deg
Mll: 35

224 in

90 tons
47,500 in
32 in

3

M11l: 34,500 psi
Strain: Not available

None

The front smear camera obtained a good image of the slug,

but the rear smear camera was not in focus and obtained no useful image.

All Fastax cameras functioned,

Radar Records:

The M=33 radar did not sight the vehicle.

The MPS«19 radar tracked the base plate to T + 16 sec,

Trajectory:

No trajectory was obtained for this vehicle,
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Summary:
The 100 ib WM wrapped around the PYRO propellant increased

the burning rate,
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Round No, 198 ~ ELEUTHERA

Date: 25 February 1966 - 1420 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a SOFAR impact test

payload weighing &4 1b.

Purpose of Test: Engineering test of impact device,

Weights: Vehicle

Pusher and Obturator

Sabot

Shot Weight

186.0 1b
120.8 1b
103.0 1b

409.8 1b

Centre of Gravity: 22,5 inches from base.

Launch Data:

Charge Weight
Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

875 1b WMM.225 (9 bags)
Lot No, CAD 7502

15 sheets

300 x 300 x 275

500 grams/bag

80.0 deg
M1l: 3

223 in

10 tons
47,250 in
38 in

3

M11l: 53,500 psi
Strain: Not available

No

All cameras functioned properly.

Both smear cameras obtained good images of the vehicle,

From evaluvation of Fastax photographs, the following muzzle

velocities were determined:

West Fastax (6 inch lens, 160 ft ahead of muzzle) - 6100 ft/sec

East Fastax (10 inch lens, 140 £t ahead of muzzle) - 6500 ft/sec
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Radar Records:

The M-33 radar tracked the vehicle from T + 4 sec to T + 23 sec.
The MPS-19 radar tracked the vehicle from T + 10 sec to

T + 80 sec.

Neither apogee nor splash was observed.

Trajectory:

The radar data are plotted in Figure 2.15a in comparison with
a standard drag trajectory for a muzzle velocity of 6100 ft/sec. The
apogee derived from the radar data was 420,000 ft = 128 km, and the

total range was estimated as 288,000 ft.

Payload:
The water impact of the vehicle was heard by underwater

microphones but no signal was received fron an underwater explosion

of the bomb,
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ELEUTHERA

25 FEBRUARY 1966 - 1420 AST

T T
STANDARD TRAJECTORY FOR 185 LB
VEHICLE WEIGHT
MPS-19 RADAR
M-33 RADAR
o g
>
80 DEG
\. 40°
6,100 FT/SEC
//
300
VEHICLE WEIGHT 186 LB
APOGEE 420,000 FT
4
20
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a
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FIG. 2.15a MARTLET 2C ELEUTHERA
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Round No, 199 - }LAMINGO

Date: 25 February 1966 - 1843 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a paylowd of 5.5 1b

TMA with delay release mechanism,

Purpase of Test: Synoptic measurements of wind profiles.

Weights: Vehicle 183.5 1b
Pusher and Obturator 118,0 1b
Sabot 103.0 1b
Shot Weight 404,5 1b

Centre of Gravity: 22,5 inches from base,

Launch Data:

Charge Weight 375 1b WMM, 225 (9 bags)

Lot No, CAD 7502

Swedish Additive
Spacing of Charge
Igniter

Gun Elevation
Crusher Gauges and Coppers

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Evacuation

Camera Records:

15 sheets
300. x 300 x 275
500 grams/bag

85.0 deg
Mli: 4

223 in
14 tons
47,250 in
39.5 in

3

M1l: 56,000 psi
Strain: Not available

27 in,Hg of vacuum

No smear or Fastax cameras were used.

Radar Recovds:

The M=-33 radar tracked the vehicle from T + 6 sec to T + 30 sec.

The MPS~19 radsr tracked from T + 10 sec to T + 90 sec.

Neither apogee nor splash was observed,
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Trajectory:

The radar data are plotted in Figure 2.16a in comparison with

a standard drag trajectory for a muzzle velocity of 6200 ft/sec,

apogee derived from the radar data was 450,000 ft

total range was estimated as 150,000 ft,

™A Trail Results:

137 km and the

The

Cameras and payload functioned properly resulting in wind

shear data in the altitude range between 94 km and 130 km,

Summary:

The shot was successful,
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FLAMINGO
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Rouna No, 200 - DONNA

Date: 15 Auvgust 1966 - 1933 AST

Vehicle Description: Martlet 2C (Mod 2) carrying an SRI telemetry

pickage and a payload of 5.5 1b TMA with delay release

mechanism,

furpose of Test: Check of ™A payload performancegof the new sleeve

in the gun barrel, the propellant performance, and the

telemetry package,

Weights: Vehicle 187.0 iv
Pusher and Obturator 125.5 1b
Sabot 101.0 1k
Shot Weight 413.5 1b

Centre of Gravity: 22,33 inches from base.

Launch Data:

Charge Weight 700 1b Pyro (7 bags),
“.ot No, ALN=1K-4~HA-53
165 1b M6.056 (7 bags),
wot No, 6026

Spacing of Chkarge 190 x 270 x 160 x 245

Swedish Additive 18 sheets plus 8 sheets painted on
chamber and extending 8 ft along bore

Igniter 350 grams/bag of black powder

Gun Elevation 80 deg

Crusher Gauges ’ Mli: 3

Ram Distance 188 in

Ram Load 40 tons 3

Chamber Vnlume 39,950 in

Recoil : 35 in

Breech Pressure M1l: 38,200 psi
Strain: Not available

Muzzle Velocity (Probe) . Not available

Gun Evacuation 27 inches of Mercury

Camera Records:

e —

No Fastax and smear cameras wera used, nor were the K-46
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II-69

camera stations manned since no measurement of wind data was intended,

Radar Records:

The M-33 radar tracked the vehicle from T + 6 sec to T + 45 sec,
The MPS~-19 radar tracked from T + 4 sec to T + 150 sec and again from

T + 220 sec to impact at T + 250 sec,

Trajectory:

The radar data are plotted in Figure 2.17a in comparison with
the standard trajectory for 4700 ft/sec, The apogee as measured by the
MPS-19 radar was 229,000 £t = 70 km, and the total range was 158,000 ft.
The data are in good agreement with those of the staundard drag trajectory,
229,000 £t and 155,000 ft, respectively.

Note that in Figure 2,17a the reported range data and those
reduced by 5000 ft have been given, the latter being in agreement with
the M-33 radar data and the standard trajectory data, It appears that

an incorrect reference point was used for the data of the radar report.

TMA Trail Results:

No trail was obtained as the vehicle only achieved a low

apogee.

Ielemetry:

Th 250 MHz telemetry package, with a flip-out antenna, was
made by SRI, code ramed Highwater "Alphie'", Some carrier wave was
received at 247 MHz though without modulation., Antenna damage or

malfunction was suspected,
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Summary:

The PYRO propellant produced low breech pressure and consequently
a low vehicle muzzle velocity, resulting in a low apogee trajectory. No
IMA trail was therefore obtained. The gun performance appeared satis-

factory but the telemetry performance was only moderately successful.
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DONNA

15 AUGUST 1966 - 1933 AST

——&— STANDARD TRAJECTORY FOR 185 LB

VEHICLE WEIGHT

MPS-19 RADAR

!

@ RANGE - CORRECTION:

-5 (kft
A 433 RADAR (kft)
7
é-,fjr’ 9,0
0] 80 deg
60 4700 ft/sec
® 50
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040 187.0 LB
APOGEE 229,000 £t
@ 30
@
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FIG. 2.17a MARTLET 2C (MOD 2) DONNA TRAJECTORY
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Ronud No, 201 - TEST SLUG

Date: 16 August 1966 - 1235 AST

Vehicle Description: Solid wood cylinder with attached pusher plste,

Purpose of Test: To test performance of propellant and new gun sleeve,

Weights: Vehicle and shot 410.5 1b

Launch Data:

Charge Weight 706.5 1b Pyro (7 bags),
Lot No, ALN-1K-4-HA~53
180.0 1b M6.056 (8 bags),
Lot No, 6026

Spacing of Charge 205 x 272 x 249 x 160.5

Swedish Additive 18 sheets

Ignitex 350 grams/bag of black powder

Gun Elevation 80 deg

Crusher Gauges M1l: 3

Ram Distance 188 in

Ram Load 30 tons 3

Chamber Volume 39,950 in

Recoil 36 in

Breech Pressure M1l: 58,300 psi
Strain: Not available

Muzzle Velocity (Probe) Not available

Gun Evacuation 27 inches of Mercury

Radar Records and Trajectory:

Both radars did not track so that no trajectory data were

available,

Summary:

The gun performance was satisfactory although inspection
revealed a failure of the inner liner at breech, and of the weld at
front chamber and breech end of sleeve,

The propellant performance appears to be very sensitive as

to spacing and to the amount of M=-6,
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Round No. 202 - FERNANDE

Date: 17 August 1966 ~ 0522 AST

I11-73

Vehicle Description: Martlet 2G carrying a payload of ™A with delay

release mechanism.

Purpose of Test: Engineering test

Vehicle
Sabot

Weights:

Shot Weight
Launch Data:

Charge Weight
Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

281.5 1b
186.5 1b

468.0 1b

500 1b WM, 245 (3 bags)
None

15 sheets

500 grams/bag

80 deg
M11: 3

188 in
24 tons
39,950 in
29.5 in

3

M11: 33,600 psi
Strain: Not availablie

5140 ft/sec
None

The smear photographs showed only a gas cloud, and no vehicle

was seen on the Fastax films,

Radar Records and Trajectory:

Both radars could not track the vehicle, and a following,

search pattern did not reveal anything; no fragments or any other

evidence of vehicle failure were detected.
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- Summary:
,ftc Tre round was unsuccessful, Since the vehicle did not pass

2%

through the radar beams or camera focus areas, failure of the vehicle
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in the gun must be assumed. Fragments of sabot parts and vehicle
picked up to the West of th= gun line indicated that the airframe
suffered severe damage inside tli2 gun although the gun bore did not

show such evidence,
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Round No. 203 - TEST SLUG

Date: 25 August 1986 ~ 1303 AST

Vehicle Description: Solid wood cylinder with attached pusher plate.

Purpose of Test: To test the durability of the welds in the powder

chamber,
Weights: Vehicle and chot 432 1b
Launch Data:
Charge Weight 706.5 1b Pyro (7 bags),

Lot No, ALN-1K<4-HA-53
180 1b M6.056 (8 bags),

Lot No, 6026
Spacing of Charge 159.5 x 272 x 273 x 182
Swedish Additive 18 sheets
Igniter 350 grams/bag of black péwder
Gun Elevation 80 deg
Crusher Gauges Mll: 3
Ram Distance 188 in
Ram Load 5 tons 3
Chamber Volume 39,950 in
Recoil 37 in
Breech Pressure M1l: 67,300 psi
Strain: Not avzilable
Muzzle Velocity (Probe) Not available
Gun. Evacuation None

Camera and Radar Records:

Cameras and radars not in operation,

Summary:

The round was successful, The welds have remained intact
in spite ¢f the extremely high breech pressure of 67,300 psi., Some
very minor cracks have appeared within the welded area but these were

shallow and subject to easy repair,
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Round No. 204 - ALPHA

Date: 19 Sepiember 1966 - 1839 AST

Vehicle Degcription: Martlet 2C (Mod 2) carrying a BML telemetry
package with a Li¢ngmuir Probe and 5.5 1b TMA,

Purpose of Test: Synoptic measurements of wind profiles and test of

telemetry package and Langmuir probe.

Weights: Vehicle 186.0 1b
Pusher and Obturator 125.0 1b
Sabot 101.0 1b
Shot Weight 412,0 1b

Centre of Gravity: 22 inches from base.

Launch Data:

Charge Weight

825 1b WMM, 225 (9 bags) Lot No.
Spacing cf Charge

125 x 200 x 200 x 300

Swedish Additive 18 sheets
Igniter 500 grams/bag
Gun Elevation 85 deg

Crusher Gauges M1l: 3

Ram Distance 188 in

Ram Load 28 tons 3
Chamber Volume 39,950 in
Recoil 38,5 in

Breech Pressure M1l: 53,500 psi

Strain: 52,300 psi {(Fig, 2.18)

Muzzle Velocity (Probe) 6600 ft/sec
Gun Evacuation 26 inches of Mercury

Canzra Records:

Neither smear nor the Fastax cameras obtained an image of

the vehicle,

Radar Records:

The M-33 radar did not operate, The MPS5~19 radar recorded

7504
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a target with a weak signal separating from the vehicle at T + 4 sec,
The vehicle was then tracked to T + 100 sew, The AGC-record indicated

yawing of the target between 30 and 80 seconds after launch,

Trajectory:

The radar data are plotted in Figure 2,18a and compared with
standard drag trajectories for a muzzle velocity of 5300 ft/sec. It
appears that the effective launch elevation was smaller than 85 deg,
The apogee as calculated from the radax data was 300,000 ft = 91 km,
and the total range was estimated as 130,000 ft,

Since the actual muzzle velocity was in the order of 6600
ft/sec and the trajectory was similar to that of a standard trajectory
with 5300 ft/sec, it must be assumed that the drag was considerably

higher than standard.

Telemetry:

No signal received,

™A Trail Results

Thzre was a small intermittent leak at the start of the

flight, The trail near apogee was very faint, as reported by all

stations.,

Summary:

The high velocity~high drag flight indicated scwe structurnl

S ey e AR s e BT e

damage to the vehicle, It is assumed that a section of the nose cone

broke off; this would explain that no telemetry signal was received,

o am = engn g

and two targets were'seen by radar,
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BREECH PRESSURE

18,900 psi/ohm
CALIBRATION
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ALPHA

19 September 1966 - 1839 AST

2 ohm

TIME

20 milliseconds/division

Maximum Breech Pressure: Phax = 52,300 psi

CHARGE: 825 1b WMM.225

FIG. 2.18 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND ALPHA
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Round No, 205 - BETA

Date: 19 September 1966 - 2055 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

TMA with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 184.0 1b
Pusher and Obturator 125.0 1b
Sabot 101,0 1b
Shot Weight 410.0 1b

Centre of Gravity: 22 1/8 inches from base.

Launch bata:

Charge Weight 825 1b WMM.225 (9 bags) Lot No. 7504
Spacing of Charge 125 x 200 x 200 x 300
Swedish Additive 18 sheets
Igniter 500 grams/bag
Gun Elevation 85 deg
Crusher Gauges Mil: 3
Ram Distance 190 in
Ram Load 16 tons 3
Chamber Volume 40,375 in
Recoil 39.5 in
Breech Pressure M1l: 53,600 psi
Strain: 51,500 (Fig. 2.19)
Muzzle Velocity (Probe) 6550 ft/sec
Gun Evacuation 26 inches of Mercury

CLamera Records:

Fastax and smear cameras were not used,

Radar Records:

The MPS~19 radar tracked to T + 70 seconds,

Trajectory:

The MPS~19 radar data are ploetted in Figure 2,19a in
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comparison with a standard trajectory for a muzzle velocity of 6000

ft/sec, Since the measured velocity was 6550 ft/sec, a higher drag

than standard must be assumed for this flight, The apogee derived

) ‘ﬁrom the radar data was 414,000 ft = 126 km, and the total range was

estimated as 140,000 ft.

™A Trail Results:

The round provided good T™MA trails, There was, however,

a continuous T™MA leak during ascent,

Summary:

The round was successful,
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BETA

19 SEPTEMBER 1966 - 2055 AST

300 I” ' | T
——STANDARD TRAJECTORY FOR 185 LB
VEHICLE WEIGHT 78)
© MPS-19 RADAR
. 600
o)
50
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20
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FIG. 2.19a MARTLET 2C (MOD 2) BETA
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Round No., 206 -~ CAMMA

Date: 19 September 1966 ~ 2224 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

™A with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Heights: Vehicle 185,0 1b
Pusher and Obturator 124,0 1b
Sabot 103.0 1b
Shot Weight 412,0 1b

Centre of Gravity: 22 1/8 inches from base,

Launch Data:

Charge Weight 825 1b WMM, 225 (9 bags)
Lot No. 7504

Spacing of Charge 125 x 200 x 200 x 300

Swedish Additive 18 sheets

Igniter 500 grams/bag

Gun Elevation 85 deg

Crushex Gauge Mll: 3

Ram Distauce 188 in

Ram Load 28 tons 3

Chamber Volume 39,950 in

Recoil 38.5 in

Breech Pressure M1i: 49,800 psi

Strain: 48,500 (Fig, 2.20)

Muzzle Velocity (Probe) Left: 6310 ft/sec

Right: 6330 ft/cec
Average: 6320 ft/sec’

Gun Evacuation 27 inches of Mercury

Camera Records:

No smear or Fastax cameras were used,

Radar Records:

The MPS-19 radar tracked the vehicle to T + 80 sec and

observed the impact at T + 350 sec at a range of 149,000 ft,
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Trajectory:

The MPS-19 Radar data are compared in Fig, 2,20a with a

standard drag trajectorwy for a muzzle velocity of 6300 ft/sec, The

agreement is satisfactory,

A N A T He T

peres

For this round, data from the Trinidad radar are also

ez

1 : available, covering the trajectory to near impact (339 seconds after

launch, altitude 37,000 ft. above sea level). The data plotted in

B L

Fig. 2.20b are in good agreement with the MPS-19 results. The measured

apogee was 447,000 ft = 137 km, and the total range 149,000 ft,

™A Trail Results:

» —

The flight was satisfactory with very little TMA leakage, -

and a bright trail was produced simultaneously with a pass of the

e
o

Nimbus Satellite,

g Summary:

The round was successful,
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GAMMA

19 SEPTEMBER 1666 - 2224 AST

~m—g— STANDARD TRAJBETORY FOR 185 LB
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Rouné No, 207 - DELTA

Date: 20 September 1966 - 0010 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a BML Langmuir probe
with a telemetry unit and 5,5 1b of TMA with delay release
mechanism,

Purpose of Test: Synoptic measurements of wind profiles and test of

telemetry package with Langmuir probe,

Weights: Vehicle 186.0 1b
Pusher and Obtuzator 123.0 1b
Sabot 100.0 1b
Shot Weight 409.0 1b

Centre of Gravity: 22 inches from base.

Launch Data:

Charge Weight 780 1b WMM,225 (8 bags ) Lot No. 7504

Spacing of Charge 180 x 200 x 200 x 200

Swedish Additive 18 sheets

Igniter 500 grams/bag

Gun Elevation 85 deg

Crusher Gauges Mil: 3

Ram Distance 188 in

Ram Load 32 tons 3

Chamber Volume 39,950 in

Recoil 32,0 in

Breech Pressure M11l: 45,200 psi
Strain: Not available

Muzzle Velocity (Probe) 5980 ft/sec

Gun Evacuation 27 inches of Mercury

Camera Records:

No smear and Fastax cameras were used,

Radar Records:

The MPS~19 radar obtained a good track up to T + 120 sec,

Apogee or impact were not recorded.
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Irajectory:
The radar data are plotted in Fig. 2.2la in comparison

with a standard drag trajectory for a muzzle velocity of 6000 ft/sec.

Data of the Trinidad radar were alco available for this
round, covering almost the complete trajectory from lavnch to imp.ct
(15 seconds to 320 seconds after launch), This trajectory is shown
in Fig. 2.2lb, in comparison with the MPS-19 results., The measured
apogee was 386,126 ft = 118 km, obtained at 150 seconds after launch,

and the total range 113,000 ft.

Telemetry Records:

The telemetry signal was received at T + 4 sec but the power
was very low, fading into the noise level at T + 30 sec, From T + 109
sec on, a strong signal was received until impact., The transmitter
could operate in two modes, with low and high power; the initial trans~
mission was evidently in the low power mode and at T + 110 sec the

reduced battery voltage caused the transmitter to switch to the high

power mode,

Lanemuir Frobe:

Noise-free data were received after 109 seconds but they were
not usable owing to a saturated amplifier; this indicated a low resis-
tance between the probe tip and projectile body due to a charred or

contaminated nose insulator section.

™A Trail Results:

Therc was no ™A leakage at launch and a good TMA trail was

obtained.

Summary:

The round _was_successful. -
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DELTA

20 SEPTEMBER '966 - 0010 AST
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Round No, 208 - E2SILON

Date: 20 September 1966 -~ 0130 AST

Vehicle Description: Martlet 2¢ (Mod 2) carrying a payload of 5.5 1b

TMA with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles.

Weights: Vehicle 185,0 1b
Pusher and Obturator 124,0 1b
Sabot 96,0 1b X
Shot Weight 405.0 1b

Centre of Gravity: 22 1/8 inches from base.

Launch Data:

Charge Weight 825 1b WMM,225 (9 bags)
Lot No., 7504

Spacing of Charge 125 x 200 x 200 x 300

Swedish Additive 15 sheets

Igniter 500 grams/bag

Gun Elevation 85 deg

Crusher Gauges M1l: 3

Ram Distance 192 in

Ram Load 34 tons 3

Chamber Volume 40,800 in

Recoil 39 in

Breech Pressure M1l: 47,600 psi

Strain: 47,00C psi (Fig. 2.22)
Muzzle Velocity (Probe) Left: 6440 ft/sec

Right: 6500 ft/sec

Average: 6470 ft/sec

Gun Evacuation 27 inches of Mercury

Camera Records:

Smear and Fastax cameras were not used.

Radaxr Records:

The MPS-19 radar tracked to T + 80 sec. Apogee and impact

were not tvecorded,
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H Trajectory:

The radar data are plotted in Figure 2,22a in comparison to

o

a standard drag trajectory for a muzzle velocity of 5600 ft/sec which 3

e
Sl vmw v s

is much lower than the measured velocity of 6470 ft/sec. This differ-

oS

ence indicates a high drag trajectory. The apogee as derived from the
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radar data was 360,000 ft = 110 km, and the estimated total range was

120,000 ft,

TMA Trail Results:

A bright TA trail was produced, N

Summary: i

The round was successful,
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9,700 psi/division

18,900 psi/ohm

1793

EPSILON

20 SEPTEMBER 1966 - 0130 AST

BREECH PRESSURE

CALIBRATION
2 ohm

\4
TIME
20 milliseconds/division
Maximum Breech Pressure: P = 47,000 psi

max
CHARGE: 825 ib WIM.225

FIG, 2.22 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND EPSILON
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20 SEPTEMBER 1966 - 0130 AST
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Round No, 209 - ZETA

Date: 20 September 1966 - 0224 AST

Vehicle Description: Martlet 2C (Mod 2), with a dummy telemetry nose

cone, carrying a payload of 5 1b ™A with delay release
mechanism,

Purpose of Test: Synoptic measurements of wind profiles.

Weights: Vehicle 184,.0 1b
Pusher and Obturator 124,0 1b
Sabot 100.0 1b
Shot Weight 408.0 1b

Centre of Gravity: Approximately 22 inches from base.

Launch Data:

; Charge Weight 825 1b WMM, 225 (9 bags)
= Lot No. 7504
i Spacing of Charge 125 x 200 x 200 x 300
1 Swedish Additive 15 sheets
‘ Igniter 500 grams/bag
|
‘: Gun Elevation 85 deg
‘§ Crusher Gauges aru Coppers M1l: 3
3 Ram Distance 194 in
1 Ram Load 28 tons 3
Chamber Volume 41,220 in
Recoil 38.5 in
g Breech Pressure M1l: 48,100 psi
3 Strain: 48,200 psi (Fig, 2.23)
I Muzzle Velocity (Probe) Not available
» Gun Evacuation None

Camera Records:

(o e a

Smear and Fastax cameras were not used,

Radar Records:

The MPS-19 radar tracked the vehicle up to T + 90 seconds.
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Trajectory:

The radar data are plotted in Figure 2,23a in comparison with
a standard drag trajectory for 5800 ft/sec. The apogee calculated from
the radar data was 373,000 ft = 114 km, and the total range was estimated

as 130,000 ft,

TMA Trail Results:

The ™A payload was slightly smaller than usual because the
nose cone for telemetry was used in this vehicle, but a good IMA trail

was produced.

Summary:

The round was successful,
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ZETA

20 SEPTEMBER 1966 - 0224 AST
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Round No, 210 - ETA

v e
> B

Date: 20 September 1966 - G318 AST

Vchicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1lb

] ™A with delay release mechanism,

E Purpose of Test: Synoptic measurements of wind profiles.
Weights: Vehicle 186.0 1b
Pusher and Obturator 124,0 1b
Sabot 101.0 1b

Centre of Gravity: 22,5 inches from base,

¥
E Shot Weight 411,0 1b
:
,

Launch Data:

1 Charge Weight 825 1b WMM,225 (9 bags)
: | Lot No, 7504
: Spacing of Charge . 125 x 200 x 200 x 300
:; Swedish Additive 15 sheets
Igniter 500 grams/bag
Gun Elevation 85 deg
Crusher Gauges Mil: 3
E Ram Distance 194 in )
> Ram Load 24 tons 3 :
Chamber Volume 41,220 in
Recoil 39.0 in
§ Breech Pressure MLl: 55,100 psi
Strain: 54,300 psi (Fig. 2.24)
Muzzle Velocity (Probe) Not available
Gun Evacuation 20 inches of Mexcury

i

Camerxs Records:

Smear and Fastax cameras were not used.

Radar Records:

The MPS-19 radar tracked to T + 50 geconds; after that time "

LA e i

the parametric amplifier became unstable.
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Trajectory:

The radar data were compared with a standard drag trajectory
for a muzzle velocity of 5900 ft/sec in Figure 2,24a, The apogee as
derived from the radar data was approximately 400,000 ft = 122 km, and

the total range was estimated as 135,000 ft,

A Trail Results:

The flight produced a good TMA trail,

Summary:

The round was successful,
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Round No, 211 - THETA

Date: 20 September 1966 - 0403 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

™A with delay release mechaniam,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 185.0 1b
Pusher and Obturator 128,0 1b
Sabot 101,0 1b
Shot Weight 414.0 1b

Centre of Gravity: 22.25 inches from base,

Launch Data:

Charge Weight 325 1b WMM, 225 (9 bags)
Lot Jdo. 7504

Spacing of Charge 125 = 200 x 200 x 300

Swedish Additive 15 sheets

Igniter . 500 grams/bag

Gun Elevaticn 85 deg

Crusher Gauges Mli: 3

Ram Distance 194 in

Ram Load 24 tons

Chamber Volume 41,220 in

Recoil 39,5 in

Breech Pressure M1l: 55,300 psi
Strain: 53,800 psi (Fig. 2.25)

Muzzle Velocity (Probe) Not available

Gun Evacuation 20 inches of Mercury

Camera Records:

Smear and Fastax cameras were not in operation.

Radar Records:

The MP3-19 radar tracked the vehicle to over T + 90 seconds.

A ek e

PPy

R

———




Pt

o e

1I-106

Trajectory:

The radar data are plotted in Figure 2,25a in comparison with
a standard drag trajectory for a muzzle velocity of 6000 ft/sec. It
appears from rhis figure that the effective launching elevation was
lower (about 1 deg) than the vecorded 85 deg., The apogee as derived
from the radar data was 417,000 ft = 127 km, and the total range was

estimated as 139,000 ft.

T™MA Trail Results:

The flight produced 2 good MMA trail of a slightly reduced

brightness.

Summary:

The round was successful,
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CALIBRATION
2 ohm

9,700 psi/division
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THETA

20 SEPTEMBER 1966 - 0403 AST

BREECH PRESSURE

>

TIME

20 milliseconds/division
Maximum Breech Pressure: P = 53,800 psi
max

CHARGE: 825 1b WMM, 225

FIG. 2.25 STRAIN GAUGE RECORL OF BREECH PRESSURE
ROUND THETA

s

o e oSl 1




P

O TR TR R

TN’
~ -

it

L &3
G e o ottt 18 o S

Ll

* e MO
B L= )

YN

Jw

4
|

ALTITUDE - KILOFEET

300

200

100

1I-108
‘THETA

20 SEPTEMBER 1966 - 0403 AST

] T /
———  STANDARD TRAJECTORY FOR 185 LB Qyg
VEHICLE WEIGHT
MPS-19 RADAR
Oy
® 70
(%) 60
®
50
O 85 DEG
6,000 FT/SEC
® |
30
VEHICLE WEIGHT  185.0 LB
APOGEE 417,000 FT
i
S
20
/@ 10 8BC AFTER LAUNCH

10 20 30 40
HRRIZONTAL RANGE - KILOFEET

FIG. 2.25a MARTLET 2C (MOD 2) THETA
ALTITUDE VS RANGE

50

R L




a2 o

i trias v

4 G2 Pidsia
e o e i s 4

e N BT

o R RS ]

== s e
o O T Y e iR AL, e M ST

e

Round No, 212 - IOTA

Date:

Vehicle Description:

20 September 1966 - 0446 AST

I11-109

Martlet 2C (Mod 2) carrying a payload of 5,5 1b

T¥A with delay release mechanism,

Purpose of Test:

Weights: Vehicle
Pusher and Obturator
Sabot

Shot Weight

Centre of Gravity:

Launch Data:
Charge Weight
Spacing of Charge
Swedish Additive

Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Voluine
Recoil

Breech Pressure

Muzzle Velocity
Gun Evacuation

Camera Records:

Smear and Fastax cameras were used in this round but no image

Synoptic measurements of wind profiles.

186,0 1b
124.0 1b
101.0 1b

411.0 1b

22,5 inches from base,

825 1b WMM, 225 (9 bags)
Lot No. 7504

125 »z 200 x 200 x 300
15 sheets

500 grams/bag

85 deg
M1ll: 3

194 in
8.5 tons
41,220 in
39.5 in

3

M1l: 46,350 psi
Strain: 44,600 (Fig. 2.26)

Probe not operational

Yes (inches of Mercury not available)

was obtained as a result of pooxr lighting conditions,

Radar Records:

D e e 3 At

The MPS~19 radar tracked the vehicle to T + 77 seconds,

-

Nl R o e e ¥

!

et T

-

P e

v



(G . Vel S

Lo

gL

v

I1I-110

Trajectory:

The radar data are plotted in Figure 2,26a in comparison with
a standard drag trajectory for a muzzle velocity 6000 ft/sec, The
apogee as derived from the radar data was approximately 400,000 ft =

122 km, and the tctal range was estimated as 135,000 ft,

TMA Trail Results:

The flight produced a good TMA trail.

Summary:

The round was successful,
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20 SEPTEMBER 1966 - 0446 AST
ROUND IOTA

20 milliseconds/division
STRAIN GAUCE RECOKD OF BREECH PRESSURE

Maximum Breech Pressure
CHAKGE: 825 1b WMM,.22S

- EO m -
| TINSSTId HOFTIL NOILVNEI'IVO
% uctrsTaTP/15d 00L°6 wyo/T<d 006°81T

FIG. 2.26

P s . \ |
% = - = w: T R ~ AN T N D TR TN a .

Lo - AT T W vt S ot ST S T AT b e e

U I G e S o

- TIMETETE - RN s e e e X et S A bt 0 gl WA e A+ i e 1. s 48 Kt e

et " oy R o L G e o oy Sl oo g Py T AT . no - C1S ) TR, S T T e aersy o




ke

”:
. PA

s T S "

= g
R S

RO AP - 4 % ¥

300

N
o
(=]

ALTITUDE - KILOFEET

Loo

II-112

_I0TA

20 SEPTEMBER 1966 - 0446 AST
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APOGEE 400,000 FT
®30
~20
10 SEC AFTER LAUNCH
|
|
10 20 30 40 50

HORIZONTAL RANGE - KILOFEET
FIG., 2.26a MARTLET 2C (69 2) IOTA
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Round No. 213 -~ KAPPA

Date: 20 September 1966 ~ 2255 AST

II-113

Vehicle Description: Martlet 2C (Mod 3) with Langmuir probe.

Purpose of Test: Measurements of electron density,

Weights: Vehicle

Pusher and Obturator

Sabot

Shot Weight

171,0 1b
124,0 1b
100.0 1b

395.0 1b

Centre of Gravity: 20.5 inches from base.

Launch Data:
Charge Weight
Spacing of Charge
Swedish Additive

Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoi

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

780 1b WMM, 225 (8 bags)
Lot No, 7504

200 x 200 x 200 x 180
15 sheets

500 grams/bag

85 deg
M1l: 3

194 in
14 tons
41,220 in
36.5 in

3

M1l: 34,770 psi
Strain: 34,900 psi (Fig. 2.27)

5700 ft/sec
23 inches of Mercury

Smear and Fastax cameras were not used.

Radar Records:

The MPS-19 radar tracked the vehicle up to T + 110 seconds,
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Irajectory:

The radar data are plotted in Fig. 2.27a in comparison with a

standard drag trajectory for 5,700 ft/ 2c muzzle velocity. The apogee

derived from the radar data was 357,000 ft = 109 km, and the total range

was estimated as 119,000 ft,

Langmuir Probe:

No telemetry signal was received. It was later fournd that

there was insufficient area of fibreglass at the base of the nose cone

to support it during launch acceleration., It is therefore assumed that

a partial loosening of the nose cone caused a failure of the antenna

connection,

Summary:

The trajectory was satisfactory but ne results were obtained

from the payload.
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AN 20 SEPTEMBER 1966 - 2255 AST
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20 milliseconds/division

Maximum Breech Pressure: P = 34,900 psi
max

CHARGE: 780 1b WMM.225
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FIG. 2.27 STRAIN RECORD OF BREECH PRESSURE
ROUND KAPPA
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KAPPA

20 BEPTEMBER 1966 - 2255 AST
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~—e—— STANDARD TRAJECTORY FOR 185 LB
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FIG. 2.27a MARTLET 2C (MOD 2) KAPPA
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Round No, 214 -~ INDEPENDENCE 1

Date: 5 December 1966 - 1915 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

™A with delay release mechanism,

Purpose of Test: Check of gun~vehicle~payload system with multipoint

ignition Pyro charge.,

Weights: Vehicle 184,5 1b
Pusher and Obturator 127.0 1b
Sabot 101.0 1b
Shot Weight 412,5 1b

Centre of Gravity: Not available

Launch Data:

Charge Weight 1280 1b Pyro (10 bags)

Spacing of Charge Not available

Swedish Additive Not available

Igniter Pyro fuses, 120 V d.c.
(Six~point ignition)

Gun Elevation 85 deg

Crusher Gauges Mii: 3

Ram Distance 185,25 in

Ram Load 20 tons

Chamber Volume 39,570 in

Recoil 44,5 in

Breech Pressure M11l: 42,700 psi

Strain: 43,000 psi (Fig. 2.28)

Muzzle Velocity (Probe) Not available (reading was
unrealistic)
Gun Evacuation None

Camera Records:

Smear (front and rear smear) and Fastax (West Fastax)
coverage in this round was intended as a further test of equipment
and film for night photography. The vehicle, however, was not visible

on any of the three films capised, although it was painted white, and

mwm; ——

R T e i el

R

RPN 1N




i

Winr e Sm— o o e

Rl Cye .
e et e s i e e s e e Seonen

-~

II-118

the gun flash was expected to provide sufficient illumination.

The front smear photograph showed the pusher plate trailing
a smoke cloud, and with some smoke in a conical formation ahead of the
plate., This smoke and/or the pusher plate apparently cut off the ill-
umination to the vehicle. The intercept points for the front and rear
smear cameras were 150 £t and 130 ft, respectively, above the gun muzzle,
These points were considered to be well above the smoke cloud as previous
firings show. For this round, however, the films showed that the smoke
cloud travelled well above the previous altitudes,

The West Fastax camera was aimed at the gun and provided
measurement of the ignition and barrel travel time of 88 milliseconds,
The intercept time at 130 ft ahead of the muzzle was 114 milliseconds
(rear smear), and at 150 ft 118 milliseconds, which indicates a velo-

city of 5000 ft/sec for the pusher plate,

Radar Records:

The MPS-19 provided a perfect track beyond apogee which

was reached at T + 150 sec, The impact was also observed at T + 310 sec.

Trajectory:
The radar data, plotted in Figure 2,28a, compare well with
a standard drag trajectory for a muzzle velocity of 5600 ft/sec. The

measured apogee was 348,000 ft = 106 km, and the total range was

118,000 ft,

™A Trail Results:

The photographs made with a 4 x 5 Speed Graphic Camera

sticwed a rather thin trail which dispersed rapidly,
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Summafz:
The round was successful regarding gun and flight performance,
The shot proved that the amount of 1280 1b of Pyro can be used with
multiple ignition and is sufficient for Martlet 2C synoptic test firings,
The "1istrumentation did not prove fully satisfactory. The
failure to obtain muzzle velocity data was partly due to the use of
a single time interval meter, and partly due to the wooden sabots, A
good breech pressure curve, however, was obtained, but the attempt to
record both breech and muzzle pressure on the double trace scope was
not successful since the muzzle pressure started much later than the

breech pressure and outside the available sweep of 100 milliseconds.,
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INDEPENDENCE 1

5 DECEMBER 1966 - 1915 AST

.2
l

ﬂlﬂlll

Breech Pressure.
vart. 2C.5/12/66
Multiple Ignition
20,000 psi/ohm.
10,000 psi/cme
10.m secs/cm.

10,000psi per cm (division)
BREECH PRESSURE

TIME

} 10 milliseconds per cm (division)

Maximum Breech Pressure: Ppay = 43,000 psi

CHARGE: 1280 lb Pyro

FIG. 2.28 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND INDEPENDENCE 1
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IDEPENDENCE 1
5 DECEMBER 1966 - 1915 AST
! I o ©
@ 1% 13
———— STANDARD TRAJECTORY FOR 185 LB 128)
VEHICLE WEIGHT :
Q10
® MPS-19 RADAR
1/,/ Q00
300
®90
(OFT)
/70
85 DEG
~ O6o 5,600 FT/SEC
a
=
(@]
B 200
% /@
=3
aQ
jow
=
&
o)
. 40
VEHICLE WEIGHT 184.5 LB
©)
30 APOGEE 348,000 FT
100 | - /
20
10 SEC AFTER LAUNCH
0 10 20 30 40 50 6G

HORIZONTAL RANGE - KILOFEET
FIG. 2.28a MARTLET 2C INDEPENDENCE )
ALTITUDE VS RANGE
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Round No, 215 - INDEPENDENCE 2

Date: 14 December 1966 - 1709 AST

Vehicle Description: Martlet 2G Vehicle without payload.

Purpose of Test: Engineering Test (structural performance).

Weights: Shot Weight 475 1b

Centre of Gravity: Not available

Launch Data:

Charge Weight
Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load

Chambexr V>lume

Recoil
Breech Pressure
Muzzle Velocity (Probe)

Gun Evacuation

Camera Records:

800 1b WMM,225 (11 bags)
One 9" Spacer at breech
7 sheets

Multi-point ignition

85 deg
Not available

184 in
100 tons ,
39,100 in~
42 in

Strain: 45,000 (Fig. 2.29)

Not available
None

Front and rear smear cameras aimed at the vehicle and Fastax

cameras aimed at the gun muzzle were used in this round, The smear

photographs indicated a structural failure in the rear section of the

vehicle, with approximately 54 inches front section of the vehicle

intact and flying ahead of

Radar Data and Trajectory:

The MPS-~19 radar

a cloud of debris,

located a target at T + 10 seconds and

tracked it through an apogee of 11,000 ft at T + 20 seconds to impact

at T + 55 seconds, This was presumably the intact body section seen
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on the smear photographs, The target veered to the right and flew

a path approximately 15 deg clockwise from the gun,

Breech and Muzzle Pressure Records:

The muzzle pressure trace (upper curve of Figure 2,29) did
not show any significant pressure rise, probably owing to the loss of
obturation in the barrel, The breech pressure trace showed a maximum
of 45,000 psi at approximately T + 50 seconds; there was a large noise

content superimposed on the pressure trail not seen on previous rounds.

Summarz:

The round was not successful since the vehicle failed in the

gun,
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10,000 psi/div.

MUZZLE PRESSURE (Top) 5,000 psi/div

BREECH PRESSURE (Bottom)

TIME

20 milliseconds/division

Maximum Breech Pressure:

P

m

ax = 45,000 psi

800 1b WMM.225

FIG. 2.29 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND INDEPENDENCE 2
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Found No, 216 - TEST SLUG

Date: 18 January 1967 ~ 1500 AST

Vehicle Description:

Purpose of Test:

Weights:

Launch Data:
Charge Weight
Gun Elevation
Ram Distance
Ram Load'
Chamber Volume
Recoil

Breech Pressure

Gun Evacuation

Camera Records:

Both the rear and front smear camera were operated, but

there was nc Fastax coverage.

Radar Records:

Wood Slug

Shot Weight 350 1b

Firing intended for seating of obturator seals only,

550 1b Pyro

80 deg
189 in
12.5 tons
40,150 in
14 in

Strain:

S

3

8000 ps

No velocity measurements were obtained,

There was no target for the MPS-19 to track,

Summary:

The slug disintegrated in the barrel,
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Round No, 217 - ANTRIM

Date: 15 February 1967 - 1937 AST

Vehicle Description: Martlet 2C (Mod 2) carcying a payload of 5.5 1b

IMA with delay release mechanism.

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 134,0 1b
Pusher and Obturator 132.0 1b
Sabot 97.5 1lb
Shot Weight 413,5 1b

Centre of Gravity: 22,25 inches from base,

Launch Data:

Charge Weight 1290 1b Pyro (10 bags)
Swedish Additive Rubbed inside chamber
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 85 deg
Crusher Gauges M1ll: 3
Ram Distance 187 in
Ram Load 4G tons
Chamber Volume 39,700 in
Recoil 44 in
Breech Pressure Mil: 46,400 psi

Strain: 46,000 psi (Fig. 2,30)
Muzzle Velocity (Probe) Not available
Gun Evacuation 27 in of Mercury

Camera Records:

Smear camera coverage was attempted, by painting the vehicle
white. Although adequate density was obtained on the films, no images
of the vehicles were seen, This agreed with previous experience in
photographing Martlet 2C vehicles at night when the pusher plate shadows
the vehicle. The front srear photograph showed the pusher plate partially

obscured by gases; no photograph of the vehicle was obtained, The
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vehicle was apparently barely separated from the pusher as the stream

pattern originating from the four fins were seen,

Radar Recoxds:

The MPS~19 radar tracked the vehicle from T + 3 sec to

T + 105 sec, An azimuth change of -2 to -3 degrees waa recorded.

Trajectory:

The radar results agree well with a standard trajectory for
a muzzle velocity of 5750 ft/sec (Fig. 2.30a). The apogee derived from
the radar data was 376,000 ft = 115 km and the range was estimated to

be 127,000 ft.

TMA Trail Results:

The cameras and the T™MA payload performed satisfactorily,

and good trail photographs were obtained.

Summary:

The round was successful,
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ANTRIM

15 FEBRUARY 1967 - 1937 AST

TR
B
s

TIME

20 milliseconds/division

Maximum Breech Pressure: Pﬁax = 46,000 psi

CHARGE: 1290 1b Pyro

FIG. 2.30 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND ANTRIM
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ANTRIM

15 FEBRUARY 1967 - 1937 AST
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FIG. 2.30a MARTLET 2C (MOD 2) ANTRIM ©
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Round No, 218 - BELFAST

Date: 15 February 1967 - 2117 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5,5 1b

™A with delay release mechanism,

Purpose of Test: Synoptic measuremeunts of wind profiles,

Weights: Vehicle 184 1b
Pusher and Obturator 133 1b
Sabot 101 1b
Shot Weight 418 1b

Centre of Gravity: 22,25 inches from base,

Launch Data:

Charge Weight 1320 1b Pyro (10 bags)
Swedish Additive Rubbed inside chamber
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 85 deg
Crusher Gauges Mll: 3
Ram Distance 187 in
Ram Load 40 tons 3
Chambexr Volume 39,700 in
Recoil 45 in
Breech Pressure M11l: 53,300 psi

Strain: 53,000 psi (Fig. 2,31)
Muzzle Velocity (Probe) Not available
Gun Evacuation 25 inches of Mercury

Camera Records:

One smear camera (rear) was operated in this rouad, The

photograph showed only gun gases, (See algo comment in Round ANTRIM)

Radar Records:

The MPS-19 radar tracked the vehicle from T + 3 sec to

T + 80 sec, An azimuth change of ~2 degrees was recorded,
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Trajectory:
The radar results agree well with a standard drag trajectory
for a muzzle velocity of 5900 ft/sec (Fig. 2.3la). The apogee derived

from the radar data was 399,000 ft = 122 km,and the range was estimated

to be 135,000 ft,

TMA Trail Results:

The camerasand the TMA payload performed satisfactorily, and

good trail photographs were obtained.

Summary:
The round was successful., There was the expected increase
with charge weight of muzzle velocity and apogee, and the results

suggested a further incréase of the charge weight.
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Vi r 15 FEBRUARY 1967 - 2117 AST

BREECH PRESSURE

20,000 psi/division

TIME

Y WA

20 milliseconds/division

Maximum Breech Pressure: Pmax = 53,000 psi

CHARGE: 1320 1lb Pyro

FIG. 2.31 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND BELFAST
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BELFAST

15 FEBRUARY 1967 - 2117 AST

300 | :
~———STANDARD TRAJECTORY FOR 185 LB
VEHICLE WEIGHT /
7
© MPS-19 RADAR
4
o
6
a
200 ,
40 85 DEG
5,900 FT/SEC
30 VEHICLE WEIGHT 184 LB
APOGEE 399,000 FT
/
100 A
20
10 SEC AFTER LAUNCH
0 10 20 30 40 50

FIG. 2.3la MARTLET 2C (MOD 2) BELFAST
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Round No. 219 ~ CORK

Date: 15 February 1967 - 2245 AS"

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 lb

™A with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 184.5 1b
Pusher and Obturator 132,0 1b
Sabot 107.0 1b
Shot Weight 423,5 1b

Centre of Gravity: 22,25 inches from base.

Launch Data:

Charge Weight
Swedish Additive

1330 1b Pyro (10 bags)
Rubbed inside chamber

Igniter Multiple Pyrotechnic Squibs
Gun Elevation 85 deg

Crxusher Gauges M1l: 3

Ram Distance 187 in

Ram Load 40 tons 3

Chamber Volume 39,700 in

Recoil 45 in

Breech Pressure M1l: 46,400 psi

Strain: 47,000 psi (Fig. 2.32)

Muzzle Velocity (Probe) 5680 ft/sec
Gun Evacuation 25 in of Mercury

Camera Records:

Only the smear camera was operated, The photograph shows only

gun gases., (See also comments in Round ANTRIM,)

Radar Records:

The MPS-19 radar tracked the vehicle from T + 3 sec to

T + 120 sec. The azimuth change was -5 degrees from the gun line,
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Irajectory:

The data were plotted in Figure 2,32a in comparison with
standard trajectories for a muzzle velocity of 5700 ft/sec at 85 and
85.5 degree launch elevation., It appears that the effective elevation
was 85.5 degrees. The apogee derived from the radar data was 367,600 ft

= 112,0 km and the range was estimated to be 124,000 ft,

™A Trail Results:

The cameras and the TMA payload performed satisfactorily,

and good trail photographs were obtained, A slight ™A leak, however,

was reported in this round,

Summary:
The round was successful, The large change in azimuth (5 deg)

with the increase in charge weight might indicate a partial failure of

the pusher plate.
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CORK

15 FEBRUARY 1967 - 2245 AST

BREECH PRESSURE

20,000 psi/division

TIME

20 milliseconds/division

Maximum Breech Pressure: P = 47,000 psi
max

CHARGE: 1330 1lbs Pyro

ORI R U " MM

FIG. 2,32 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND CGRK
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CORK

15 FEBRUARY 1967 - 2245 AST
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o |7
——STANDARD TRAJECTORY FOR 185 LB 110
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100 @
® MPS-19 RADAR
909
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/
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3
/
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FIG. 2,32a MARTLET 2C (MOD 2) CORK
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;
Round No, 220 - DUBLIN

Date: 15 February 1967 - 2356 AST

" Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5,5 1b

TMA with delay realease mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 185,0 1b

Pusher and Obturator 132,5 1b

Sabot 101.5 1b

Shot Weight 419.0 1b
Centre of Gravity: 22,25 iauches from base,
Launch Data:
Charge Weight 1320 1b Pyro (10 bags)
Swedish Additive Rubbed inside chamber
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 85 deg
Crusher Gauges M1l1l: 3
Ram Distance 187 in
Ram Loau 40 toas 3
Chamber Volume 39,700 in
Recoil 45 in
Breech Pressure M11l: 43,600 psi

Strain: 42,500 psi (Fig. 2,33)

Muzzle Velocity (Probe) 5490 ft/sec
Gun Evacuation 27 in of Mercury

Camera Records:

No smear camera coverage was attempted on this round,

Radar Records:

The MPS~19 radar tracked the vehicle from T + 4 sec to

T 4+ 80 sec; the azimuth change was -5 degrees,
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Trajectory:

The radar results agree well with a standard drag trajectory
for a muzzle velocity of 5700 ft/sec (Fig. 2.33a). The measured velocity

of only 5490 ft/sec, indicated that the drag was prohably smaller than

I

1 standard in this round, The apogee derived from the radar data was

& 371,400 ft = 113 km and the range was estimated to be 125,000 ft.

TMA Trail ilesults:

The camera and the ™A payload performed satisfactorily, and

good trail photographs were obtained,

Summary:

| The round was successful,
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DUBLIN

15 FEBRUARY 1967 - 2356 AST

TIME

20 milliseconds/division

Maximum Breech Pressure: Pmax = 42,500 psi

CHARGE ;

FIG, 2.33

1320 1b PYRO

STRAIN GAUG: RECORD OF BREECH PRESSURE
ROUND DUBLIN
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DUBLIN
15 FEBRUARY 1967 - 2354 AsT
300 !

————STANDARD TRAJECTORY FOR 185 LB
VEHICLE WEIGHT

© MPS-19 RADAR (
/ 70
60 85 DEG
5,700 FT/SEC
S50
200 7

1S

i 40

[+

S

i

N

[)

<3}

& (o) VEHICLE WEIGHT 185 LB -
& 30 :
3 APOGEE 371,400 FT
<

100 £
” 20
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Round No, 221 - GARVAGH

Date: 16 February 1967 - 0105 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5,5 1b

TMA with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle

Pusher and Obturator

Sabot

Shet Weight

185.0 1b
132.0 1b
100.0 1b

417.0 1b

Centre of Gravity: 22,25 inches from base,

Launch Data:

Charge Weight
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

1320 1b Pyro (10 bags)
Rubbed inside chamber
Multiple Pyrotechnic Squibs

85 deg
M11: 3

187 in
40 tons 3
39,700 in
45 in

M11l: 44,300 psi
Strain: 44,000 psi (Fig. 2,34)

Left: 5710 ft/sec
25 in of Mercury

No smear camera coverage was attempted on this round,

Radar Records:

The MPS-19 radar tracked the vehicle from T #+ 3 sec to

T + 130 sec. The azimuth change was =5 degrees,
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Trajectory: ;

The radar results agree well with a standard trajectory for

a muzzle velocity of 5800 ft/sec (Fig. 2.34a). The apogee derived from

the radar data was 380,000 ft = 116 km and the range was estimated to

e o, g e
I 1, LS, N
3

be 125,000 ft,

TMA Trail Results:

o A S

The cameras and the TMA payload performed satisfactorily, and

good trail photographs were obtained.

Summary:

The roun: was successful,
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Round No. 222 - HOLLYWOOD

Date: 16 February 1967 - 0210 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1lb

™A delay release mechanism.

Purpose of Test: Synoptic measurements of.wind prefiles,

Weights: Vehicle 184,5 1b
Pusher and Obturator 133.0 1b
Sabot 103.0 1b
Shot Weight 420.5 1b

Centre of Gravity: 22,25 inches from base,

Launch Data:

Charge Weight 1320 1b Pyro (10 bags)
Swedish Additive Rubbed inside chamber
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 85 deg
Crusher Gauges M1l: 3
Ram Distance 187 in
Ram Load 20 tons 3
Chamber Volume 39,700 in
Recoil 45 in
Breech Pressure M11l: 47,000 psi

Strain: 46,000 psi (Fig., 2.35)
Muzzle Velocity (Probe) 5730 ft/sec
Gun Evacuation 27 in of Mercury

Camera Records:

o smear caméra coverage was attempted on this round,

Radar Records:

The MPS-19 radar tracked the vehicle from T + 4 sec to

T 4+ 140 sec, The azimuth change was + 3.8 deg,
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Irajectory:

The radar results agree well with a standard trajectory for
a muzzle velocity of 5700 ft/sec (Fig, 2.35a). The apogee derived from
the radar data was 376,000 ft = 115 km and the range was estimated to

be 126,000 ft.

TMA Trail Results:

The camerasand the ™A payload performed satisfactorily, and
trail photographs were taken, All stations, however, reported hazy

to cloudy weather,

Summary:

The round was successful.
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HOLLYWOOD

16 FEBRUARY 1967 - 0210 AST

BREECH PRESSURE

TIME

20 milliseconds/division

Maximum Breech Pressure: P ax - 46,000 psi
m

CHARGE: 1320 LB PYRO

FIG., 2.35 STRAIN GAUGE RECORD OF BREECH FRESSURE
ROUND HOLLYWOOD
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i Round No. 223 - KERRY

2!;

a Date: 16 February 1967 - 0323 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

™A with delay release mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 184,5 1b
Pusher and Obturatoer 133.0 1b
Sabot 105.0 1b
Shot Weight 422,5 1b

Centre ot Gravity: 22,25 inches from base.

Launch Data:

Charge Weight 1330 1b Pyro (10 bags)
Swedish Additive Rubbed inside chamler
Igniter Multiple Pyrotecinic Squibs
Gun Elevation 85 deg
Crusher Gauges M11i: 3
Ram Distance 187 in
Ram Load 18 tons 3
Chamber Volume 39,700 in
Recoil 45 in
Breech Pressure M11l: 47,000 psi

Strain: 46,000 psi (Fig, 2.36)
Muzzle Velocity (Probe) Not available
Gun Evacuation 27 in of Mercury

Camera Records:

]

age m
2 2
B e e A e
- . .
‘

No smear camera coverage was attempted on this round,

Radar Records:

kil

The MPS5-19 radar tracked the vehicle from T + 3 sec beyond

apogee, There was no azimuth change.
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Trajectory:

The radar data were plotted in Figure 2.36a in comparison with
a standard drag trajectory for a muzzle velocity of 5700 ft/sec. The
range data indicated that the effective launch elevation was higher than
85 deg. The measured apogee was 373,000 ft = 144 km, and the range was

cstimated to be 125,000 ft.

™A Trail Results:

The cameras and the TMA payload performed satisfactorily and
good trail photographs were obtained from the St, Vincent and Grenada

sites. Rain interrupted photography at Barbados.

Summary:

The round was successful,
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KERRY

16 FEBRUARY 1967 - 0323 AST

TIME

20 milliseconds/division
Maximum Breech Pressure: P = 46,000 psi
max

CHARGE: 1330 LB PYRO

FIG, 2.36 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND KERRY
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KERRY

16 FEBRUARY 1967 - 0323 AST
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Round No, 224 - LIMERICK

Date: 16 February 1967 - 0417 AST

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

TMA with delay releage mechanism,

Purpose of Test: Synoptic measurements of wind profiles,

Weights: Vehicle 185.0 1b
Pusher and Obturator 132.5 1b
Sabot 101.0 1b
Shot Weight 418.5 1b

Centre of Gravity: 22,25 inckes from base,

Launch Data:

Charge Weight 1340 1b Pyro (10 bags)
Swedish Additive Rubbed inside chambex
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 85 deg
Crusher Gauges M1il: 3
Ram Distance 187 in
Ram Load 22 tons 3
Chamber Volume 39,700 in
Recoil 45 in
Breech Pressure M1i: 48,300 psi

Strain: 47,000 psi (Fig. 2.37)
Muzzle Velocity (Probe) Not available
Gun Evacuation None

Camera Records:

No smear camera coverage was attempted on this round,

Radar Records:

The MPS~19 radar tracked the vehicle from T + 3 sec to

beyond the apogee at T + 150 sec, The azimuth change was «3 degrees,

Trajectory:

The radar data were plotted in comparison with a standard
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drag trajectory for a muzzle velocity of 5700 ft/sec (Fig. 2.37a).
The range data indicated that the effective launch elevation was higher
than 85 deg. The measured apogee was 364,000 £t = 111 km and the range

was estimated to be 122,000 ft.

T™MA Trail Results:

The cameragand the ™A payload performed satisfactorily and
good trail photographs were obtained from the St. Vincent and Grenada
sites whereas the trail was obscured by a heavy haze at the Barbados

station,

Summary:

The round was successful. The increase in charge weight over
that of the preceding shot resulted in an increase in breech pressure
but not in apogee; it must be noted, however, that the bore was not

evacuated in this round.
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BREECH PRESSURE
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LIMERICK

16 FEBRUARY 1967 - 0417 AST

TIME

20 milliseconds/division

Maximum Breech Pressure: P ook = 47,000 psi

CHARGE: 1340 LB PYRO

FIG. 2.37 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND LIMERICK
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Round No. 225 -~ NEWRY

Date: 16 February 1967 - 0520 AST

11-158

Vehicle Description: Martlet 2C (Mod 2) carrying a payload of 5.5 1b

TMA with delay release mechanism.

Purpose of Test: OSynoptic measurements of wind profiles,

Weights: Vehicle

Sabot

Shot Weight

Pusher and Obturator

184.5 1b
131,0 1b
107.0 1b

422,5 1b

Centre of Gravity: 22,25 inches from base.

Launch Data:

Charge Weight
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

1350 1b Pyro (10 bags)
Rubbed inside chamber
Multiple Pyrotechnic Squibs

85 deg
Mlli: 3

187 in

18 tons
39,700 in
45 in

3

M1l: 51,600 psi
Strain: 52,000 psi (Fig. 2.38)

Not available
None

No smear camera coverage was attempted on this round,

Radar Records:

The MPS-19 radar tracked the vehicle from T + 10 sec to

T + 116 sec, The azimuth change was -9 degrees.
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Trajectoxy:

The radar data were plotted in Figure 2,382 in comparison with
a standard drag trajectory for a muzzle velocity of 5800 ft/sec., The
range data indicated that the effective launch elevation was smallex
than 85 deg. The apogee derived from the radar data was 381,000 ft =

116 km and the range was estimated to be 128,000 ft,

TMA Trail Results:

The cameras and the T™A payload performed sa:isfactorily and
good trail photographs were obtained from the Grenada North and Barbados

South stations.

Summary:

The round was successful. The further increase in charge
weight over that of the previous round resulted in a further increase
in pressure, The rather large azimuth change of 9 deg indicated that

the pusher plate was probably cocked ir the sleeve,
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NEWRY
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I T
———STANDARD TRAJEGIORY FOR 185 LB 6
VEHICLE WEILGHT
100
© MP3-19 RADAR 0
90
300 £
30
/ © 70
560
85 DEG —— 84.5 DEG
5,800 FT/SEC 5,800 FT/SEC
200 1/ /S50
S L0
=
[£H)
]
2
' 0
y 30 VEHLCLE WEIGh: 184.5 LB
8
& APOGEE 381,000 FT
] .
< /
100 0
10 SEC AFTER LAUNCH
0 10 20 30 40 50

HORIZONTAL RANGE - KILOFEET
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Round No, 226 - SHANKILL

Date: 17 February 1967 - 1654 AST

Vehicle Description: Martlei 2G carrying a kerosene payload and a

dummy release valve but no piston,

Purpose of Test: Engineering Test

Weights: Vehicle 333.0 1b
Sabot 213.5 1b
Shot Weight 546.5 1b

Centre of Gravity; 22 1/8 inches from base.

Launch Data:

Charge Weight 775 1b WMM, 225 (8 bags)
Swedish Additive 18 sheets rubbed inside chamber
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 80 deg
Crusher Gauges M1l: 3
Ram Distance 188 in
Ram Load 18 tons 3
Chamber Volume 39,950 in
Recoil 39 in
Breech Fressure M11l: 31,800 psi

Strain: 32,000 psi (Fig., 2.39)
Muzzle Velocity (Probe) 5200 ft/sec
Gun Evacuation None

Camera Records:

Two smear cameras were operated in this round, one in front

of the gun at a distance of 300 ft, and one behind the gun at a distance
of 250 ft, both on the gun line. The intercept point for both cameras

was 150 ft ahead of the muzzle, The films from the two cameras showed

the intact vehicle, Figure 2,39b shows the photograph from the front

smear camera,
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Radar Records:

The MPS-19 radar tracked the vehicle from T + 2 sec through
the apogee (at T + 120 sec) to T + 156 sec and further from T + 254 sec
to impact (at T + 291 sec), The AGC record indicated that at initial
lock-on the the voltage was slightly higher than for the 2C vehicles.
Signal appearance and loss on the descent leg indicated tumbling, The

azimuth record pointed to a perfect flight,

Trajectory:
The radar data were plotted in Figure 2,39a indicating an

apogee of 228,700 ft = 70 km, and a total range of 162,000 ft.

Summary:
The round was successful, resulting in a perfect flight of

the vehicle,
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SHANKILL

17 FEBRUARY 1967 - 1654 AST

TIME

20 milliseconds/division

= 32,000 psi
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775 LB WMM, 225

STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND SHANKILL
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Round No, 227 ~ BANGOR

Date: 22 March 1967 - 1315 AST

Vehicle Description: Martlet 2C (Mod 2) with a CDC telemetry package,

Purpose of Test: Test of telemetry package,

Weights: Vehicle 185,0 1b
Pusher and Obtucator 132.5 1b
Sabot 100.0 1b
Shot Weight 417.5 1b

Launch Data:

Charge Weight 1110 1b Pyro (10 bags)

Swedish Additive rubbed inside chamber

Gun Elevation 85 deg

Crusher Gauges Mil: 3

Ram Distance 187.5 in

Ram Load 18 tons 3

Chamber Volume 39,850 in

Recoil 40 in

Breech Pressure M1li: 27,700 psi
Strain: Not available

Muzzle Velscity (Probe) Not available

Gun Evacuation None

Camera Records:

Front smear photographs of the vehicle were obtained at a

point of the trajectory 150 ft ahead of the muzzle.

Radar Records:

The MPS-~19 radar tracked the vehicle from T + 3 sec to

T + 172 sec and again from T + 243 to impact at T + 252 sec,

Trajectory:
The radar data plotted in Figure 2.40a were compared with

a standard drag trajectory for a muzzle velocity of 4700 ft/sec and
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a launch elevation of 86 deg since the horizontal range data indicated

. an effective elevation of 86 deg instead of the xecorded 85 deg., The

F"~; apogee was 232,000 ft = 71 km, and the total range 63,000 ft.
i

Telemetry Records:

Not available,

Summary:

The round was successful,
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BANGOR

22 MARCH 1967 - 1315 AST

300 | 1
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® MPS-19 RADAR
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FIG, 2.40a MARTLET 2C (MOD 2) BANGOR
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Round No, 228 ~ DONAGHADEE

Date: 25 March 1967 - 1030 AST

Vehicle Description: Martlet 2C (Mod 2) with a CDC telemetry package,

" Purpose of Test: Test of the telemetry package.

Weights: Vehicle 185 1b
Pusher and Obturator 132 1b
Sabot 100 1b
Shot Weight 417 1b

Centre of Gravity: 22 1/8 inches from base,

Launch Data:

Charge Weight 660 1b Pyro (6 bags)

Swedish Additive Rubbed inside chamber

Gun Elevation 85 deg

Crusher Gauges Mil: 3

Ram Distance 187.5 in

Ram Load. 14 tons 3

Chamber Volume 39,850 in

Recoil 27 in

Breech Pressure M1l: 9,000 psi
Strain: 9,000 psi (Fig. 2.41)

Muzzle Velocity (Probe) Not available

Gun Evacuation None

Camera Records:

Front and rear smear photographs of the vehicle were obtained

at a point on the trajectory 150 £t ahead of the muzzle,

Radar Records:

The MPS~-19 radar tracked the vehicle from T + 6 sec to

T + 157 sec,

Trajectory:

Tte radar data plotted in Figure 2,4la show that the apogee
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of 97,000 £t = 29,6 km was reached at T + 76 sec; the total range was
28,100 fc,
Telemetry Records:
Not available,
Summary:
The round was successful,
S e s ey

e < DR # e AT me

o pemrm =~ =
»

Ty

id
"

]

LI

1/

"~ e

o s R e




s et Y ey A

10,000 psi/division

BREECH PRESSURE
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I1I-172

DONAGHADEE

25 MARCH 1967 - 1030 AST

TIME

20 milliseconds/division

Maximum Breech Pressure: Pmax = 9,000 psi

CHARGE: 660 LB PYRO

FIG. 2.41  STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND DONAGHADEE
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Round No, 229 - TEST SLUG 25

Date: 23 May 1967 - 1227 AST

Vehicle Description: METAL TEST SLUG

Purpose of Test: Simulation of weight and charge for Martlet 2Gl to

observe the performance of the instrumentation and the be=
haviour of the gun.
Weights: Shot Weight 1545 1b

Launch Data:

Charge Weight 112¢ 1b Pyro (9 bags)

Spacing of Charge 56 x 266 x 532 x 266 (Fig. 2.42b)
Swedish Additive Rubbed inside chamber ..
Igniter Multiple Pyrotechnic Squibs
Gun Elevation 80 deg

Crusher Gauges M1l: 3

Ram Distance 221 in

Ram Load 12 tons

Chambexr Volume 46,900 in’

Recoil 46,75 in

Breech Pressure M11l: 39,100 psi

Strain: Not available

Muzzle Velocity (Probe) 3750 £t/sec
Gun Evacuation 2/ in of Mercury

Camera Records:

Seven cameras were used in this round: one Fastax and one
Photo-Theodolite at the West Fastax station, two Mitchell cameras (one
at Paragon and one at the radar site), the front smear and the rear
smear camera, and one Bolex camera on the screen at the radar.

Good photngraphs were obtained from the rear smear, Fastax,

Mitchell at radar and Phot:o-Theodolite cameras.,
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Radar Records:

okt TR, ’R

The MPS-19 radar tracked the target from T + 9 seconds to

o

\!

impact at T + 88 seconds, An azimuth change of two to three degrees

was recorded,

Trajectory:

The radar data are plotted in Figure 2.42a. The apogee was

30,600 £t = 9,3 km, and the total range 14,000 ft.

Summary:

T AW N TR IR MR TN TG

The flight was satisfactory, and muzzle velocity and breech

pressure were as expec °*  The measuring equipment gave satisfactory

o5 results, Exceptions were the strain gauge the time base of which

(20 milliseconds per cm) was probably too fast for recording the pres-

g

sure; the front smear which was out of focus, and the Mitchell camera
! at the Paragon because of a jammed f£ilm, With these shortcomings
eliminated the round has shown that the same propelliant and recoxding

arrangement could be used for the following Martlet 2G-1 shot.
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TEST SLUG No. 25

23 MAY 1967 - 1227 AST

50 ' |
' j i
'® MPS-19 RADAR | !
1
' !
40 |- : f - i
' . H
[ ! g ; i
[<a] '
A | i
<) i |
8 i !
- .
» ; ' l
] s i
] @ 30 I — i
| 2
¥ H SHOT WEIGHT 1545 LB
= APOGEE 30,600 FT
RANGE 14,000 FT
!
20 60
10 skc \ i
¢ AFTER LAUNCH
1
] i I
| ,f o
B! ‘ :
r‘: t 10 —— . e 1§ e ammar - r—— — - o
§
!
|
. | 80
; ; :
] {
0 10 20 30 40
1 HORIZONTAL RANGE - KILOFEET
FIG. 2.42a METAL TEST SLUG TEST SLUG No. 25
ALTITUDE VS RANGE '
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Round No. 230 - BRONSON

Date:” 28 May 1967 - 1703 AST

Vehiclce Description: Prototype Martlet 2Gl, Series B configuration,

~¢arrying a dummy rocket, a BRL 1780 MHz 200 milliwatt trans-
mitter feeding a slotted-loop antenna, and BRL/SRI telemetry

equipnent consisting of two transmitters of 1 watt at 223 and

e

O

235 MHz, and a module containing an accelerometer, thermistor,

calibrator, sun and earth sensor S,C.0,, and an S,C.0, mixer.

Purpose cf Test: Engineering Test of vehicle and payload.

Weights: Total empty vehicle weight 859 1b
Rocket and payload weight 492 1b
Total Flight Weight 1351 1b
Sabot and Obturator 285 1b
Shot Weight 1636 1b

Centre of Gravity: 89.25 inches from tail fin edge,

Launch Data:

1120 1b SPD 10311-Pyro (12 bags)
See Figure 2.43

Charge Weight
Spacing of Charge

Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Recoil

Breech Pcessure

Muzzle Velocity (Probej
Gun Evacuation

Camera Records:

Paragon Mitchell
Radar Mitchell

Rubbed inside chamber
Multiple Pyrotechnic Squibs

80 deg
M1l: 3

260 in
40 tons
47,75 in

M1l: 47,170 psi
Strain: Not available

Not available
26 in of Mercury

no pulse
no pulse

ot ol o p e e = e s st

e o — et e,
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4 West Fastax 10" leus
West Fastax 35 mm lens
, Rear Smear
Fé : Front Smear
’ Photo-Theodolite (West
Fastax)
Bolex (radar screen)

good image of flying fragments of vehicle
good image of barrel and gas cloud

} flying fragments of vehicle

ss se ss s

. R

o e

did not start
image cf scopes weak

Radar Records:

2 o S o e

No track of vehicle or any target, either from the Barbados

G &y

MPS~19 radax or the Trinidad radar.,

Trajectory:

o v ot e a0 oo g 5 Rt S A8 SIS M ! TR b ST By

No trajectory obtained since the vehicle failed in the gun

barrel.

Telemetry Recoxrds:

No telemetry signals were received, All electronic units from

L

the recovered broken payload canister were found to have survived in

operable condition except for the back-up event timer which had been

sliced; the fracture of the canister, however, was such that the BRL

transmitter was lost,

e e e e er———————————_ . g i BT G P O s et ok

Summary:

TR o ueaant 1 e -

The breech pressure of over 47,000 psi which exceeded the

intended pressure and that of the preceding slug shot by 30% resulted

evidently in launch stresses which exceeded the strength limitations of

TN

7y
A sn o nn S

the body section in the region of the sabot. A break-up of the vehicle

followed, probably before muzzle exit although the gun was found to be

undamaged,

d

The cause for the overpressure could not positively be

established; contributing factors were probably the following:
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(i) The performance of the Pyro propellant used is thought
to be somewhat unpredictable for large charge and shot weights,

(ii) The ram pressure was much higher than that required
for the test slug used to verify the propellant charge weight..

(iii) The weight of the Martlet 2G1-Bl was 91 1lb, i.e. 6%
heavier than the slug,

With the exception of the Mitchell cameras which failed to

trigger, and Photo-Theodolite which did not start, the cameras gave

satisfactory results, The recovered electronic units also demonstrated

their ability to survive the launch accelerations intact.
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Round No. 231 -~ BANNOCK

Date: 30 May 1967 -~ 1040 AST

17-.182

Vehicle Description: IAHIVE FLARE BODY i

Purpose of Test: Structural and flight test of vehicle,

Weights: Vehicle 127 1b
Pusher and Obturator 86 1b ;
Sabot 106 1b )
Shot Weight 319 1b

Launch Data:

Charge Weight
Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

Front Smear
Rear Smear

os oo

Mitchell (Paragon) :
Theodolite (West Fastax)
Fastax (West Fastax)

e ae

Radar Records and Trajectory:

No records available,

885 1b M8M,22 (9 bags) .
260 x 200 x 200 x 285 -
Wrapped around bags
5 point ignition -

»

80 deg
MLll: 3

188 in
18 tons
29,950 in
39.5 in

M1l: 39,630 psi
Strain: 38,000 psi (Fig. 2.44)

Spurious readings
None

Vehicle scen with a bright burning sabot
Glow ¢ burning sabot, precluding the
vehicle

Vehicle seen as a bright streak

Good results for barrel whip studies
Good photographs; their evaluation gave
a muzzle velocity of 6000 ft/sec as an
average over the first 150 ft from the
muzzle,

/j’,
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Round No, 232 - CAMERON

Date: 30 May 1967 - 1350 AST

II1-185

Vehicle Description: LAHIVE 15 deg cone

Purpose of Test: Structural and flight test of vehicle.

Weights: Vehicle

Pusher Plate

Sabot

Shot Weight

Launch Data:

Charge Weight
Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

¥iuzzle Velocity (Probe)
Gun Evacuation

Camera Records:

71 1b
125 1b
28 1b

224 1b

970 1b M8M.22 (10 bags)
400 x 400 x 170
Wrapped around bags

5 point ignition

80 deg
M1l: 3

18% in

9 tons 3
40,150 in
39.75 in

M11: 41,300 psi

Strain: 41,000 psi (Fig. 2.45)

Spurious readings
None

B e

%

X

Rl T ot )

< W

e R i B L

Tip of cone visible

Glow only seen

Good photographs obtained; their evaluation gave
6820 ft/sec over the first 150 £t of the trajectory.

Front Smear
Rear Smear
West Fastax

s s oo

Radar Reccrds:

The MPS-19 tracked the vehicle for T + 2.5 sec on to impact.
The apogee of 17,500 ft = 5.3 km was reached at T + 20 sec, and the

impact occurred at T + 69 sec at a range of 4800 ft,

T S s ot e ¥ o . i gy
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Trajectory:

The radar data are plotted in Figure 2,45a,

Summary:

The round was successful, The spurious readings from the

muzzle velocity probes suggest again some gabot degradation.
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ALTITUDE - KILOFEET

I1-188

CAMERON

30 MAY 1967 - 1350 AST

30
© MPS-19 RADAR
VEHICLE WEIGHT 71 LB
APOGEE 17,500 FT
RANGE 4,800 FT
20
20
30
910 SEC
AFTFR
LAUNCH )
40
10

(g 60

o169

5 10
HORIZONTAL RANGE - KILOFEET
FIG., 2.45a LAHIVE 15 DEG CONE CAMERON
ALTITUDE VS RANGE
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Round No. 233 - DUNGON

Date: 30 May 1967 - 1626 AST

II-189

Vehicle Description: LAHIVE 10 deg cone with a short sabot and carrying

a pyrotechnic payload.

Purpose of Test: Structural and flight test of venicle.

Weights: Vehicle

Pusher Plate

Sabot

Shot Weight
Launch Data:
Charge Weight
Spacing of Charge
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Muzzle Velocity (Probe}
Gun Evacuation

Camera Records:

Front Smear
Rear Smear
Mitchell (Radar)

Mitchell (Paragon)
Theodolite and Fastax

..

.
»
.
*

121.0 1b
121,0 1b
28.5 1b

270.5 1b

1000 1b M8M,22 (10 bags)
400 x 400 x 200

Wrapped around bags

5 point ignition

80 deg
M1l: 3

188.5 in
18 tons
40,050 in
41,75 in

3

M11l: 56,100 psi
Strain: Pre~triggered

Pre~triggered
25 in, of Mercury

Vehicle faintly visible in glow
Orly glow visible

The glowing vehicle visible in five
consecutive frames

Film jammed

Good results obtained

The average velocity over the first 150 £t calculated from

the smear and Fastax film was 35560 ft/secc.
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II-190 K

\@ Fadar Records:

The MPS-19 obtained only a track of the pusher plate which

was recovered between the gun and the West Fastax station,

Trajectoxy:

No trajectory data available,

Summary:

The recovered pusher plate was buckled and gas washed possibly

indicating a failure of the pyrotechnic payload in the gun barrel.

The pre-triggering of the strain gauge and muzzle probes was

found to have been caused by a 1ine voltage surge when the vacuum pump

was turned off,

e
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Round No. 234 - ACCRA

Date: 21 June 1967 - 1900 AST

Vehicle Description: Mazrtlet 2D carrying a 10 1b payload of T™MA with

puff-puff release,

Purpose of Test: Engineering test.,

Weights: Vehicle 227.0 1b
Pusher and Obturator 146,0 1b
Sabot 91,0 1b
Shot Weight 464,0 1b

Centre of Gravity: 22.5 inches from base,

Launch Data:

Charge Weight 800 1b ¥8M,22 (8 bags)

Spacing of Charge 200 x 200 x 200 x 200

Swedish Additive 15 sheets, wrapped around bags

Igniter 4 point ignition squibs equally
spaced

Gun Elevation 80 deg

Crusher Gauges M1l: 3

Ram Distance 186.5 in

Ram Load 18 tons 3

Chamber Volume 39,600 in

Recoil 39 in

Breech Pressure M11l: 40,000 psi
Strain: Pre~triggered

Muzzle Velocity (Probe) 5500 ft/sec

Gun Evacuation 27 in of Mercury

Camera Records:

Rear smear and West Fastax photographs showed oniy gun gases,

Radar Records:

The MPS-19 radar tracked the vehicle from T + 4 seconds to
impact at T + 165 seconds, The azimuth during flight was around 130

degrees.
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Trajectory:

The radar data plotted in Figure 2,46a show a low trajectory
with an apogee of 73,600 ft = 22,4 km at T + 50 seconds and a total

range of 21,300 ft at T + 165 seconds,

TMA Trail Results:

The puff-puff release valve operated satisfactorily through-
out the flight, The apogee, however, was not high enough for the

usual trail,

Summary:

The trajectory, reaching only a very low apogee, indicated
a high drag flight., One broken fin of the vehicle was later dis-

covered in the launcn area,
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Round No, 235 =~ CAIRO

Date: 21 June 1967 - 2248 AST

I11-194

A < et s ot e o

Vehicle Description: Martlet 2C (Mod 2) carrying a 5 1b payload of

™A with delay release mechanism,

Purpose of Test: Measurement of w

Weights: . Vehicle
Pusher and Obturator
Sabot

Shot Weight

Centre of Gravity: 22 1/8 inches

Launch Data:

Charge Weight
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

No coverage,

Radar Records:

ind profile,

185.0 1b
132,0 1b
101.5 1b

418.5 1b

from base,

1320 1b Pyro (9 bags)
rubbed inside chamber
5 point ignition (squibs)

85 deg
Mil: 3

187 in

14 tons 3
39,700 in
44,5 in

M1l: 43,100 psi
Strain: 40,000 psi

Nc results
28 in of Mercury

The MPS-19 radar tracked the vehicle from T + 3 seconds to

T 4+ 263 seconds,
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II-195

Trajectory:

The radar data are plotted in Figure 2.47a in comparison with
standard drag trajectories for a muzzle velocity of 5600 ft/sec and
launch elevation of 85 deg and 86 deg. It appzars from the horizontal
range data thét the effective elevation was higher than the recorded
85 degrees, The vehicle reached an apogee of 355,000 ft = 108 km, and

the total range was estimated as approximately 95,000 ft,

TMA Trail Records:

The cameras and the payload performed satisfactorily, and a
bright trail resulted, Photographs were obtained from the Barbados

North and South, Grenada North and South, and Tobago North stations.

Summary:

The round was successful,
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Round ¥o, 236 - DURBAN

Date: 22 June 1967 - 1951 AST

Vehicle Description:

I1-197

Martlet 2C (Mod 2) carrying a 5 lb payload of

™A with delay release mechanism,

Purnose of Test:

Weights: Vehicle
Pusher and Obturator
Sabot

Shot Weight

Centre of Gravity:

Launch Data:

Charge Weight
Swedish Additive
Igniter

Gun Elevation
Crusher Gauges

Ram Distance
Ram Load
Chamber Volume
Recoil-

Breech Pressure

Muzzle Velocity (Probe)
Gun Evacuation

Camera Records:

No coverage.

Radar Records:

Measurement of wind profile.

184.0 1b
132.5 1b
102.0 1b

418.5 1b

22 1/8 inches from base,

1360 1b Pyro (10 bags)
rubbed inside chamber
5 point ignition (squibs)

85 deg
Mll: 3

187 in
14 tons
39,700 in
45,25 in

3

M1l: 46,700 psi
Strain: 41,000 psi (Fig. 2.48)

5770 ft/sec
26 in of Mercury

The MPS-19 radar tracked from T + 3 seconds to T + 260 seconds

and again from T + 299 seconds to impact at T + 311 seconds,

Trajectory:

The radar data were compared in Figure 2.48a with standard
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drag trajectories for a muzzle velocity of 5700 ft/sec and launch

elevations of 85 and 86 degrees, The horizontal range data indicated

that the effective launch elevation was higher than the recorded 85

degree elevation, The apogee was 362,000 ft = 110 km which was reached

at T + 150 seconds, and the total range was 88,300 ft,

TMA Trail Records:

The M-24 cameras and the payload worked satisfactorily; a

long and bright trail was photographed from the Barbados, Grenada, and

St. Vincent stations,

Summary:

The round was successful,
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10,000 psi/division

BREECH PRESSURE
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II-199

DURBAN

22 June 1967 - 1951 AST

TIME

10 milliseconds/division

Maximum Breech Pressure: P . == 41,000 psi

Charge: 1360 1lb Pyro

FIG. 2.48 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND DURBAN
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I1I-201

Round No, 237 - ENTEBBE

Date: 22 June 1967 - 2120 AST

3 Vehicle Description: Martlet 2C (Mod 2) carrying a 5 1b payload of \

IMA wich delay release mechanism,

Purpose of Test: Measurement of wind profile,

Weights: Vehicle 184.0 1b '
1 Pusher and Obturator 132,5 1b
Sabot 99.0 1b
Shot Weight 415,5 1b

Centre of Gravity: 22 1/8 inches from base,

Launch Data:

. Charge Weight 1380 1b Pyro (10 bags)

Swedish Additive rubbed inside chamber
Igniter 5 point ignition (squibs)
Gun Elevation 85 deg

i Crusher Gauges Mil: 3

3 Ram Distance 187 in
Ram Load 14 tons 3

F Chamber Volume 39,700 in
Recoil 45,25 in
Breech Pressure M11l: 50,900 psi

Strain: 43,000 psi (Fig. 2.49)

Muzzle Velocity (Probe) Inconsistent results
Gun Evacuation 27 in.of Merxrcury

Camera Records:

No coverage.

Radar Records:

The MPS-19 radar tracked the vehicle from T + 4 sec to %

T + 100 sec and again from T + 320 sec to impact at T + 326 sec,

Trajectory:

The radar data are plotted in Figure 2.49a in comparison with

*, =t ” i
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a standard drag trajectory for a muzzle velocity of 5900 ft/sec, The
horizontal range data suggest that the effective launch elevation was
somewhat higher than the recorded 85 degrees, The apogee as derived
from the radar data was 393,000 £t = 120 km and a total range of 103,000

ft was measured,

™A Trail Results:

No trail was visible, Apparently the T™MA release valve

failed to function,

Summary:
The trajectory was normal but no wind data were obtained

since the release mechanism failed,
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10,000 psi/division

BREECH PRESSURE

11-203

ENTEBBE

22 June 1967 - 2120 AST

TIMZ

10 milliseconds/division

Maximum Breech Pressure: Prax = 43,000 psi

Charge: 1380 1b Pyro

FIG. 2.49 STRAIN GAUGE RECORD OF BREECH PRESSURE
ROUND ENTEBBE
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Round No, 238 -~ FREETOWN

Date: 24 June 1967 -~ 2120 AST

Vehicle Dec_ription: Martlet 2C (Mod 2) carrying a 5 1b payload of

™A with delay release mechanism,

Purpose of Test: Measurement of wind prciile,

Heights: Vehicle 181.0 1b
Pusher and Obturator 132,0 1b
Sabot 105.0 1b
Shot Weight 418.,0 1b

Centre of Gravity: 22 1/8 inches from base,

Launch Data:

Charge Weight 860 1b M8M,22 (9 bags)
Swedish Additive rubbed inside chamber
Igniter 5 point ignition (squibs)
Gun Elevation 85 deg
Crusher Gauges M1l: 3
Ram Distance 187 in
Ram Load 11 tons
Chamber Voluwme 39,700 in
Recoil 45,5 in
Breech Pressure Mll: 44,600 psi

Strain: 38,000 psi (Fig. 2.50) .
Muzzle Velocity (Probe) Inconsistent Result
Gun Evacuation 28. in,of Mercury

Camera Records:

No coverage.

Radar Records:

The MPS-19 radar tracked the vehicle from T + 3 sec to

T 4+ 100 sec and from T + 338 sec to impact at T + 346 sec.
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Trajectory:

The radar data were plotted in Figure 2,50a in comparison
with a standard drag trajectory for muzzle velocity of 6100 ft/sec,
The apogee derived from the radar data was 440,000 ft = 134 km, and

a total range of 117,000 ft was measured,

A Trail Results:

The trail was weak and dim but photographs could be obtained

from the Barbados, Grenada, and St, Vincent stations.

Summary:
The round was successful., Examination of the gun after the
shot showed that the entire sleeve had been launched with the vehicle

but the gun was not otherwise damaged.
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10,000 psi/division

BREECH PRESSURE
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11-207
FREETOWN

24 June 1967 -~ 2120 AST
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TIME

10 milliseconds/division

Maximum Breech Pressure: Pmax = 38,000 psi

Charge: 860 1b M8M,22

ROUND FREETOWN

FIG, 2,50 STRAIN GAUGE RECORD OF BREECH PRESSURE
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' FREETOWN
d 24 JUNE 1967 - 2120 AST
E
‘l 1 |
© ‘
¥ \ I 5
~-— SWANDARD TRAJECTORY
FOR 185 LB VEHICLE WEIGHT o
80
i
© MPS-19 RADAR |
300 ' - !
©10

— 85 DEG
’ i
5 €100 FT/SEC |
; 1
i | i
. | ,
200 — — f — ; - e m———
: ; 0 |  VEHICLE WEIGHT 181 LB
' i 40 {
£ 5 : : | APOGEE 440,400 FT
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FIG, 2,50a MARTLET 2C (MOD 2) FRELTOWN
ALTITUDE VS RANGE

RPN ALY/
O<<-—-..
1

St et e




g

PART III




7 4
r
§°
3 H
1 I1I-1
p
)
TABLE OF RADAR DATA
) Radar k
: Round Ko, Name MPS-19 M-33 Comments \
180 ANTIGUA
181 INAUGUA X X
182 CUBA X X
183 MURPHIUS
184 DOMINICA
185 S 1
186 5 2
187 5 3
188 JAMAICA X X —
189 ST, KITTS X X
190 ST. LUCIA X X
191 MONTSERRAT X X 8ynoptic
192 NEVIS X Series
193 OCHO RIOS
. 194 PUERTO RICO X
i 195 LA RAIZET X
g 196 ST, THOMAS X —
; 197 TS 4
198 ELEUTHERA X X
199 FLAMINGO X X
| 200 DOKNA X X
201 TS
202 FERNANDE
203 TS
204 ALPHA X —
205 BETA X
206 GAMMA X
207 DELTA X
208 EPSILON X Synoptic
209 ZETA X Series
210 ETA X
211 THETA X
212 I0OTA X —
215 KAPPA -4
214 INDEPENDENCE 1 X
! 215 INDEPENDENCE 2 X
216 TS
3 217 ANTRIM X -T
214 BELFAST X
219 CORK X
220 DUBLIN X ~~. Synoptic
221 GARVAGH X Series
222 HOLLYWOOD X
223 KERRY X
224 LIMERICK X
225 NEWRY X —




TABLE OF RADAR DATA (Cont'd)

Radar
Round No, Name MPS-19 M-33 Comments

226 SHANKILL X

227 BANGOR X

228 DONAGHADEE X

229 TS No., 25 X

230 BRONSON

231 BANNOCK

232 CAMERON X

233 DUNOON

234 ACCRA X

235 CAIRO X

236 DURBAN X

237 ENTEBBE X

238 FREETOWN X
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St~ DR % o CRew

| 181 - INAUGUA ; 182 - CUBA
F | 4 . - v e e e ————— ) -
, _
__ MPS-19 ' (o33 . .MPS-19 _ M-33
1 Ti_.qn_e. }A-%ti_..tgq.g Range . T }A_lt_itude Range | Time Alg:itude Range!T i‘Altitude Range
) ! : : ‘
g 10 152,000 5,3000 7:41,600 4,450 10 30,000 5,800 7} 27,220 5,000%
20 !97,100 10,300{10} 50,800 4,500, 20 52,500 10,300/10: 31,780 5,800
30 139,100 15,300{15' 76,500 7,800[ 30 70,000 15,100{15: 44,700 8,060
40 178,000 19,700/20° 97,400 10,500 40 85,000 19,300|20, 54,200 10,100°
! 59 214,000 24,300,25 119,800 13,700 50 96,000 23,300|25{ 64,000 12,300
| 60 246,000 29,300/30 139,000 16,300 60 104,000 27,300|{30! 71,600 14,700
1 70 275,000 33,3000 - 70 109,000 32,300|35{ 79,000 16,700
2 80 302,000 36,700] 80 110,500 36,300{40; 85,900 19,200
90 322,000 39,300: 90 F09,ooo 40,300
' p i
’ I
188 - JAMAICA 189 - ST, KITTS
MPS-19 M-33 _MPS-19 i M-33
| Time Altitude Range | T jAltitude Range | Time Altitude Range'T iAltitude Range
3 i -——- - e . x _,g -
10 .50,000 5,100{10: 48,000 3,900 10 52,200 4,300, 5| 35,000 3,550,
20 95,000 9,900{15| 74,600 7,150 20 100,000 8,700 10| 53,800 4,200
30 136,000 14,300{20; 97,100 9,000 30 144,000 12,900 15| 73,000 6,000 '
40 174,000 18,300{25 (119,300 11,6000 40 {184,000 16,300 20| 98,000 7,900
50 209,500 22,700(30 [138,000 13,700 50 R22,000 20,100 25 {124,920 10,100 ,
60 241,000 26,100/35[157,100 15,9000 60 {256,000 22,800;30 144,900 13,200
70 270,000 29,600(40 (175,200 18,000 70 287,000 26,300’ :
80 295,500 32,300 80 315,500 29,300
100 538000 33,300 %0 pee.00 31,500,
, ’ o
|+ ;
N
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I1I1-4

190 - ST, LUCIA

191 - MONTSERRAT

- mam - ——

MPS-19 . | u-33
=7 .
_Time Altitude Range;T !Altitude Range
: ‘ cude Ran |
10 |54,000 4,300 5 27,700 2,500{ 10 ' 55,000 5,100: 5 31,880 2,760,
20 198,000 8,300 10 48,500 3,100! 20 102,000 9,300/ 10- 54,900 4,740
30 139,000 11,300 15 74,400 5,900 30 .146,000 13,900}15 85,900 7,700

OMPS-19 Me33
Time Aititude Range T Altitude Range

. Ves

40 176,000 14,300 {40 187,000 18,300i 20 105,700 10,000
50 210,500 17,500’ 50 224,000 22,300 25]125,500 12,200
60 242,000 20,500 60 259,000 26,300 30 145,000 14,700
70 270,000 23,900 ' 70 290,000 29,800,

80 294,500 26,500
90 316,500 29,300
100 335,000 31,100; :
110 351,000 33,800{ ;

ISR N

80 319,000 33,300
90 [344,000 36,900
100 ‘366,000 40,300}

i
!
H
t

192 - NEVIS 194 - PUERTIO RICO

MPS-19 u-33 MPS-19 M-33
Time Altitude Range!T

2 T ‘Alticud_g l}f’_mge Time Altitude Range T Altitude Range
! : T T T
! 10 52,000 4,300 -

Not available| 20 98,000 7,300 'Not available
30 140,000 11,300 ; .

40 179,000 14,800

|
251,600 25,900 50 ‘215,000 18,300 i
287,600 29,300 60 247,000 21,300 |
319,000 33,300 70 {277,000 23,900 |
348,000 36,300 80 ;296,000 25,500 |
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ol L

195 - LA RAIZET 196 - ST. THOMAS

. —— - . . r—— - x =t

MPS-19 | ne33  Mps-19 M-33

_Time ;Altltude ‘Range| T |Altitude Range |Time _Altitude Rasmge| T Altitude Range

10 55,000 4,800

10 49,000 3,300 ! i
|

3 20 102,000 9,306, ,Not available | 20 , 93,000 7,100l Mot available
30 145,000 14,3000 ° 30 {134,000 10,30 S
4C 186,000 19,300 40 172,000 13, 703 ?
50 223,000 24,300 50 206,000 16,300 :
60 258,000 28,300 60 {238,000 19,900 ,
70 289,000 32,3000 70 267,000 21,70 !
80 ‘317,000 36,000; 80 [292,000 26,303
90 340,000 41,300 | 90 |314,000 31,300

g f 100 {333,000 34,300
; 110 349,000 38,300
; 120 361,000 43,300

_ I
198 - ELEUTHERA 199 - FLAMINGO |

MPS-19 M-33 MPS-19 : M-33

= o mm——

Time [Altitude Range| T ,Altitude Range Time |Altitude Range T !Altitude Rangel

10 i 51,500 9,300 4| 30,200 5,350 10 | 54,500 5,300 629,300 3,400
20 | 99,000 17,800 10} 55,460 9,100{ 20 {103,500 10,9010 | 52,100 4, 80&
30 142,500 26,300 15/ 79,850 13,900| 30 l148,000 15,90915] 80,100 7, 800
] 40 183,000 35,300 20 ,,,800 1,,,oo 40 {190,000 20,80G20 {103,100 10,200

50 1220,000 43,800 50 |229,000 25, 780025 [128,000 13,200
60 '255,000 51,800 60 |265,000 31,10(30 [150,100 15,800
70 285,500 59,300 70 {297,500 35,9oc
80 ;313,000 67,300 80 {327,000 40,30(

90 351,000 44,30(
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I1I-6
200 - DONNA
MPS-19 M-33
Time | Altitude Rangex) Time |Altitude Range
10 37,500 11,000 7 34,600 6,600
20 71,500 19,000 25 90,000 18,400
30 102,000 27,000 30 104,500 21,700
- 40 128,000 33,000 35 118,700 25,000
50 153,000 40,000 40 131,000 28,300
60 170,000 45,500 45 144,000 31,300
70 188,000 * 52,000
80 202,000 58,000
90 212,000 64,000
100 219,000 Ny 71,000
110 224,500 78,000 ;
120 226,000 86,000 ,
130 223,500 92,000
140 214,000 100,000
230 50,000 150,000
240 22,000 155,000
x) The range data of MPS-19 as shown above were corrected by -5000 £t
in order to obtain agreement with M-33 data, and since the given
data do not appear to have the gun as reference point.
204 - ALPHA 205 - BETA 206 - GAMMA
MPS-19 MPS-19 MPS-19
Time |Altitude Range | Time | Altitude Range | Time | Altitude . Range
10 | 51,600 5,800 10 54,600 4,300 10 55,000 5,300
20 | 94,000 11,200 20 | 101,000 8,900 20 {103,200 9,700
30 125,600 16,300 30 | 144,000 13,100 30 |148,000 14,700
40 [156,800 21,700 40 |183,500 16,900 40 |189,500 19,500
50 (185,400 26,700 50 219,600 20,300 50 |227,600 24,300
60 210,000 32,100 60 | 252,800 24,300 60 |260,600 29,300
70 {232,000 36,900 70 1279,600 27,300 70 |294,400 33,500
80 |251,000 42,200 80 | 308,800 34,300
90 267,000 46,900 -
100 279,000 52,200
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207 - DELTA 208 - EPSILON 209 - ZETA
MPS-19 MPS-19 MPS-19
Time |Altitude Range | Time |Altitude Range J Time | Altitude  Range |
10 | 53,400 4,700 | 10 | 51,000 5,300 | 10 | 52,800 4,500
20 ; 98,000 8,500 20 | 93,800 10,100 { 20 | 96,200 8,700
30 (139,000 12,500 | 30 |133,000 14,700 | 30 | 136,200 13,000
40 {176,200 16,500 | 40 [169,200 19,300 | 40 | 173,700 16,700
50 [211,400 20,300 | "50 |.201,800 23,500 | 50 { 207,400 20,300
i| 60 {242,000 23,700° | 60 | 231,200 27,700 | 60 | 237,500 24,100
'l 70 [271,000 27,300 70 | 257,600 32,100 70 | 265,000 27,300
| 80 1296,000 30,300 | 80 | 281,400 36,300 | 80 | 289,500 30,100
| 90 |318,000 32,900 | 90 |299,400 39,200 | 90 | 310,000 32,500
i1 100 |337,600 35,300
i | 110 |353,600 37,300
120 |366,000 39,300
|
- 210 - ETA 211 - THETA 212 - I0TA
MPS-19 MPS-19 MES-16
Time |Altitude Range | Time | Altitude Range | Time| Altitude Range
10 | 54,400 5,500 | 10 | 54,600 5,900 | 10 | 53,600 5,700
20 {100,000 10,300 | 20 | 101,000 11,300 | 20 | 99,400 10,300
30 | 142,000 15,100 | 30 | 144,000 16,300 | 30 | 141,200 15,300
40 | 180,400 19,100 | 40 | 183,600 21,300 | 40 | 180,200 19,700
50 | 217,400 22,200 | 50 | 220,000 25,900 | 50 | 218,100 24,100
60 | 253,600 30,900 | 60 | 248,800 29,300
70 {283,300 35,300 | 70 | 276,000 37,900,
80 | 311,200 41,700
90 | 335,000 44,300 t
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213 - KAPPA 214 - INDEPENDENCE 1 215 - INDEPENDENCE 2
MPS-19 MPS-19 MPS-19
Time |Altitude Range | Time |Altitude Range | Time ! Altitude Range |
10 | 50,400 5,500 10 | “50,000 4,800 { 10 | 10,300 2,300 .
20 | 93,400 10,300 20 | 92,000 .9,300 | 20 | 11,000 2,800
.30 |132,400 15,300 30 |131,000 13,500 | 30 8,300 4,800
40 (168,200 19,700 40 {165,500 17,300 | 40 4,500 5,100
50 {201,000 24,300 | 1 50 |197,600 21,600 | 50 1,000 5,300 ;
60 {230,000 28,300 , 60 | 226,800 25,300 | 55 0 5,300
70 1257,000 32,700 || 70 |252,500 29,300 !
80 |280,000 36,500 |: 80 |275,500 32,800 \
90 {300,000 39,500 90 | 295,000 36,800
100 |317,700 41,900 ! |100 |311,50C 41,800
110 |327,000 43,100 |!110 | 325,000 44,300
i | 120 | 335,000 49,300
, | 140 | 347,000 55,800
| ; 150 | 348,500 58,300
1
217 - ANTRIM. 218 - BELFAST 219 - CORK 3
]
MPS-19° MPS-19 MPS-19 2
Time |Altitude Range | 'flme | Altitude Range |Time | Altitude Range l
]
10 | 5€,000 4,700 | 10 | 51,200 4,800 | 10 | 49,800 4,000
20 | 94,000 9,100 | 20 | 96,800 9,700 | 20 | 93,000 7,700
30 |134,800 13,300 | 30 |139,000 13,900 | 30 | 133,000 11,300
40 {172,000 18,100 | 40 {187,800 18,300 | 40 | 165,70 15,000
50 |206,200 21,100 | 50 | 213,400 22,300 | 50 | 203,300 18,500
60 |237,200 26,300 | 60 | 245,800 26,100 | 60 | 233,700 21,300 ;
70 | 265,200 29,100 [ 70 | 275,400 29,100 | 70 | 260,500 25,900 !
80 290,000 32,900 80 | 284,800 28,700
90 311,800 38,000 96 | 306,300 30,100
100 | 330,200 42,300 100 | 324,200 33,000
110 | 339,800 35,100
120 | 351,000 37,000
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220 - DUBLIN 221 - GARVAGH 222 - ;1OLLYWOOD
{
MPE-19 MPS-19 MPS-19 :
Time |Altitude  Range | Time | Altitude  Range |Time | Aliitude _ Range!
t
10 | 48,800 4,700 10| 50,200 4,300 10 | 50,000 4,500 !
a 93,600 9,300 20| 94,400 8,500 | 2¢ | 94,000 9,100,
30 1134,000 13,900 30 | 135,000 12,500 30 | 134,600 13,100,
40 171,200 18,100 40 | 172,800 16,600 { 40 | 172,000 17,200 :
50 205,200 22,300 50 | 206,800 20,600 | 50 | 206,000 21,1066 :
60 |235,400 25,900 60 | 237,00 24,100 60 | 236,800 £5,900
70 263,800 30,300 70 | 266,000 27,500 | 70 | 264,800 29,500
80 | 290,600 31,700 | 80 | 289,700 33,300
90 | 312,400 36,900 | 90 | 311,600 37,300
100 | 331,600 38,800 | 100 | 330,000 41,100
110 | 347,400 39,900 | 110 | 345,600 44,700
120 | 360,000 41,300 | 120 | 358,000 47,900
' 130 | 369,800 42,300 | 130 | 367,200 50,900
223 - KERRY 224 - LIMERICK 225 - NEWRY
MPS-19 MPS-19 MPS-19
Time | Altitude Range Time | Altitude Range | Time |Altitude Range |
10 | 50,000 4,300 10| 49,000 4,100 { 10 | 50,000 5,300 !
20| 93,700 8,100 20| 92,000 8,000 | 20 | 94,200 10,100
30 | 133,900 12,100 30| 132,000 11,300 | 30 | 135,200 14,900
40 | 171,000 15,300 40 | 168,600 15,100 | 40 | 172,800 19,300
50 | 204,800 19,300 50 | 201,800 18,500 | 50 | 207,200 23,900
60 | 235,600 22,300 60 | 231,800 22,100 | 60 | 238,300 28,300
70 | 263,200 26,100 70 [ 259,000 25,100 | 70 | 266,600 35,300
80 | 287,800 29,500 80 | 283,000 27,900 { 80 | 292,000 36,700
20 | 309,200 32,500 90 | 304,000 30,660 { 90 | 313,300 42,900 |
100 | 327,600 35,100 | 100 321,800 33,900 | 100 | 332,400 47,300
110 | 342,800 38,300 | 110 336,000 37,100 | 110 | 348,400 50,500
130 | 364,000 45,700 130 | 356,000 42,900
150 | 373,000 49,300 | 150 | 364,000 48,300 i
|
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111-10

r —_
*5 226 - SHANKILL 227 - BANGOR 228 - DONAGHADEE '
E MPS-19 MPS-19 MPS-19
. Timel Altitude Range |Time \Al¢itude Range Time |Altitude Range E
| i
i 10 40,000 8,300 10 40,500 3,300 10 26,300 2,300 '
.20 73,600 15,800 20 74,500 5,800 20 47,000 4,300 '
30 {10,500 23,800 30 | 104,600 9,100 30 63,500 6,300 !
40 | 130,200 30,700 40 | 131,500 11,800 40 76,600 8,300 :
50 | 153,300 38,000 50 | 155,000 14,300 50 £5,300 10,100 -
6 | 173,600 45,300 60 { 175,500 17,000 60 93,000 11,900 i
7% | 190,600 52,100 70 | 193,000 19,900 76 96,400 13,600
80 | 204,400 59,100 80 | 207,000 22,300 80 96,600 15,700 ,
a9G | 215,000 66,700 90 | 218,000 25,300 90 93,700 17,300 |
100 | 222,800 73,600 [ 100 | 225,700 27,800 100 87,500 18,900
1i0 | 227,300 80,600 | 110 | 230,000 30,300 | 110 | 78,000 20,700 |
120 | 228,700 87,300 { 120 | 232,000 34,300 120 65,700 22,300 -
130 } 227,000 94,100 | 130 | 231,000 34,800 130 50,400 24,100 :
140 1 222,300 100,900 | 140 | 226,000 37,800 140 32,600 25,700
150 1 214,800 107,000 | 150 | 218,000 40,800 150 13,200 27,100 4
260 33,800 160,700 | 160 | 207,000 43,300 157 - 600 28,000 !
270 ; 23,000 161,200 | 246 | 17,000 61,800 ‘
280 12,000 161,500 | 250 - 700 62,800 '
290 1,500 161,700 k
291 0 161,800 i
i
! i
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229 - TEST SLUG #25 232 - CAMERON
MPS-19 MPS-19
Time | Alcitude Range Time | Altitude Range
10 19,000 4,800 10 15,100 2,550
20 26,800 5,600 | 2¢ 17,500 - 3,550
30 30,200 7,300 30 16,300 4,100
40 30,200 8,800 40 12,800 4,550
50 27,200 10,300 50 8,400 4,900
60 21,200 11,700 60 3,800 4,900
70 13,800- 12,800 69 0,000 4,900
80 5,700 13,600
234 - ACCRA 238 - FREETOWN
MPS-19 MPS-19
Time | Altitude Range | Time | Altitude Range
10 37,200 7,300 10| 55,000 . 5,100
20 58,000 11,300 20 | 103,000 9,300
30 68,000 13,300 30| 147,500 13,100
40 72.500 15,300 40 | 188,000 16,800
50 73,600 16,300 50 | 226,000 20,300
60 71,300 17,800 60 | 261,000 24,300
70 66,400 19,300 70 | 292,500 27,300
80 59,400 20,300 80 | 321,000 31,300
100 45,300 21,300 90 | 346,500 35,800
120 32,700 21,300 3401 9,000 116,600
140 17,400 21,300 346 | -3,000 117,300
160 4,000 21,300
165 | -5,000 21,300
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235 - CAIRO 236 - DURBAN 237 - ENTEBBE )
MPS-19 MPS-19 MPS-19
Time |Altitude Range | Time [Altitude Range | Time | Altitude Range _
10 49,000 3,800 10 | 49,300 3,300 10 51,000 3,800 ,
20 91,500 7,800 20 | 92,000 7,300 20 96,000 8,000
30 | 130,200 11,300 30 {132,000 10,300 30 | 138,000 11,700 '
40 | 166,400 15,000 40 {168,000 13,300 46 | 176,500 15,000
50 | 199,000 18,700 50 | 201,300 17,100 50 | 211,000 19,300
60 | 228,500 21,800 60 231,000 19,300 60 | 243,400 22,300 °
70 | 255,000 25,300 70 1258,000 23,300 70 | 272,000 26,500 :
80 | 278,000 29,000 80 | 282,000 26,300 80 | 298,000 29,000 ,
90 | 298,500 31,300 90 {303,000 29,300 90 | 321,000 32,300 ;
100 | 315,500 34,700 100 | 320,500 30,800 100 | 340,400 36,800 |
110 | 329,800 37,300 110 | 335,000 35,300 110 | 357,000 39,000
130 | 348,400 43,300 120 | 346,500 37,300 120 | 371,000 39,600 !
150 | 355,000 50,300 130 | 354,800 41,300 130 | 382,000 40,300
170 | 348,800 55,300 140 | 359,500 44,300 320 17,500 102,300
190 | 330,400 61,300 150 | 362,000 46,300 326 0 103,300
210 | 299,000 69,300 170 | 356,500 53,306
230 | 256,000 74,300 190 | 339,500 58,000
260 { 177,000 82,800 200 | 326,000 60,800
220 | 290,000 65,300
240 | 242,000 70,300
300 | 36,600 86,300 X
310 2,800 87,800 :
! i
| |
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i TABLES AND GRAPHS OF WIND DATA
Trail No., Round No, Name Date Page
43 181 INAUGUA 17 Feb 66 V-3
44 189 ST. KITTS 7 - .8
45 190 ST. LUCIA Iv-12
46 191 MONTSERRAT — 23/24 Feb 66 IV-16
47 192 NEVIS IV-20
48 194 PUERTO RICO W-24
49 196 ST. THOMAS _ IV-28
50 199 FLAMINGO 25 Feb 66 IV-34
51 205 BETA ] 1V-38
52 206 GAMMA IV-43
53 207 DELTA V=48
54 208 EPSILON —19/20 Sep 66 IV-53
55 209 ZETA IV-57
56 210 ETA IV-62 !
57 211 THETA V- 66 L
58 212 I0TA ) v-71
59 218 BELFAST = v-75
60 219 CORK IvV- 80
61 220 DUBLIN IV-84
62 221 GARVAGH IV~ 89
’ 63 222 HOLLYWOOD - 15/16 Feb 67 IV-93
64 223 KERRY V- 98
65 224 LIMERICK Iv-102
66 225 NEWRY ] 1v-.107
67 235 CAIRO 21 June 67 V- 111
68 236 LURBAN 22 June 67 -116
L)
For each of these rounds a data table and graphs are given.
The wind speed plot shows the speed of the wind vector in meters per
second as a function of altitude in kilometers above sea level., For
the wind direction plot the wind vector is cousidered to point in the
direction towards which the wind is moving, and the direction is given in

degrees clockwise from North, over East, South, West, to North. The

wind components plots give the North/South, and East/West velocities,

with direction towards Noxrth and East positive. The components are

plotted in meters per second versus altitude in kilometers.

%
) Taken from References Nos. 12 to 15, pp I-63/64.
(See also Bibliography, Apperndix A-3, p. A-11,)




pk

i o xS e i St oA < Sy e
- ¥

. oo

AT A

-2

The wind direction and components as given in the plots are
referenced to true North, Components relative to magnetic North have
also been calculated for comparison with other ionospheric phencmena.

‘fhese components are not plotted, but are listed in the data tables,
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ST . 21 R

BARBADOS
WP TRAIL
WiND WINRD
ALTITUBE HEADING VELOCITY

(KM) (DEG) (M/S)
52.0 299.8 97.9
93,0 312.0 112.3
9440 3247 11144
9540 3374 11247
9640 34546 117.0
97,0 34545 136,8
9840 34442 143,9
9940 34404 143,5
100,90 35347 113,7
101.0 6e4 10547
102.0 1347 10042
103,90 2340 T5e2
104.,0 3140 62.8
105,° 44 e2 44,2
1¢6ev 10560 2146
107.C 10le4 17.3
102,0 24865 2246
199,90 2651 14¢9
119.0 3366 18,1
111.90 4345 2062
112.,0 4940 35,9
113.0 6346 5346
114.,0 6849 66¢4
115.90 698 72.2
116.0 T1le2 79,5
1179 T1e9 87.9
11840 7766 87.0
119,0 88e1 8l.8
120,0 96¢4 766
121,90 99.# 7449
12240 18247 7541
123,90 10144 73.8

Iv-3

TRAIL NOe 843 INAUGUA
17 FEBRUARY 1966

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E~-w
4867 ~8540
7562 =835
90.9 =644

10400 ‘4304
113.3 -29.0
132:4 «34,1
13845 ~39.1
13802 -3847
113.0 <1245
10560 11.8
97.3 2348
6962 29¢4
5348 3244
31.7 30.8
~5e6 2069
~16e¢4 55
-843 -21.0
~le3 =14.8
1646 ~Te2
1446 13.9
23,5 2701
23.8 4860
2349 62,0
2449 6748
25e7 753
2743 83.5
18.7 85.0
207 8le7
~8e5 7601
=127 73.8
~1645 7363
~1446 7243

21-03~00 AST

MAGNETIC

N-S E-w
6449 ~73,4
9045 -65.¢
1020 ~b447
11006 ‘2105
116.8 ~545
13646 ~6or
14345 ’1003
14342 =10.C
113.2 10,6
10045 32,8
90e5 43,.,C
61.8 42,8
46,1 4246
2448 3646
-7 1945
'1702 201
-3.9 '2202
le7 -14,8
1707 ’3.7
11.5 16.5
17.5 31.3
1346 51,8
109 6545
10.7 Tle4
1000 78.9
9.9 87.3
1.2 87,0
~13.9 8046
=237 72.8
~27.3 69.7
-3100 68.5
’2809 67.9
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BARBAROCS
DOwh TRAIL

wiND

ALTITUDE HEADING

(KM (DEG!
107.0 2124
108.0 2216
109.0 26141
110.0 32867

111.0 19.0
11240 62¢4
113.0 7262
11449 76e2
11%.0 7703
11649 78¢4
117.0 8049
118.0 8662
11940 914
i?.C‘.O 9408
1.0V 973

V=4

TRAIL ROe. B43 INAUGUA
17 FEBRUARY 1966

21-03-00 AST

WIND WIND COMPCNENTS (M/S)
VELOCITY GEOGRAPIHIC MAGNET

(M/S) N-S E-% N-S

Te5 =643 -4¢0 -5¢4
2069 ~1546 -13.9 -12e5
1907 '208 ‘1905 102
162 13.% -8.4 1542
1607 150; 505 1404
3946 18.3 35.1 10.8
59.4 1842 5666 Sels
6760 16.0 651 2e5
8649 192 84.8 Le7
99,8 20,0 977 -0.1
10146 1660 100.3 ~4eb
10046 1061 100.1 -1Ge3
93,7 =2e2 9367 -21el
9444 ~8.0 94,1 -2648
9745 =123 9667 -3146

1C
E-w
“502
’16.8
’1907
~5.4
B.t
38,1
59.1
67.0
8649
99,7
10145
100,1
91.3
0045
92,2
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Iv-5 _
; ; WIND COMPONENTS TRAIL NO. B43  INAUGUA
e UP DOWN 17 FEBRUARY 1888  21:03:00
, © & NORTH= SOUTH
! @ a EAST-WEST HA.RP BARBADOS
: a r r 1 l 1] 1 ] 1§ l 1 3 '— 1 4 1—
i - T
132 L 4
)
b
a ~ T
4 128 |- +
1 2 L 4
] ; : 124 |- -4
o !
‘~' i | 120 L
]
' } ; -
F % e L
B 1 ]
o -
g | : H2
", HEIGHT |
F !
| M 08 L
04 L
i
[
f 0 |- O
¥ |
& 3¢ L.
}-
92 . / —t—
I r JP
88 L -4
- ﬂ..
8" o nrm——
- T
1 l L ] s l 2 . . l 1 ] 2 l
-1e0) -80) -40 o 40 80 120
SPEED (M/S)
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WIND SPEED

@ UP TRAIL

& DOWN TRAIL

HEIGHT
(KM)

132

{24

120

1[4

H2

108

104

100

92

88

34

V-6
TRAIL NO. B43 INAUGUA
17 FEBRUARY 1966  21:03:00
HARP BARBADOS
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Iv-7

WIND DIRECTICN TRAIL NO. B43 INAUGUA
¢ UP TRAIL i7 yEBRUARY 1966  21:03:00
4 DOWN TRAIL HARP BARBADOS

132 |-

128 |-

24 L

120 L.

He |-

HEIGHT -
KM
( )|08 -

04 |-
100 L
96
ol S

88

84

T

i
40 - 120 200 280 0 80 160
DIRECTION (DEG)
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TRAIL NO.

BARBADOS
WIiND WIND
ALTITUDE HEADING VELOCITY

(KM) (DEG? (M/S)
87.0 195.8 9245
8840 19747 6609
89.9 20605 7947
90.0 21042 Tas1
91.0 22942 6le4
9240 22%) 6043
33,0 2346 6242
9440 26541 8le5
9560 2975 7849
96490 29601 6548
97.0 30445 6261
98,40 31165 85.3
99,0 31647 85.0
100.0 32149 8246
10140 3271 797
102.0 32842 87.6
103,90 32345 103.4
10440 323.1 109,.8
105.0 32343 114.1
106.9 31644 9540
167.0 26342 4140
108:0 26241 2848
189.0 27867 15.0
110,09 1840 1044
111,90 551 2846
11260 575 3%.8
113.9 64e} 427
11460 7345 4167
115.0 7963 8245
116.0 7845 8847
117.0 7743 Q0.2
118.,0 764 91.5
119.9 7649 89.3
120.0 82.2 8048
121.0 83a.7 164
12240 844 7646
123,90 8305 7761
12440 825 176
12549 8548 7069
126,090 91.1 62.1
127.90 929 57¢7
12840 9543 5340
1290 961 4945
130.0 10467 4344
13140 11949 35.1

B44 STs KITTS
23 FEBRUARY 1966

20-46-00 AST

WIND COMPONENTS (M/5)

GEQGRAPHIC
N-$S E-w
-89.0 =251
=637 =204
-7104 =35.5
~64e6 =376
-4062 465
“4344 -42.0
=361 -5047
=6l -8le2
3665 =700
3007 '62.7
3562 =51.1
56!5 “6309
6le8 -5843
6540 =-50.9
66.9 ~4342
They “46e2
83.2 =6145
8707 -65.9
91.5 ~6642
6902 6640
~4e9 ~40¢7
-b4a( =285
2453 -14.8
9eF 3.2
1643 2345
2164 3346
18.7 3864
11¢9 4040
1%5.2 81,1
176 87.0
19.% 88.0
2163 8849
2043 87.0
11.0 80.0
8.3 7640
Te5 7643
8e7 767
10.1 7740
Sel 707
=le2 620
=350 5746
=409 528
~5¢3 4943
~11le0 420
"735 30.Q

MAGNET

N-S
-82.1
~58¢3
‘6208
'5507
-30.0
“3“00
-2501
1044
49.9
a2 e
L4.8
6842
723
739
T4e2
8242
939
99+
103.4
81.1
3¢4
1.8
502
940
11.2
1442
1046
Y]
-1le5
~0.3
17
3.1
2}
-S54
~Te2
-8l
-7.0
-5e7
+9e3
-13e7
-14.46
“1505
’1501
~1943
~23¢3

IC
E-w
-“2.6
~324.8
~4942
""09.9
“53‘7
-“9.9
”56.9
“8008
’610?
-55,°C
-‘02 .9
'51.2
-Lb o
=367
-28,8
-30.2
~43 44
~4He8
~48,3
'5007
'4009
~284¢7
-14.,0

5.1
2603
37,2
4148
41406
82,5
88.8
9042
Dlaew
89,2
80.6
76,1
7642
7649
7765
7043
6045
55.8
5N 7
L/
38.¢
26
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WIND COMPONENTS

UP DOWN
O A& NORTH- SOUTH

® 4 EAST-WEST

Iv-9

TRAIL NO. B44

ST KITTS
23 FEBRUARY 1966  20:4600

HARP BARBADOS
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IV-10
WIND SPEED TRAIL NO. B44 ST KITTS
® UP TRAIL 23 FEBRUARY 1966  20:46:00
& DOWN TRAIL HARP BARBADOS
v " v ' ) | ! ¥ I
132 L -
128 L. -
- -
124 1. -
o 4
120 |- -
e - .
12 b )
HEIGHT L o
pa \ -
104 L. -
100 |- -
5 . -
l; =4 o
’ g2 L. / -
] R J
88 |- -
. 84 | -
. ’ [ ' } l ) l
40 80 120 160
SPEED (M/S)




; V=11
i\
ol WIND DIRECTION TRAIL NO.B44 ST KITTS

a ® UP TRAIL 23 FEBRUARY 1966  20:46:00
! A DOWN TRAIL HARP BARBADOS

! 1 1 | LA | L4 T T T T.‘r“—t T T
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FE:CHT
{kid)
i08 L.

104 |-

00 |

92 |-

88 |-

84

L
40 120 200 280 0 80 i60
DIRECTION (DEQ)
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b e = gt e
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;}f\" Iv-12
‘\ .
'
§ "y
SR
b} TRAIL NOe« B45 ST LUCIA
C BARBADOS 23 FEBRUARY 1966 22-03-00 AST
-
. wIND WIND WIND COMPONENTS (M/S)
§:§ ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
IR (KM) (DEG) (M/S) N-S E-W N-$ k=
e 95.0 30046 786 3949 -67¢5 5247 ~58,1
i 9640 30846 Bbe b 5349 6745 666 ~5542
§ %‘ 970 31866 90.6 68.0 -5G,9 T8e7 -6l o9
1 9840 32241 9249 7342 5741 8362 ~4lal
LR 9940 32149 9545 7542 -5869 8545 ~42,5
{ §* 10049 32167 9540 7446 ~5849 8540 424t
L3 10140 32346 93.9 7546 -55,7 8543 -39 ,2
£ 10240 21945 9046 68.9 5849 7944 -43,8
, %, 193.0 313.0 89.4 6049 ~65¢4 7249 -51,4d
1§ 10440 29048 55 ¢ b 197 -51.8 2948 —45.8
4 10500 2““06 3907 -1700 ‘3509 ‘904 ’38.6
: 10640 22945 3446 =225 -2643 ~1647 -30.3
Y. 10740 20941 3043 “26e0k ~1447 2249 ~19,7
é 108490 16804 2643 ~2548 5e3 ~263 04C
; 109.0 14003 38.9 ’2909 2409 -3403 1803
110.0 12601 53.8 -3107 ‘0305 "’3908 .56.2
111.0 11764 6848 -31.7 61e1 ~43 eb 53,4
11240 12044 6942 ~35,0 5947 ~4643 51e4
113.,0 115¢4 69.1 ~29¢6 624 ~4] 6 55e1
1140 11701 6504 -29.8 5842 ~4009 5140
\ 115.0 11563 6202 -264e6 5602 -3764 49,7
11640 9949 6267 ~10.8 618 -23,.1 5843
[ 11740 870 773 - 440 77.2 1147 7664
}
|

A T o
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WIND COMPONENTS TRAIL NO. B45 ST LUCIA
UP DOWN 23 FEBRUARY 1966 23:03:00
O A NORTH=- SOUTH
® a4 EAST-WEST HARP BARBADOS
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WIND SPEED

® UP TRAIL

A DOWN TRAIL

HEIGHT
(KM)
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120
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TRAIL NO. B45 ST. LUCIA
23 FEBRUARY 1866  23:03:00
HARP BARBADOS
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B WIND DIRECTION TRAIL NO. B45 ST LUCIA
1} ® UP TRAL 23 FEBRUARY 1966 23:03:00
: A DOWN TRAL HARP BARBADOS
3
LN LI B I A SN R RN
132 F_
: 18 L
% 124 L
z
e |
Hz2 e
ll HEIGHT L
(KM
Mo |
104 |-
100 |-
96 -
92
88 |-
84 |
T L. l L l A l - l I J i l i l |
40 120 200 280 0 80 160
DIRECTION (DEG)




4 aascladl
Lo

r—S—
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TRAIL NOs B46 MONTSERRAT

BARBADOS 23 FEBRUARY 1966 23-21-00 AST
WIND YIND WIKRD COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEQGRAPHIC MAGNETIC

{Km?} {DEG) (M/5) N-S E~-w N-$S t-w
11140 12849 5Teb “36.0 4447 ~4443 3665
11240 12467 8448 ~48.3 69.7 ~61le4 5845
1130 12562 91.2 ~52.6 T4e5 ~6646 6243
11440 80122 51le9 8e7 5043 -1leb 5leC
115.0 5946 48,6 2446 419 15.6 abe v
1160 4502 5448 3846 38.9 299 45,9
117.0 679 4647 176 4343 Be5 46,0
11840 10548 3042 =862 2901 =13.9 2648
119.9 9142 31e5 ~0e7 314 ~70 3046
120,90 5043 2344 1560 18,0 1l.1 2047
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1v-17
TRAIL NO. B46 MONTSERRAT
23 FEBRUARY 1388 23:21:08

HARP BARBADOS
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WIND SPEED

@ UP TRAIL

& DOWN TRAIL

HEIGHT
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7]

108

iIC4

100

10
(X}

88

84

Iv-18

TRAIL NOC. B46
23 FEBRUARY 1366

MONTSERRAT
23:21:00

HARP BARBADOS

T

= |

v ]’ Y

R B

i

Ll

i

40

80
SPEED {M/S)

120

s
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g A 1;7#7‘.?&1‘9 @uﬂa@,ﬂn@h’* B

B T T—
-

132

128

124

120

Hé

112

REIGHT
KM
KM 08

104

100

S0

92

88

oo e s e —_—— - - .’N -
. ’
W-19
WIND DIRECTION TRAIL NO. B46 MONTSERRAT
@ UP TRAIL 0 FEBRUARY 1966  23:21:00
A DOWN TRAIL HA.RP BARBADOS
I T I L T T | T T T { ¥ | v
pne o
- .
" o
— ~
r o
- -
r Sy
l 1 | A l i L 4 } i l 1 L 1
40 120 200 280 0 80

DIRECTION (DEG)




P

e Wy s An enei h S

J e .
0

V=20

TRAIL NCe.

BARBADOS
WIND WIND
ALTITUDE HEADING VELOCITY

IKM) (DEG) {M/S)
9140 25065 bbhel
¢2.0 2ble0 80,0
93,0 2791 7661
9“00 29402 78.%
9509 313.4 T7.8
§6:4 31266 88.+5
97.0 325.0 107.9
9840 32469 108.9
99,0 32546 105946
100 ¢ 32643 114.5
101,90 33448 53,9
10240 2763 17.8
i03,0 1223, 5le4
10440 13845 6945
10540 14542 9465
10640 146¢) 103.6
107.0 14345 108.9
108.0 14844 103.9
10940 1568 103,0
110690 16346 9lel
11140 164617 83,0
11240 145¢1 7067
113.0 12747 66e4
1140 113.0Q 6942
115.0 1052 7262
11640 161.0 71.9
117.90 957 7049
11840 89¢5 7367
119690 78¢5 66543
12060 669 6548
121.0 6166 59.8
122.0 4L1e2 5369

B47 NEVIS
24 FEBRUARY 1966

00-25~00 ASY

WIND COMPONERNTS (M/S)

GEOGRAPHIC
N=-S E-w
=215 ~00e7
-1246 ~79.0
12618 ~75e}
32.1 «T71e5
5345 =565
60.0 =6542
38:@ -6109
89.2 -6206
QUe4 «62¢0
9542 -6346
4848 =229
1548 8,1
~27e5 4244
=52.1 462
~77e6 5349
~8640 57.8
~8745 64.8
“9208 57.C
‘9606 4046
-8549 30.3
-F643 3249
~58+0 4045
~4442 4946
=271 6347
-19.0 697
=137 705
=Tel 7065

Qeb 737
13,3 6540
2549 6045
2845 5266
405 3545

MAGNET

N-S
~-8.8
3e6
2740
4549
6368
719
99.1
10046
i0l.1
1061
52¢4
13.8
‘3507
~60e4
=869
=3569
-98.8
~102.4
“10008
-90a.2
-Bled
~6540
=53.3
<3944
=327
‘2707
~2162
-1463
-0l
13.1
17,3
3245

1C
E-w
-63.8
-79.5
'7‘.!
6349
-“505
‘51.7
~42,8
~-43,3
”42.5
-4301
“1206
11,1
37.0
3447
37.1
39.2
45,8
37,1
2047
1263
16.8
2840
39,7
5649
6444
6643
6746
7243
65,3
6445
57.3
4249

P,

B it

e

. e =



v-21

O & NORTH- SOUTH
© 4 EAST-WEST

WIND COMPONENTS TRAIL NO B47 NEVIS
UP DOWN 24 FEBRUARY 1966  00:25:00

HARPR BARBADOS

132 | +

128 |- -

i2¢ | 4

120 |~

e |-

ne L

HEIGHT

(M
(e )IOB "

Ny vy e = e

04 |

lm o
®

96 L.

-
D
-

g2 | Q‘ /

s

SPEED (M/S)

88 and i
84 s £
= T
A J 'l ] 1 l A 1 j A l ¥ L
-120 -80 -40 0 40 80 120




PR
B
i

SR 2 i sl

¢
|
i
i
4
N
e
> )
]
B
b
J
{
t
{
i
I
'

Nrm——

V.22

WIND SPEED TRAIL NG B47 NEVIS
® UP TRAIL 24 FEBRUARY 19868 00:25:66
& DOWN TRAIL HARP BARBADOS

| oo ' i L |
132 . -
128 . -
124 |- -~
120 |- \ -
e |- 3 -
2 |- _
HEIGHT L -
M
(KM) s L |
104 |- —
- -’
100 | -
5 -
96 L. -
r -
92 = / -
88 ad and
84 maaad -y
- .
i 2 i A | s 1
40 80 120 180

SPEED (M/S)

o | Aol RS, AR5, TR



| 1V-23
‘ WIND DIRECTION TRAIL NO B47  NEVIS
® UP TRAL 26 FEBRUARY 1966  00:25:00
A DOWN TRAIL HA.RP BARBADOS
L r  § r . B T 1 ' | l 1 4 l 1 r L
132 L -
- 1

124 | -

120 L ' -

ne L _

r- -

2 L -
HEIGHT B -
kM) o i i

}- -
04 |- n 4
: +
Iw =3 oy
8 J
3
96 | -
r ®
92 | / -
88 . - !
_ i %
84 | . - ’{
4

1 l y l i l 4 ﬂ 1 l i J i

1 ;
40 120 200 280 4] 80 160 ‘
DIKECTION (DEG)

e e e ev—————




v-24

| : TRAIL NOe B48 PUERTO RICO

BARBADOS 24 FEBRUARY 1966 03--27-00 AST
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) (DEG) {M/S) N-S E-w N=-S E-W
9040 320.1 5347 4162 =34 ¢4 473 ~25e4
91.0 32446 5247 43.0 ~30.5 48473 ~21e2
9240 33842 6202 578 ~23,1 613 -11.¢C
93,0 33744 T1l.6 6641 =276 70.3 -13,7
94,0 339.2 7063 657 -2540 694 -1l.2
954,90 34945 5861 5742 ~1046 5862 162
9640 lel 4369 4349 0.9 428 9.7
970 35749 43,2 43642 ~le6 4246 Te2
96.0 002 4606 4646 0.l 4506 9.5
99.0 355.8 49.8 4967 =37 494 6ot
100,90 13707 27.1 <200 18,2 =233 13,8
101.,0 16448 60.4 “58¢3 15,8 ~6043 3.7
102,90 162.0 672 -6440 2046 -66.8 73
103,0 16846 6766 ~66e3 1343 =676 «0eb
10440 17642 74,7 =745 50 ~74.0 -10.1
105.0Q 18443 7868 =786 ~6.0 -75.8 -2147
10640 145,.9 58.8 -48,7 3249 ~5443 2204
107490 12940 6662 =4le7 51e4 -512 41.9
10840 128467 6609 ~41.9 522 -5146 4247
10940 13549 5467 =39.3 381 =462 2944
110,0 13945 2962 =222 18,9 -2546 14.0
11100 G6Eeh 103 ”001 1e2 ~0e3 le2
11200 35247 12,2 1261 -1e5 1202 1,0
11340 35265 185 184 =24 185 1.4
11“.0 33308 3864 34,5 ~17.0 3702 -947
115.0 33342 4544 4046 ~2045 4349 -11.9
11640 331.1 5842 510 ~2842 5546 ~17.3
117.0 331.0 65.8 57e6 ~31.9 62.9 ~1946
118.0 33547 71l.1 6448 ~2943 694 -1566
11900 33448 77.0 69.7 ~32.8 The9 -1840
120.9 337.1 80,8 T4 el ~31e4 7942 ~15.,7
12140 33609 8046 The2 ~31e7 79.1 -16.1
122.0 3460,.3 7949 75-3 ~2649 7942 -1le1
123.0 33948 8601 80.8 ~2%7 85.1 '1208

< AT ok

P e e




/
. 7
j IV-25
}
WIND COMPONENTS TRAIL NO B48 PUERTC RICO
UP DOWN 24 FEBRUARY 1966  03:27:00
j O A NORTH- SOUTH
i ® 4 EAST-WEST HA.RPR BARBADOS
4 } v l T ] v v [ v 1 v l
g 132 | —
i’ e -+
1 .
| | I
: 28 |
E:
§ s
! 20 |
/
5 b
i ne L
| !
E',
é e i~
' HEIGHT |
¢ (KM) |08 e
a ol
04 L
, 100 |-
§ .
1 96 |-
{
g L
3 92 |
!
'; -
88 L. -
b -
T
i l 1 L I l () A J_ - | l Fy l
-120 -80 -40 0 40 80 120

SPEED (M/S)




AN Xy

Ll 53

WIND SPEED

& UP TRAIL
4 DOWN TRAIL

TRAIL NO 848 PUERTO RICO
24 FEBRUARY 1966  03:27:00
HARP BARBADOS

132 .

128 L.

124

120

i6

i

HEIGHT

(KM) 08

104

100

9% L.

92 .

88 |-

84 |

' o T L |

| 5 | i | 1 |

40 80 120 160
SPTED (M/S)
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a Sk oo 8 g o]

N
we

e e e e, et

- e Ml s e




V=27

WIND DIRECTION TRAIL NQ B48 PUERTO RICO
® UP TRAILL 24 FEBRUARY 1986 022700
A DOWN TRAIL HA.RPR BARBADOS

132 |~
128 |-
124 |
120 |.
6

H2 |-

HEIGHY L
KM
( )l08 -

104 |-

92 .

88 |-

40 120 200 280 0 80 160




Iv-28

4

TRAIL NOe B49 ST THOMAS

: BARBADOS 24 FEBRUARY 1966 05-23-30 AST
TP MP TRAIL :
r
% WIND WIND WIND COMPONENTS (M/S)
® ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
A {KM) (DEG) (M/S) N-S E~-w N-S E-w
i 9640 28243 3849 8e3 -3840 1548 -35.5
1 9749 25648 3240 -743 <3141 -049 -31.9
. 9840 22602 3847 -26.8 -27.9 ~20e6 -32,7
g 9900 20501 119.1 "107.9 "5005 “9505 ‘?lo?
. § 10040 20647 131.2 ~11762 -5849 ~102.9 ~8lot
1k 11,9 21340 12644 ~10640 -6B.8 ~8949 -88.8
Y 10240 21945 111.4 -8640 ~7049 -6949 ~-8648
3 103,0 22441 8644 -62e1 -6041 -4847 714
' 16440 22548 5843 ~4046 -41.8 -31.3 -49,1
o 10540 22449 34,7 ~2446 ~2445 ~19.1 ~2940
1Uc .0 20148 1247 -11.8 -4e7 ~1046 ~7.0
1970 86¢6 1645 1.0 16.5 ~244 16.4
i 108,40 78¢4 3662 7e3 3545 00 3642
2 199,90 72,3 41,7 127 3947 P 4leb
11040 6467 44 42 18.9 39.9 105 4749
1119 5241 4443 2742 3540 19.6 39,8
11240 3545 5245 4247 3045 3547 3845
113.0 2342 6443 5941 2544 5248 36,8
11440 2249 7949 7346 31e1 6548 4543
; 1150 3349 89.3 7401 4948 6245 6347
' 11660 1849 673 637 21.8 5840 34,2
; 1170 4e9 49,0 488 4e2 4549 14,0

e M N W

B R N =

o
-

B eh e e e b i S




C s e o A e . . —_—— e e e g o s AR e o e v e e moem o

G e it/

ae. i

3 E - )
|7 |
£l
il IV-29
RE
n
| TRAJL NO. B49 ST. THOMAS
! BARBADOS 24 FFBRUARY 1966 . 05-23-30 AST
3 POWN TRAIL
1 WIND wIND WIND COMPONEN1S (M/S)
i ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
{XM) {OEG) {M/5} M-S E-w N-5 E-w
10160 22062 1217 93,0 -784.5 “75e2 -95,7
10240 22248 99,2 -7248 -67e4 -57.7 -80,7
103.0 2261 705 “4849 -50:8 <3746 -59,6
1049 22643 5648 ~4047 -39,.7 -31.8 ~47.1
10540 22446 4364 30,9 ~3045 -2401 ~3641 g
106490 22348 19.5 ~1440 -13.5 -110 ~1640 :
107.6 6645 32.5 1340 2948 6e7 31,8
198,90 6204 4645 2146 4le3 12.8 44,48
109.0 64e2 6644 2062 41.8 11.3 45,0
110.0 6201 47.8 2203 “202 13'3 lo5.8
1lie0 5549 43,1 2401 3547 1604 39.8
112490 4349 4844 3449 3345 27 ¢4 39.9
113.0 3248 47,1 319.6 2545 3346 33,0
11640 2043 47.9 /49 1646 40e6 2543
o 115%.0 33.8 572 475 31.8 4041 40,7
E | 11646 3449 5949 4961 343 412 4345
. 117.0 2646 4644 4105 2047 3645 28,7
118,0 34761 2446 2440 -5¢5 Cheb =045
]
4 TRAIL A
: DOWN TRAIL
1
WIND wWIND WIND COMPOMENTS (M/S)
ALTITUDE HEADING VELOCITY GECGRAPHIC MAGNETIC
(kM) (DEG) (M/S) N-S E-W N-S E-W
| 11040 1049 5444 5344 1042 5042 20.8 ¢
11140 1949 6544 61e5 2243 55¢7 34,3
11240 1644 6844 6546 19.3 6044 3261
1130 35943 8540 8540 ~140 8345 1642
11440 35542 8546 8543 -T2 8540 1062

e OB e e B v it v ek a e A 1 — - P i - i gy e ctprere -

o o o, -
M ETRDIC I 2, 5 B 6 s T




L
[PPSOV

,wmmw"zwﬁ‘w?”%%@fﬂ £

I

132
128
124
120

e

n2

HEIGHT
(
(KM) 0%

K4

88

84

V=30

WIND COMPONENTS
NORTH- SOUTH ONLY

TRAIL NO. B49
24 FEBRUARY 1866  05:23:%0

T i 7 e e AT e e s A Ml ety

ST THOMAS

TRAIL “A”
UP DOWN DOWN
o a 0 HARP BARBADOS
N D LA B T T
- i i
— -L- _
i 3
— —d _
B 4 4
jm— ‘-1
i -
r -
F —
L -
~ -
- -
. 4 j
3 + .
X 1 ]
= . B
PR | A i 1 | . A [} 2 i R 1 R
-120 -80 -40 o 40 80 120
SPEED (M/S)

[
b, T i et oS B s

e

.



¢ ’
V-31
WIND COMPONENTS TRAIL NO. £49 ST THOMAS
EAST-WEST ONLY P
TRAIL “A" 2 FEBRUARY 1966 05:23:%
UP DOWN DOWN
° a s HARP BARBADOS
L [ v 1 R [ v L ' v l Y '—
132 | -1 ' -
A J{ J
128 |- - —
o3 r- -
124 L. e -
- -+~ -
120 | -
{ + .
X
e | ]
3 o
‘ Nz | -
HEIGHT | _
(KM) o8 L _
: 1
L
. , ﬁ
‘00 p— —
- 1
96 |- -
92 | 4. -
- - o
38 | —tn -
po -J- 1
84 L. .- -
L 1 ‘
1. l £ l 1 l A N l 2 H ri 1
-120 -80 -40 0 40 80 120




| “._‘M-WM%

LAY

- [ ———" = - e o N 1

¢ o e L e e et e

Iv-32

V/IND SPEED TRAILNO. B49 ST THOMAS
® UP TRAL % FEBRUARY 1966 05:23:%0

& DOWN TRAIL
s DOWN TRAIL "A’ HARP BARBADOS

' | M 1 ’ 1 ' I
o o
132 L. -
L o
g R
28 = -
{20 -
6 -
,
e -
HEIGHT ]
KM
(KM) 108 -
ﬂ
104 -
100 -
96 -1
o -
$2 = -
88 ¢~ -
84 |- -
1 ] 1 | 1 | 3 1
40 80 120 160
SPEED (M!S) '

T A,




AT

TN e

Y

ok el

128
124
120

it6

12

HIICHT
KM
KM 08

104

92

88

WIND DIRECTION
@ UP TRAIL

A DOWN TRAIL

a DOWN TRAIL “A”

Iv-33

TRAIL NO. B49 ST. THOMAS
2§ FEDRUARY 1056  05:23:%0
HARP SARBADOS

T T T T YT T T T T T
b 1
- -
r -
L e
L -
]
. \ -
a 4
- ® -
- -
| -
b -
- —
- -4
r -
b L
| -
- 1
.
[. I l ) l 1 i 1 l _ 2 l 3 L ¥ l |
40 120 200 280 o 80 160

DIRECTION (DEG)
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V.34

TRAIL NOo B50 FLAMINGO

e S VU

S

BARBADOS 25 FEBRUARY 1966 18-43~uU AST
WIiND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNET !~
(KM) (DEG) (M/35) N-S E-W N-S D~n
9440 289,.6 5946 20.0 ~56¢2 3069 “hl,T
9540 31240 6let 4lel =4546 4945 -3¢ .4
96,0 323.1 65.8 5246 ~39.,5 5944 =25
97.0 33746 The 691 2844 Tiaua =17
98.9 34847 85.1 8345 =167 8L/ ‘ot
99o° 35609 99.8 99.6 ~5¢3 9846 14,¢
100.0 308 119.4 11G.1 840 115.0 3146
101,0 58 133.3 132.6 1346 12741 6Cs
102.0 113 141.9 139.,2 277 130e7 5% 62
103.0 1545 138,2 130.3 361 12043 €l.7
104,0 2045 133.6 12541 470 113.0 7le3
105,0 3449 103,2 8467 591 710 75.0
196,.,0 4445 14,7 81.9 80,3 64.0 95.2
197,090 63,0 132.7 6043 1li8.2 3542 127,.9
108,0 779 12648 2845 123.6 3.0 126.8
109,0 92.0 10647 ~3.8 10646 -2542 10246
110,09 97 e 8047 =-10.4 80.0 ~2643 7643
111,0 11161 T4e7 ~2740 697 ~4045 6248
112,90 13649 5449 <4001 3746 -46.9 2847
113.0 15342 5641 -50.0 25:3 =541 1447
114.9 15944 4742 4442 1646 -4646 T3
115e° 16605 4169 ‘4007 9.8 ~4]1e8 1.4
12640 17344 37.3 ~37.1 4¢3 372 ~3.3
117.0 183.8 3440 =33.9 -2e2 ~32.8 ~3.0
118.0 193.% 3067 ~29.9 ~Ta2 -27.8 -13.1
119690 20445 2667 =2443 ~11.1 ~21le6 -15,.8
120,0 21240 2743 ~Z23.1 ~1445 ~1947 ~18.9
121.0 22046 2640 =19.7 ~1649 ~1549 -2905
122.,0 2217 2761 ~20e3 ~1840 ~1642 -21,7
123.0 21645 2646 ~21leb -15.8 -17.8 -1%.8
124,90 21441 2649 ~22+3 -15.1 -18.8 -=19.3
12540 20745 2440 =213 ~11l.1 ~1846 ~15.2
12640 190.9 19,9 ~19.6 -3.8 ~18+4 ~7.7
127.92 170:2 20e4 =20.1 35 ~20e4 -0eb
12840 15445 2240 ~1949 9¢5 -2le4 5.3
129.,0 13545 2545 ~18e2 17.8 =214 1348
136,0 123.7 31.5 -17¢5 2602 ~22 314 22.1

174

-y

o

»
D, e o




S

132
128
124
120
He

12

HEIGHT
(KM)wS

04
100
96

92

FRET

[ 4 v
IV-35

WIND COMPONENTS TRAIL NO. 850 FLAMINGO

UP DOWN 25 FEBRUARY 1966  18:43:00

O A NORTH~ SOUTH

® 4 EAST-WEST HA.RP BARBADOS

| LA ‘ ¥ 1 v v ' B ' ¥ ' LJ
! I -
e e e
o
S
o
k.
hase L 9N -
- -’ J
pe e ‘ E‘
L. B N
P TP M PR T R ’
-120 -80 -40 0 40 80 120 &
SPEED (M/S) l




WIND SPEED

@ UP TRAIL
~ DOWN TRAIL

TRAIL NO. BSO
25 FEBRUARY 1866

FLAMINGC
18:43:00

HARP BARBADOS

132 L
128 |-
124 |
120 |
e |-

2 |

HEIGHT -
KM
(KM) 08 §-—

04 |-
100 |
96 |-
2 |
88 |-

84 |-

R L

L

40 80 120
SPEED (M/S)

160

ST

VE [l

PSS AR




e ae e

PO PR

124
120
16

2

HEIGHT
KM)
¢ 108

104

100

92

88

s ey TR (T VT n

1v-37
WIND DIRECTION TRAIL NO. B5O FLAMINGO
& UP TRAIL 25 FECRUARY 1956  15:43:00
A DOWN TRAIL HARP BARBADOS

s j LA l LA l v '

40 120 200 280
DIREC7ION (DEG)

160

e T T




TRAIL NO.
BARBADOS
UP TRAIL
. WIND WIND
ALTITUDE HEADING VELOCITY
(KM) {DEG) {M/S)
105.0 542 2446
10660 4547 2146
107.0 2645 2240
10840 0.8 2849
109.0 351e7 4460
110.0 34443 5041
111.0 33848 5063
112.0 30645 43,45
113,0 23046 5742
114.,0 21540 9.8
115.,0 21242 11249
11640 21048 130.,9
117.0 2095 147.0
11840 20643 151.4
119.0 20243 15448
12040 20043 15545
121.0 196.8 12340
122.0 19562 147.,6
123.0 19245 127.,6
12440 190.8 13062
12540 190.9 12645
12640 194,42 121.9
127.0 191.9 10643

“ '&)

S T T At AT RS bl WA e s Aoy e e, e e e Wt ot ot s o o

B51 BETA

19 SEPTEMBER 1966

V=38

20-55-09 AST

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E~W
1444 19,9
151 1545
19.7 9.8
2849 Oed
4346 -6e4
4842 -13.6
4649 -1842
25.9 ‘35.0
~3643 -44,42
‘7404 -5201
~95¢5 =602
=11245 =670
~127.9 =723
~135.7 ~67e2
=14343 -58,7
=14549 =538
=14645 ~4443
~14245 -38-.6
~13443 ~29¢7
~-127.9 ~2445
~12442 ~2349
-118.2 2949
~10440 =220

MAGNETIC
N-S E-W
101 2204
1146 18,2
173 13,6
2842 6e3
4440 246
5040 ~345
4946 ~8.3
3245 ~29,0
-2b6e6 -5007
-6243 ‘6601
-8le3 ~-7843
=96.5 ~8845
=11045 -96,.8
«~119.,2 ~9344
~12844 -8646
~131.9 ~8243
-13444 =73.1
~13147 -6647
~125,5 ~5644
-12003 "5000
~11648 =48,46
‘109.7 “53.3
‘9704 "4207

Jiga

A e S YN

. X S
I i

(3PN

i




MRS T A T DSt ey e kS ,
A
.-
A ' V-39
7. .
==
D%
E B TRAIL NO. B51 BETA
2By BARBADOS 19 SEPTEMBER 1966 20~55~09 AST
g DOWN TRAIL
SER WIND WIND WIND COMPONENTS (M/5)
R LLTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
R (KM) (DEG) (M/S) N~S E~W - N-5 E~W
] g 9440 3065 33,5 1949 ~2649 2449 2243
‘ 95,0 31648 652 4745 bl o b 55,6 ~34,0
§ 9600 33002 7546 656 =376 ?109 ~2345
: § 9700 34705 80.2 78.3 *17.4 8002 . ~101
b 98.0 0.6 8542 8542 049 83,2 1842
4RE 9940 116 8342 81e5 167 7664 32,9
SRA 100.,0 18,1 5446 51e9 1649 474 2741
: 101.9 3441 4743 3942 2646 33,0 3440
] 102.0 40.8 4740 35.6 3047 28.6 37.3
103,0 477 3543 2347 2641 1749 3044
Im 104,0 4843 3046 20¢4 22,9 15,3 2646
i 10540 5161 3046 1942 23,8 1440 27,2
\ 1060 4448 2846 2043 20,1 15.8 23,8
{ 10740 2647 3069 2746 13.9 2442 19.2
§ 108.0 2049 3448 32.5 1204 2943 1847
{ 109.0 35449 53,0 5248 467 5247 Gel
11000 34604 53.7 5202 “1206 5307 “107 3
11100 328.5 48,7 4106 ) ‘2505 45.9 ‘1605 e
112,0 283.9 2740 6e5 ~2642 11.7 ~24;3 %
s 113,0 22247 39,0 ~4247 ~4048 =33,5 4846 g
f 114.0 214.0 90.3 ‘7408 “5005 ‘6300 ‘6466 lg
3 11540 213.2 121.1 ~101e3 -6643 ~85¢7 ~8545 3
~ 11640 211.5 12649 ~10842 ~6643 9245 ~8649 g
[ 11740 29949 13743 <1190 ~68,5 ~10246 -91,2 3
3 118,0 20767 14540 ~128e¢4 ~6743 -112.1 ~92,0 ;
i 119.0 20545 15440 ~139,0 ~5643 ~12246 ~93,2 3
( 12040 20340 15841  ~145e5 ~6149  ~129.9 ~9042 K|
. 12140 2023 158.4 ~14645 ~60,1 ~131,2 -8846 )
3 1220 20045 15242 ~14246 ~53,2 ~128,.8 -81.1 -
4L 123.0 19741 1435 ~137¢2 4241 ~125,8 69,1 LS
1! 12440 195.8 13704 ~13242 ~37 04 -121.8 ~534¢5 %
¥ 12540 19442 131.4 ~127+4 ~32,3 ~118,2 -5745 .
2 12640 192.1 121.0 ~118,3 ~25.4 ~110.7 4849 - P
10 12740 19341 114,5 ~111.% -25,9 ~10349 ~48,0 -
12840 19044 11642 -114,3 -2049 10747 ~43,7 N |
g v
3 p ?
) BRY
; &
n
\ |
K -
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146
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138

¥ 134

130
126
122
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10
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9
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IV-40
WIND COMPONENTS TRAIL NO. B51 BETA
up DOWN 19 SEPTEMBER 1966  20:55:09 AST

N-~-3

E—w A H.AQR.P. BARBADOS

1 1 IR ) ¥ : B |
i | | | | ] i | |
pa—— ) -L ——
- e ‘™l
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=41

TRAIL NO. B51

19 SEPTEMBER 1966

H.AR.P.

BETA
20:55:09 AST

BARBADOS

146

126
122

1"
HEIGHT
k™) e

110
108
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N L
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I BT BTN T I

1

) 126
SPEED (m/s)

g
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WIND DIRECTION TRAIL NO, BS1 BETA
° UP 19 SEPTEMBER 1966  20:55:09 AST
A DOWN H.A.R.P. BARBADOS ]
T 1 ¥ T ] T T ;
i | ] l | [ i :
146 ¢ —— :
2 - _—
138 = —
134 p— —
130}— ] 3
asl- ® .
22— -
L a
15 -
HEIGHT |_ |
(k)
14— —l
- —
baos 'Y -
106 = -
-‘ ﬁ
102 }=— —
L .
3 gj 98 b / -
! - j -
' E ¢ 94 == f o :
z : \
b \’ pe
'
| ' - -
; 96— -
) ' i | | ! { ! 1 I 1 } i l 1
¢ 40 Ky{\ 40 120 200 280 ]

DIRECTION (deg)
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e L
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L Ao e san e i

T (T,

IO ——_y

T

cla

BARBADOS
UP TRAIL

WIND

ALTITUDE HEADIN
(KM) (DEG)
89.0 13842
90.0 13640
91.0 15644
9240 17846
93.0 2918
9440 316.4
95,0 33447
9640 34149
9740 34743
9840 35649

99.0 207
10040 343
101.0 38
i02.0 3579
103.0 Oel
10440 1048

105.,0 33640
106.0 317.0
1070 23945
108.0 21944
109.0 2108
110.0 2079
111.0 20649
112.0 20649
113.0 2079
114.,0 20748
115.,0 20843
11640 2081
117.0 23645
118,0 20348
119.0 20240
120.,0 199.7
121.,0 196+6
122.0 19242
12340 1863
12440 18047
125.0 173.0
12640 17146
127.0 1699
1284,0 18047
129.0 31446
130,0 33444
131,0 337.0
132.,0 335,0
133,0 34201

TRAIL NO.
19 SFPTEMB

WIND
G VELOCITY
(M/S)
521
6640
56e¢4
3867
3746
55.0
79.4
89.9
964
9345
93e1
8446
705
4446
2944
19,0
12.2
10.6
5549
108.0
130.8
147.3
1617
16848
175.9
172.1
170.9
16346
151.7
135.1
117.3
103,2
2.5
6340
Toe?
57.7
49,9
40.8
2443
11.8
760
20,4
31,1
3662
40,7

B52 GAMMA
ER 1966

V=43

22-24-06 AST

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-W
~38.8 3447
-4705 45.9
~51e7 2246
~38.7 0.9
1440 -34,9
39.8 =379
718 =33.9
8545 =279
94.0 -2101
9304 ’5.1
9340 bet
84¢4 448
7064 407
4446 ~1.7
294 0.0
18.7 3e6
1101 ‘409
707 '7.2
‘2803 -4802
~83e4 ~6846
-112+4 -6649
-130.2 -68,9
'14401 ‘7302
-15045 ~76632
~1554¢4 ~8Z2.3
-152.3 -8043
~15046 -8049
~lb44e4 ~7649
~-1354.7 ~6T7e7
-12346 ~54.6
‘10808 -4309
‘9702 —?4.8
~-8807 ~26:4
-81lel ~1766
~70e13 ~Te7
=577 =047
~4945 6.0
-4043 59
*2309 402
~11.8 -0.1
4.9 ‘500
1804 -808
2806 “1202
32.8 ~1543
387 ~12,5

MAGNETIC

N-$§ E-W
=450 2641
~5548 3543
~5562 11.6
‘3801 ‘7.0
2048 -31.3
4667 ~294,0
772 ~18,6
B89.4 -10.0
9643 ~1l46
9245 14,0
9042 2342
8le7 21.8
6840 1809
4440 Tek
2848 6.0
17.6 Te2
11.9 ~245
9.0 -5e5
-17.9 -5249
-67e7 -84,.1
=965 ~8843
~113e5 -93,.9
~12642 ~100.9
-131.9 ~10543
~135.4 -112,2
-132.8 -109.46
-13100 -10908
-125.8 ~10446
-119.1 -93.9
‘10909 “78.6
-97.6 ~6541
-88.1 ~53,8
-81.5 =435
~75.8 =33.7
~67e3 ~21.8
-556e4 =12.,4
‘4907 ‘402
-4007 ‘204
~2443 -0a7
=115 -2.5
548 =349
19.8 -449
3045 ~6,1
35,2 -343
4044 ~b ok
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1V-44

TRAIL NO. B52 GAMMA

BARBADOS 19 SEPTEMBER 1966 22-24~-06 AST
DOWN TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

(KM) (DEG) (M/S) N-S E-W N-S§ E-W
10700 22303 132.1 =962 -90e6 ”7508 '108.3
10840 2177 156449 ~12246 ~9448 ~10048 -117.7
10900 21400 16149 ~13443 =905 “11301 '115u9
110.0 21006 16843 ~1444.8 ‘8507 ~124 44 ‘113.3
111.0 20845 171.7 ~15049 ~81.8 -131,1 -11067
112.0 2076 17247 -153.8 ~-80.2 -13443 -109.8
113.0 20802 16709 “14800 “79.3 ’12808 -10707
114.,0 20746 15844 -14044 =733 ~12246 -100.3
115.,0 206e4 149,.8 =13441 =666 ~-117.8 ~92,45
116.0 203.1 138.8 =12747 ~5b el ~11440 =-79.2
117.0 20049 129.1 ~-120.6 ~4640 ~10847 -6945
11860 198.1 119.1 -113.2 ~3649 ~10343 -59,.1
11900 19543 10646 -1028 ‘2801 ~9449 ‘480Q
120.0 19340 S4els -92.0 =21.2 —8548 =394%
121.0 18743 82.8 -82.1 -1046 ~7842 =27.1
122.0 183.0 713 ~T71e2 ~3e7 ~6940 -18¢1
123.0 17645 6lels ~61e3 3.8 “6008 “8.7
124,0 1741 47.9 “~4Te7 540 “4Te? =448
12540 170.2 3901 =38.5 6e7 -39.1 ~1e3
12640 1753 2443 =242 240 ~2441 -3,0
127.0 17843 1602 ~1542 05 -1640 ~248
12800 20408 697 -6el -208 ‘504 ‘400
12900 3C4e3 12.8 Te2 ~1046 902 “8.9
130,0 31867 284 1960 -1647 22.0 ~1245
131.0 32267 46.2 3648 ~2840 4167 -19,9
13260 32246 T2e6 57«7 =441 655 -31.5
13300 32343 Tbe4 61e2 ~4547 6902 -3203
1340 32607 9343 7860 -51.2 8648 -34,43
135.,0 3294 95,0 8l.8 -48e4 8909 ‘30.8
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WIND COMPONENTS TRAIL NO, B52 GAMMA

UP  DOJWN 19 SEPTEMBER 1966  22:24:06 AST
N-S o A ‘
E..w ® A H.AQR'P. BARBADOS

146
142
138
134
130
126
122

118
HEIGHT

k
km) g

1o
106
102

88

84

90

86

i ' i l 1 |

~120 - 80 -4 0 40 80 120
SPEED (m/s)
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P Ty S e e N e
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IV-46

WIND SPEED TRAIL NO. B52 GAMMA

e UP
19 SEPTEMBER 1366  22:24:06 AST

A DOWN
H.A.R.P. BARBADOS

—1ilrl|rrrq

146 p— —

LYY o —

138 p— —

! 134

130

126

S

122

118
HEIGHT
km) 1

110
108

! 102

84—

R Voot o

3
1

86 p—

0 8 120 160
SPEED (m/s)
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e
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146
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138

134

130

126

122

118

HEIGHT |_

(km)
14

110
106
102
88
84
v

86

St e <t e

V=47

WIND DIRECTION TRAIL NO. B 52 GAMMA
° up 19 SEPTEMBER 1966  22:24:06 AST
& DOWN

H.A.R.P. BARBADOS

[TTIT'T"I

1

o

v
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# ‘ 1V-48 §
3 ﬁ '
‘ﬁ ,71
] i
t
T TRAIL NOe. B53 DELTA
#; BARBADOS 20 SEPTEMBER 1966 00-10-00 AST
‘ UP TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GENGRAPHIC MAGNETIC
{KM) (DEG) (M/S) N-$S E-VW N-S E-W
91.0 19747 4143 -36.3 -1246 -3549 '20.3
92.0 21442 37.8 -31.3 =212 -2643 -27.1
93.0 2993 2342 113 =202 1562 =17,5
N 9400 33502 4304 3904 '1802 4203 “908
i 9540 3592 6242 €242 -0,9 6le1 11,.8
; 9640 1943 6446 60.9 21e4 5543 3343
[‘ 9740 2847 6840 5946 227 51e7 44,1
9840 3543 61.7 50e4 3546 42,1 45,1
N 99,0 4465 4448 3149 314 2409 3702
1 100,0 695 2440 8ot 224 3.7 2346
101,0 1714 5347 =531 8.0 -5346 -3.0
102.0 1775 7249 ~T72.9 2,1 ~7240 -11,8
i 103.,0 17849 7840 ~77.8 5eb ~7743 -10,3
10440 17447 86e¢7 -86¢4 860 -8642 -9.7
105,90 1773 90.7 ~90.46 443 -89.6 ~14.2
10640 196.1 108.8 -10446 -30.1 -9643 =507
107.0 21642 11449 -9247 -6748 =770 ~8542
108.0 2295 93.1 =605 ~-7048 ~4449 -81e6 :
109.0 23249 96,1 ~5840 ~T7646 -41e2 ~8648 q
110.0 23443 8747 =-51.2 ~71.2 -3547 ~80.1
111.0 23443 757 -4442 -6145 -30.8 ~69.2
11260 24043 $3.8 ~2646 ~45e7 ~1646 =5141
113,0 24042 44,0 =218 -38,.1 ~1346 ~4147
114.0 24141 377 ~18,.2 -33.0 “1101 =-36.0
11500 24902 2708 '909 ”26.0 ~4e4 ‘2705
11600 268.4 19,9 ’006 ~19.9 355 -1906
11700 2873 18.8 546 -1800 9.1 ‘16.5
11860 29749 1661 Te5 ~1442 1062 ~-12.4
119.0 336.1 18.3 167 ~Teb 1749 -3.9
120.0 35940 20,0 2040 ~0.3 1946 348
121.0 35060 28e4 2749 -4.9 2843 0.9
| 122.0 25240 2649 2646 -3e7 2648 1.8
F
{
b

R e = iom

e
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TRAIL NOes BS3 DELTA
BARBADOS 20 SEPTEMBER 1966 00-10-00 AST
DOWN TRAIL
WIND WIND WIND COMPONENTS (M/.)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MA
(KM) {DEG) (M/8) N-S E-w N-&
10660 1937 111,2 ~108.1 ~2643 ~=100=
10700 218.1 116.7 -91.9 =720 -75 %
108.0 22901 9303 ‘6101 '7005 ”4505
109.0 23061 83.4 ~5345 ~66,40) -39.4
110.0 23543 T6e7 =4346 =63,1 =299
111.0 24007 677 =33.1 -59.1 ~20e4
11290 24462 573 =2540 ~51e6 =140
113.0 248a1 4663 =173 ~43,0 ~Be2
3 11440 25546 3501 -807 ~3440 ~le¢6
i 115e0 26846 26.4 ‘006 ‘2604 408
' 11640 28647 2149 643 -21.0 1044
117.0 30049 23,8 12.3 =205 1662
11840 31941 2345 1747 ~15e4 205
3 119,90 327 ¢4 2443 2045 -13,1 2247
E 120.0 331e1 2744 2400 ~13,2 2642
/ 121.0 8+2 23.4 232 3.3 2240
122.,0 35545 3649 36.8 -2¢9 3646

IV-49

R Y U R —

j
X]

NETIC

E-w
‘Q7o7
“5942
”8104
"'73.5
‘7006
‘64.6
-55,6
‘45.6
‘3501
=2640
~-19.,3
~1746
”1105
~8e7
~840
Te9
4eb

G i Vi
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V=50
WIND COMPONENTS TRAIL NO. B53 DELTA
UP  DOWN 20 SEPTEMBER 1966 00:10:00 AST
N-S o A
H.A.R.P, BARBADOS
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1V-52

WIND DIRECTION TRAIL NO. B53 DELTA
* UF 20 SEPTEMBER 1966  00:10:00 AST
» DOWN
H.A.R.P. BARBADOS
i I ] T I ] ' T l T l T I T
146 b— ' —
142 b— —
‘38_— . —
134 }— —
130 — —_
- -
126 f— -
122}+— -
naL—- _
HEIGHT | ]
(km)
114}~ —
Hop— —
106 p— —
e -
102 }— ol
i -
a1~ —
Np— —
i S — —
{ 86—
i L_ -
1 l 1 ' i l 1 I | l 1 ' 3 l 1
240 - 320 40 120 200 280 0
DIRECTION (deg)
| )




N

BARBADOS
UP TRAIL

WIND

ALTITUDE HEADIN
(KM) (DEG)
90.0 10645
91.0 34147
92.0 35246

93,0 003
9440 1544
95,0 2843
9640 33.2
97.0 33.2
98.0 6le4

99.0 1463
10040 17043
101.0 17445
102.0 1779
103.0 18740
104.0 18441
105.0 20044
10660 24549
1070 27461
10840 289.8
10940 29441

V=53

TRAIL NOe B54 EPSILON
20 SEPTEMBER 1966

WIND
G VELOCITY
(M/S)
1045
2848
4542
6444
7549
81.3
8649
82,2
5044
5143
98.9
99.C
99¢2
80.5
6943
44,46
41,1
50.7
6649
8648

02-24<00 AST

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-w
=340 10.1
274 -9¢0
4448 =548
64l 0.3
732 20.1
T7ie6 38.5
T2¢7 4746
68+8 4540
2401 4442
=427 2845
97,58 1647
~9846 95
=99.1 346
-79¢9 -9+8
~69.2 ~5e0
~4]1e8 =155
=1443 ~3844
306 ‘50.6
2206 -6249
354 ‘7902

MAGNETIC
N-S bW
-540 9.3
2847 =362
45,0 3e4
63.0 13.4
67.6 3446
62,3 %5242
6145 61le4
5842 58,0
1446 4842
*4706 1902
«9849 =345
-9845 '1007
~9748 =166
-7642 ~25.8
-66e¢7 ~19.0
~37.8 -23,7
=647 =4046
1308 ‘4808
3449 =570
5007 “7C04
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; ' RAIL NO. BS54 EPSILON
; WiNG CuME LNENI
| UE 20 SEPTEMBER 1966  01:23:00 AST
5 N-S o H.A.R.P. B
| o . .A.R.P. BARBADOS
‘ T l T [ T ] T T ] T ‘ 7 l
156 p— <+ ]
142}~ T T
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| L E=
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V=55
TRAIL NO.
WIND SPEED 0. 854 EPSILON

o (P 20 SEPTEMBER 1966  01:23:00 AST

H.A.R.P. BARBADOS
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lo IV.56
o
5 TRAIL NO. 854 EPSILON
5 | WIND DIRECTION
% o UP 20 SEPTEMBER 1966  01:23:0C AST
B H.A.R.P. BARBADOS
| l 1 ! I l ‘ ¥ I i I T l T
46— —
42— —
13— —
134 }— —
130 p— —
126 }~- —
- -
122~ o
- ~—
HEIGHT i
(km)
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V=57 :
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!
¥
§
TRAIL NO. B55 2ETA
BARBADOS 20 SEPTEMBER 1966 02~24-00 AST
UP TRAIL t
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC. MAGNETIC
{KM) (DEG} (M/S) N~S E-W N~S E-W
89.0 31446 4546 3148 -3243 3747 ~2542
90.0 339.0 40.2 3746 ~l444 30,7 -645
91,0 34845 612 5040 -12.1 612 0e3
92,0 35806 82.3 8243 -240 31.0 14,8
93,0 549 90,1 8947 943 859 2743
9440 2446 8642 78¢4 3549 6945 5161
9540 349 767 6249 43,9 5247 55,8
9640 601 55,3 2745 4749 1742 5245
97.0 9345 6448 =349 64 e6 ~1649 625
98.0 12347 642 ~35,7 5344 ~45.8 45,0
9940 13842 576 ~4249 38,4 -49.8 2549
: 10040 15946 8346 ~7843 2941 ~8246 126
10100 16609 100.3 “9707 2208 -10003 205
E 1020  171e7 9540 ~9440 13,7 ~94 .8 ~547
103,0 1731 7540 -T7405 940 ~T7448 -6e3
10440 17443 6344 -6341 6e3 ~6301 ~6e6
1050 197.0 2645 ~2543 ~Te7 ~23,2 -12.7
10600 26204 2905 -3.Q “2903 2.1 ’2905
107.0 29546 5545 2440 ~50,1 33,7 ~4l 42
108,0 30849 6640 4le ~51¢4 5140 -4149
10900 31902 76.3 5708 ‘4908 66,7 ”3700
A 110.0 32645 871 7246 ~4841 8049 ~32,3
i 111.0 33300 9548 853 4345 92 ¢4 -25,3 :
; 112,0 23645 10545 9647 -42,1 10342 ~2106
113,0 337.8 1102 10241 ~4146 108 ¢4 ~2060 i
11440 34249 11042 10544 -32e4 109.8 ~10.3 W
; 115.0 34646 8667 8443 ~2042 8666 =247 1
‘ B
| I
| :
E ] H
‘Q
] i
| ;

mﬁ_{w — #@
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SEEGET T W
T

LW

e

TN, PR

oot o = AR =

S

TRAIL NOe.
BARBADOS
DOWN TRAIL

WIND WIND
ALTITUDE HE/DING VELOCITY
(KM) (DEG) {M/5)
92.0 Te2 9365
93.0 1761 93.0
9440 256 98,7
9540 628 6167
9640 1244 7067
97.0 127.2 6943
98.0 143.8 7267
99,0 1623 88.9
100.0 1728 91.8
101.0 17502 7967
10240 1710 6245
10360 19349 30.8
10440 26148 3061
105,C 29043 5040
10640 29048 5447
107.0 30748 The?
108.0 31440 T6e8
109.0 32046 81.7
110,0 32849 88,0
111.0 33745 10045
112.0 34162 8649
113.0 34442 8545
11440 34342 796
115.0 33147 172

B55 ZETA

20 SEPTEMBER 1966

1v-58

02-24-00 AST

GEOGRAPHIC

N-S E-W
9247 117
88.9 2764
89.0 4246
2302 5449
-39.9 58e4
-4149 5542
-58e6 4340
~84.6 27.1
-9100 1106
-7%.4 667
'6107 9.8
=299 ~Tok
~he3 -29.8
2008 ~56e3
194 -51,1
454 ~5846
53¢4 -55e3
63.1 ~51.9
7503 ‘4504
9208 -3804
8243 -28.1
B2+3 =232
T6e2 -2340
6709 ~3646

WIND COMPONENTS (M/S)

MAGNETIC

N=-S E-W
884 3043
81'5 4409
7845 59,8
1645 5945
”50.9 4001
~52e2 45,5
—6601 3002
~8843 Setx
"91.5 -7.1
~79%.1 -9.6
"6204 "'209
~2T7.8 -13,3
1.8 ‘3001
31.8 ~50.9
2944 4641
5604 ~48,2
6305 “43.3
7243 -38,0
8300 -29.2
9807 “18.7
86.3 —1008
8543 -6.0
7943 ~740
7249 -22.0
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WIND SPEED
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18
HEIGHT
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IV-60
TRAIL NO. BS55 ZETA
20 SEPTEMBER 1966
H.A.R.P. BARBADOS
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SPEED (m/s)

160

e et Mt i aeeee

e




i

WIND DIRECTION

e UP
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1V-61

TRAIL NO, B55

20 SEPTEMBER 1966

e e e ~remcapre s+ = =
£

ZETA

02:24:00 AST

H.A.R.P. -BARBADOS

146

142

138

134

130

126

122

18
HEIGHT

(km)
14

1o

106

102
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84
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TRAIL NO. B56 ETA 4
BARBADOS 20 SEPTEMBER 1966 02-24-00 AST
UP TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) {DEG) (M/S) N-S E-W N-§ E-W
88.0 697 10e4 3.6 Se7 le6 1042
89.0 99.8 53 =049 5e2 -1.9 4.9
2040 345 603 6042 367 5842 15,9
91.0 10,1 70.3 69.3 1243 6544 2641
92.0 1340 B83.8 Ble6 18.9 7661 35,1
93.0 17s4 98.3 9348 29.4 8569 47,8
9460 298 84,9 7347 42,2 6346 5643
950 25 6643 4044 5246 2849 5967
9640 7045 7256 2443 684 9.9 71.9 {
97.0 9303 729 =441 T28 ~18.8 70.4 -
98,0 12843 8le.8 -50.7 6442 -62e¢7 5206
99.0 1434 8743 ~70.0 521 ~-T91 36,8
100.0 1421 103,1 ~8le4 6343 =026 4544
10100 140.8 109.8 -85.1 69¢4 =97 ¢4 50»7
102.0 14509 10644 ~88.1 5947 =984 40,6
10300 16204 7360 ‘6906 220C ‘72.6 704
10440 19643 35.9 =34,5 -10.1 -31.7 -16,9
105.0 26143 38.8 =549 ~3843 240 -3847
10600 28305 539 1246 =528 2249 -48,7
107.0 301.3 67e1 3469 =573 4548 ‘49.0
10800 3191 8040 60.4 -5204 69.8 ‘39.0
109.0 3284 9147 78.1 =481 8602 -31,.2
110.0 33345 97,1 86.9 =43,2 93.9 ~24,6
111.0 34041 962 9044 -32.,8 9542 ~13.8 '
112.0 34548 93,1 9042 =229 93,0 -441
i13.0 352.1 8865 8746 -12.1 88.2 5.9
114=0 358:0 9054 9093 ‘392 8991 1592
11560 S5el 89.2 88.8 8ot 8542 2643 !
11640 113 87¢4 85.8 17.1 8045 3442 i
11740 15.8 89.7 8be3 2404 795 4144
118.,0 2040 90.3 84,8 30.9 768 4745
11940 2245 8947 82.9 3443 T4e2 50.4
12060 2249 90.0 82.9 3540 7401 5l.1
121.0 213 9149 8547 3344 77.1 5041
12260 168 10046 9643 291 88e4 48,1 ;
123.0 215 915 8562 33.5 7646 50.1 :
12440 l4e3 116.1 112.5 287 10443 51,0 1
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TRAIL NO. B56 ETA

20 SEPTEMBER 1966 03:18:00 AST

H.A.R.P. BARBADOS
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WIND SPEED
s UP

Iv-64

TRAIL NO. BS56

20 SEPTEMBER 1966

H.A.R.P. BARBADOS
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s UP

1V-65
TRAIL NO. 356

20 SEPTEMBER 1966

ETA
03:18:00 AST

H.A.R.P. RARBADOS
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|
1 TRAIL NOo BS7 THETA
L BARBADOS 20 SEPTEMBER 1966 02-24-00 AST
i UP TRAIL
:% WIND WIND WIND COMPONENTS (M/S)
! ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
» (KM} (DEG) (M/S) N-S E-W N-S E-W \
3 87.0 39.7 2443 1847 1545 1562 19,0 |
§ 3840 23940 249 ~145 245 ~1,0 -2,8
1 89,0 33801 2245 20.8 -Belt 22e1 44,0
| 900 3e3 4342 4342 245 41.8 112
¢ 9140 35840 711 71.1 =245 7001 12,0
t 9240 6eb 83,9 8343 946 7945 2643
‘ 9340 2C.1 9245 8649 2148 7846 48,8
i 9440 51e7 7343 4545 5745 3249 6545
b 9540 69 ¢4 759 2647 710 11e7 7449
i 96.0 8@01 8000 8.2 7906 ~8¢1 79.6
9740 1060 8448 =233 81e5 -3944 7541
g 9840 1280 8747 ~5440 6941 6649 5647
s 9940 137.9 9745 =723 654 84,1 4944 |
16040 14742 1112 -93.5 6042 -105.8 4040
10140 15540 10742 9742 4542 1044 24,5
t‘ 10240 15841 6446 -60e0 26,1 -6346 1144
¢ 10340 16504 44472 ~4249 11.1 ~4443 242
10440 19440 33,1 -32.1 ~340 ~29.8 1444
10540 243 ¢6 35,2 ~1547 -31.5 ~9.0 ~34 40
10640 29049 4045 1445 =378 2149 ~3441
3 10740 3183 68.7 5142 -45,7 59 ¢l “3443
ﬁ 10840 32540 82e4s 6Tl ~4743 7546 -32,6
} 10900 33301 91.5 81-6 ‘4105 8803 ’24.1
; 11040 34044 9342 8748 ~3143 9243 -12.8
! 111.0 34843 94,1 9242 -19.1 9442 040
11240 35741 93,8 93,7 -4 48 0247 1443
e 113.0 449 4.7 9443 851 9047 27,1
t 11440 1067 95,1 9344 1706 8749 3642
B 115.0  16s9 9548 9244 2446 8545 4249
f‘ "16.0 1609 98.2 9400 2805 3603 47.0
f 11740 166 16247 9804 2943 904 4847
¥ 118.0 1745 10441 9943 3143 9049 5048
i 119.0 1644 11447 11040 3244 1011 5441
'; 12040 1549 139,2 133.8 3842 12343 646
, 12140 1549 141.1 13547 3846 12540 65 ¢4
: 12240 21e7 121.7 113.0 4541 1015 671
Lo 123,0 2943 8446 7348 414 6349 5545
{ 124.0 4164 522 3962 3465 3164 41,7 :
=3 1250 6340 3360 150 294 Be7 31,8
! 12640 1064 343 -7l 2443 -11.9 2244
12740 14163 3040 2354 1848 ~2647 13,7
: -




o i S et S i et e

TRAIL NO.
BARBADOS
DOWN TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY
tKM) (DEG) (M/73%)
89.0 35140 554
9040 O0e7 6341
S1.0 204 6648
92:0 1248 87.1
93.0 251 93.6
94,0 3947 B2,5
9540 7943 T2e4
9640 30e5 8449
97.0 10949 90.9
9840 13449 91.8
99,0 14248 105.,6
100.0 15647 1143
101.0 15845 94.9
102.0 15842 7140
10340 18046 4043
10440 24140 4142
105.0 25647 3769
106.0 29044 4let
107.0 31943 7265
108.0 33048 88.4
10900 33604 9209
11040 342.1 94,8
111.0 34845 9540
112.0 35841 9445
113.0 502 98.7
11440 12.1 9648
115.0 169 96.7
116.0 19.2 102.2
117.0 224 103.5
118,.,0 2407 109.9
119.0 2449 117.2
12040 251 12440
121.0 2640 12840
12260 31.0 776
123.0 3944 60.0
124,0 51e6 4540
125.,0 98e4 2846
12640 11948 30.8

B57 THETA

20 SEPTEMBER 1966

V=67

02-24-00 AST

e o amm o Mo s o owae & e

WIND COMPONENTS (M/S)

GEOGRAPHIC

N-S E-W
547 ~8e¢6
63.1 0.8
667 28
850 19,3
8448 39.8
6345 527
134 71,1
=0.7 84,9
=31.0 8545
=648 650
~84.1 63.9
-105.0 4542
-8843 34,8
~6549 2644
=403 -0l
~2040 =36.0
=847 -36.°
1404 -3808
5449 ~4743
7702 -43.2
8501 -3703
90e2 =221
93.1 -1849
9404 '3.1
9843 9.0
9447 20.3
9245 28,1
96¢5 33.6
9547 394
99.9 4640
10663 49,3
11243 5246
11540 5642
665 4060
463 38.1
2840 3543
~%e2 2843
-15:3 2607

MAGNETIC

N-$ E-W
5543 27
6146 13,6
64e7 1543
793 3642
T4e9 562
515 6445
~1e3 723
-17¢9 8300
=477 TTale
~76¢7 5045
-9543 45,5
~112.0 2249
=9345 16,1
~69.9 12.5
~394¢4 ~8e6
~1243 -39,3
~140 ~37.9
2240 ~35,1
83s4 -~30 42
8404 2666
90,9 -~19¢2
9%e2 =10e2
9540 O~4
9361 16,1
9444 2848
8816 39.1
84.9 463
877 5245
85:7 58,0
88e¢5 65,03
941 9.9
9943 The3
1012 784
570 527
3T7e6 AbGe7
20¢2 403
-949 2649
«20eh 23.0
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WIND COMPONENTS TRAIL NO. B57 THETA
ue DOWN 20 SEPTEMBER 1966  04:03:00 AST
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WIND SPEED TRAIL NO. BS7
¢ UP 20 SEPTEMBER 1966
A DOWN

146
142
131
134
130
126
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118
HEIGHT
(km) ™
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Iv-69

THETA

04:03:00 AST
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WIND DIRECTION

* UP

A DOWN

1V=70

TRAIL NO. BS7 THETA
20 SEPTEMBER 1966  04:03:00 AST

H.A.R.P. BARBADOS
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BARBADOS 20 SEPTEMBER 1966

v-71

TRAIL ND. B58 IOTA
02-24-00 AST

UP TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) {DEG) {M/S) N-S E-% N-S E-W
8640 33643 3664 334 -14.7 35,7 ~T+6
87.0 33448 4005 3606 =1742 3943 -%.4
8840 34162 45.Q 4345 ~14,.8 4546 "507
89.0 35645 50e5 50e4 -3.1 500 Te2
9040 35740 5540 5449 -2.8 5443 Beb
91,0 1042 63,0 620 11.2 58e4 2346
92.0 1044 7047 696 127 6546 2646
93,0 4046 6246 475 4047 3862 4945
9440 679 71.0 2648 65.8 12,9 6949
9540 82.1 7866 1067 7749 ~543 78e4
96,0 9848 8240 =125 8l1.0 -2847 7648
97.0 122.9 10106 '5502 8542 -71.4 7202
98,0 131.0 122.8 -80.5 9247 =977 Thels
9900 13701 135.0 -9809 9200 “115.5 7000
1000 14045 139,0 ~107.3 88.4 ~123,0 6448
101.0 144.6 125.4 -102.2 7207 -114,.8 5044
10200 1&900 75 4 -6446 38.9 -7102 2500
103.0 122.9 3169 =173 2648 =22+4 2267
10440 1026 17.8 ~3.8 174 =743 1643
10540 35003 1l1.5 1le4 ~1e9 11.5 Oe5
10600 34202 33.6 3200 “1003 33.4 "306
10740 35446 53.0 5248 =560 5247 Le8
108.0 Teb BJe.6 80,0 1063 7642 2643
109.0 20e¢4 9663 9042 3345 81,5 5161
110,0 29.1 94,42 8243 45.8 713 6146
111.0 3240 94,9 80,5 5063 6846 6546
11240 3448 94_.6 777 5440 6561 6867
113.0 3362 105.6 88e¢4 57.8 7448 746
114.0 2746 1268 112:4 58.7 98,1 80«3
1150 2242 139,90 12847 5246 1153 T7e6
11640 18e4 154,2 14643 4845 133.4 7762
117.0 19.2 161.8 15249 5341 138.9 83.1
118.0 2062 171.0 16045 £9.1 145.1 9065
119490 2446 155.,6 14145 6467 12544 92,1
120.0 3440 123,.6 102.4 69.1 8642 88.5
121.0 4348 10045 7246 6945 570 8248
122.9 5046 7942 50462 61.2 3667 7061
12340 63.0 5466 2448 4847 1444 52¢7
124,0 10449 28,0 -T7e2 2740 ~124¢5 250
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IV-72
TRAIL NC. BS8 IOTA
WIND COMPONENTS .
UP 20 SEPTEMBER 1966  (04:46:00 AST
N-$§ H.A.R.P. BARBADOS
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—
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P
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-120 - 80 -40 0 'H) 80 120

SPEED (m/s)
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Iv.73

TRAI .
WIND SPEED L NO. B58 IOTA
e UP 20 SEPTEMBER 1966 04:46:00 AST
H.A.R.P. BARBADOS
T T T T | V
146 p— -
e “
142 }— =
- -
138 -
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-~ -
130 p— -
126 b~ -
122 b= -
18 = =
HEIGHT L. -
*m) el .
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F d
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84 p— h
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SPEED (m/s)




WIND DIRECTION

W-74

TRAIL NO. B58 I0TA

20 SEFTEMBER 1966  04:46:00 AST

o UP
H.A.R.P. BARBADOS
T ‘ T I 1 ‘ | [ T l | l T ‘ T
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TRAIL NO. B59 BELFAST
BARBADOS 15 FEBRUARY 1967 22-45-00 AST
UP TRAIL '
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) (DEG) (M/S) N-S E-W N-S E-w
89,0 295e4 20.8 8.9 "1808 1205 =16.,6
90.0 27464 375 2.9 =37e4 104 -36.,0
91.0 25940 61.3 = le7 =602 0.8 -61,.3
92.90 24449 48,8 ‘2007 4442 ~-11.3 ~4745
93,0 23743 43,6 =236 =367 ~1547 ~4067
9440 23748 4242 =2205 =357 ~1448 -39.5
95,0 24545 4346 -18.1 -3946 947 ~-4245
9640 25843 3746 =Teb ~3648 0.0 =37.6
97.0 27043 36.1 0.2 ~36e1 Te5 ~35,3
9840 2787 32,8 5e1 -33e¢¢4 11.8 ~31.7
99,0 28145 3543 Te0 =344¢% 13.9 ~32e4
10640 28545 3744 10.0 ~3640 17.1 ~33,.2
10100 29106 3631 1303 ‘3306 19.8 ‘3002
102.0 30047 3764 19.1 ~32e2 2542 =276
1“300 32102 49,6 3806 —3101 4#01 “22.6
104,0 34445 4246 41,1 -11.4 4246 -248
1”5.0 34308 31.4 3002 “807 3103 "2.4
10640 31743 32.8 2441 -2242 2841 -16,.8
1n7,0 32146 44,8 3561 =279 4040 ~2042
iNR,0 33841 39,0 3642 ~1445 3844 -648
109,0 3e2 42.9 4248 2¢4 414 11,0
11540 4549 44,46 31.0 3240 2349 37.6
111.0 871 5769 2.0 5749 ~B848 5743
112.0 99.9 775 ~i3e4 7687 -2847 7244
11300 10603 96.3 "2701 9204 "‘4503 85.0
114,0 10844 111.3 ~35.1 10546 ~5548 9643
115.0 112.3 117.1 ~4445 10844 ~6546 97.1
i1%4.0 112.4 121,.9 ~46e4 112.7 -68,43 160.9
117.0 11543 118.8 ~5048 107.5 -T1l.6 94 .9
118.,0 12347 1130 ~62e7 @400 °QQ.5 7993
119,0 12249 121,45 -6640 102,0 -8%,3 8545
120.,0 12240 13045 ~69.2 11067 =80.2 94,43
121.0 1220 137.,5 ~72e¢9 11646 -95,.1 994
122.0 12547 139,.,9 ~81le7 11345 =103.1 94,5
123.,0 1290 143,0 ~90.0 111.2 ~11047 9046
bt oA
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B4RBADOS
DOWN TRAIL

WIND

ALTITUDE HEADIN
(KM) (DEG)
88,0 6343
8940 28246
90,0 27442
9160 26940
92.0 25342
93.0 23946
9440 24043
9540 24246
9640 26040

97,0 27166

9840 28045
99,0 28240
100.0 2877
101.0 29848
102.0 30849
102,0 32240
104,40 3361
10540 33549
1060 303247
107.0 30449
10840 32649
109.0 3571

110.0 39.9
111.0 B6eb
112,0 978

113.0 10649
114,0 10846
11540 11%-3
11640 11446
117.0 11448

[N ‘)

TRAIL NO.
15 FEBRUAR

WIND
G VELOCITY
(M/S)
12.8
3640
39,9
3042
2344
4261
4146
3749
4045
40,0
3844
4248
4347
4441
54.8
6leb
5062
32.1
35.0
4344
4847
4345
37.7
6346
T7¢4
9546
112.4
119.1
12340
12642

v~76

B59 BELFAST

T A A Ao TN i e W W s i i i v Srmn St o e e e AR = St = %o e

22-45-00 AST

WIND COMPONENTS (M/S)

Y 1967
GEOGRAPHIC

N-S§ E-W
5.7 1144
8.5 '3500
209 -3908
-0e5 -30.1
~648 =224
=21.3 ~3643
=2066 =362
=1705 =3347
=70 <39,9
l.1 =39,9
Te0 ~37.8
809 ’4108
13,2 ~4146
213 ~38.7
3404 ’4236
49.1 -3649
4549 =-20e4
293 -13.1
1904 -2901
249 -35.6
4068 =26e6
4302 ‘502
2859 2442
37 6345
“1005 7607
-27+8 91.5
=3640 1065
=5049 10767
=51e2 111.9
~5249 11446

MAGNETIC

N=-S E-W
343 12,3
1504 -32.5
1049 -38.4
536 '29.6
“201 “23.3
“13.5 -3909
~12.8 =39,6
~1043 ~3646
1.3 ~40e5
902 “38&8
14,5 =35.6
1702 -39.1
2145 -38.0
2847 -33,.6
42.3 ~34,7
5546 -2642
4941 =107
3144 ‘6.9
2449 =2446
31.6 ~29.8
45.4 -1708
4304 347
2344 2946
-9.3 62,49
-2549 7340
-45.8 8349
=569 9740
~71.7 9541
=729, 9642
=751 101.5




- T
‘ \
i =77
p
’ WIND COMPONENTS TRAIL NO. BS9  BELFAST
UP  DOWN 15 PEBRUARY 1967 21:17:00 AST
;v N-S o A
: |
{
| T | ] ¥ | Y T ! I ! |
s ‘ | l 1 ! I | -
146 ~ e —
142 — -t —
pu e -

138 p— -t —
oy -~ 4 4 |
; ) 134 = - —_
7 120 p— 4 —

3 N T =
L 126 1— -+ —
N ! = - -~
[ S 22— ~ |
3 o d
A 118 — |
: HEIGHT [ ;
kmj .
. L 4
3 - -

106 |~ -
E 3_: 102 pme= —_ i:
1 = - 3

i 9 f— ~
: 9 ~
= -1 "
90 - -t
i l | ] ' ! i ‘1
-120 80 120 y
B SPEED (m/s) &
” ” M e




e s e m

7’
[ AV S
s

e et e

IV-78
WIND SPEED TRAIL NO. BS9 BELFAST
s UP 15 FEBRUARY 1967 21:17:00 AST
A DOWN H.A.R.P. BARBADOS
| l | ! | l | r 1
146 - —
12 |- —
138 ¢— —
134f— —
130 }— -
126 b= -
122 | —
18 p ' ‘ —
HEIGHT L : -
™ |- —~
11'] S —
106 p— -1
B n
102 P —
P -
o A
98t —
] ‘ L
84 -
gn faanary Akmesy
8- —
g I \ 1 {
an 1] 120 160

SPEED (m/s)




-
A
{
: V=79
{ WIND DIRECTION TRATL NC, BSY BELFAST
* up 15 FEBRUARY 1967  21:17:00 AST
A DOWN
H.A.R.P. BARBADOS
Y T T T T I
L L L B B B B p
U6 b~ o
u2}-- —
= -
138 }— —
3 L L
Ty - -
r 130 po— —
126 —
| _ R
122 p— ——
5 259 -y
3 18 —
3 HEIGHT |_
F (km) 7
14 p— —
r ——
= W b
; 106 {— _
3 e hay
Ni— —
30 — —
8 p— —
3 i l 1 l 1 j o e .
80 1] 40 320 40 120 200
DIRECTION (deg) |




paie ¢

i
r re—

ki

il e 660 CORK

1v-80

BARBADQS 15 FEBRUARY 1967 22-45-00 AST
UP TRAIL
WIND WIND WIND COMPONENTS
ALTITUDE HEADING VELOCITY GEOGRAPHIC
(KM) (DEG) {M/3) N=-$S E-W
89.0 357.8 12.1 1261 =045
90,0 843 1642 160 2.3
9100 32500 4203 34,6 -2402
92.,0 32643 6549 5448 <365
9300 327-0 6844 57¢13 =372
9400 32107 63«6 4909 '39.4
95.0 315.,3 57.9 4102 -4007
9€.0 30500 44,9 2507 ~3647
9700 30343 4544 2449 -3800
9800 307.0 500° 3006 "4006
9900 31000 5542 3506 ~4244
100.0 31707 57.2 4243 ‘3806
101.0 32047 63,1 4848 -40,0

(M/S)
MAGNETIC
N-S E-W
1149 2,0
1562 55
3848 ~1647
6101 ~2446
637 ~2448
5649 ~2844
4806 -31.5
3266 -30.7
3201 -3201
38.2 ‘33.5
4305 ‘34.3
4943 -29.2
5569 =29,3

\
2 ke .
v v TR 2 et A



el & o -

TR PRy

i BVPTTG 15§

SPEED (m/s)

LY
4
IV=-81
TRAIL NO. B60 CORK
WIND CS:PONENTS 15 FEBRUARY 1967  22:45:00 AST
N=-S§ R H+A.R.P. BARBADOS
E-W o
~T ' v U
146 p— + o
142 - + o
o e o A
,3’ b o L -
P T N
194 p— -+ T
130 b + ]
126 b T+ ]
- J- -
122 p— ' T ]
18— + ]
HEIGHT L + T
k
( m)m | - -—
" 1 ]
1 p=— T ]
106 f T ]
102 - T P T
93 [~ T -;
- T
80 p— 3 &
Ty - ~
N T R D PR T A
N T I R @ & W

arn O A

e e o 7 = 2 st e Ty o e




e e o

et~ rentpn i = e = o =

e

,
S ot

WIND SPEED

® U?P

146
. 182
138
134
130
126
122

"
HEIGHT
('"")_ m

10
108
102
8
8
9

V.82

TRAIL NO. B60

15 FEBRUARY 1967

CORK

22:45:00 AST

H.A.R.P. BARBADOS

v

]lT'lrl' l

3

40 "

0 18

SPEED (m/s)

-

e TR DO L N

e o

- Teee e e

AR PR



T

o

SR W A e T

Erei i\ aua

0

P

&

. R

e —— vt e A

Gt~

Tk, W <

e A

138
134
130
126
122

118
HEIGHT
(km)
114

10
108
102
a8
94
80

WIND DIRECTION
e UP

1v-83

TRAIL NO. B60 CORK
15 FERRUARY 1967 22:45:00 AST

H.A.R.P. BARBADOS

1E!lli1|"'|'['
— —
= ..
- —e———y
- ———y
- ——
I .
- —
N -
B -
- g
— gy
- ) -]
-’ wnad
N . N
N T T P R T I

180

240

320 40 120 200
DIRECTION (deg)

2 N ";‘ - .
AL WO v RS TR e e

<

L




V-84

TRAIL NO. 861 DUBLIN
BARBADOS 15 FEBRUARY 1967 22-45-00 AST
UP TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADIRNG VELOCITY GEOGRAPHIC MAGNETIC
{KM) {(DEG) (M/S) N-S E-W N-S E-W
8840 492 34,0 2242 257 16¢5 2947
89.0 3440 35.4 294 19.8 2448 2544
9Ce0 127 3441 33493 Te5 311 14,1
91,C 34862 32.4 31.7 -606 124 0.0
92,0 32440 39,0 31.6 -2340 3546 -16.1
93,0 31362 4743 3243 -34,5 3846 =-27.2
Qh.O 31004 527 3442 -4042 4197 -3204
Q500 26506 78.9 3405 ‘71.0 4802 *6205
9640 29449 7542 31.6 -68¢3 4448 -6045
97,0 27901 7101 1103 =702 2503 -66¢4
98,0 26843 6446 -1.9 -64e6 11.3 ~-6346
99.0 26848 62.0 -1le2 -620 1le4 -61l.40
10040 280.8 63.0 11.8 -61.9 2401 ~5842
101.0 2774 7545 9.7 =T449 2467 - -71.4
102.0 26549 72.1 -541 -71.9 9.6 -71.4
103,0 26246 2849 ~3e7 -2846 242 -28,.8
10440 28249 76 1.7 ~Teh 342 -669
: 1065,0 361 13,4 10.8 769 9.0 2.9
* 1N6e40 5261 21.1 1249 1646 9.3 1849
107.0 602 28,2 1440 2445 8e7 2648
108.0 656 35,0 1444 31.9 Te6 3442
109.0 6862 43,1 1640 4040 Te5 4244
110.0 7064 5.0 171 48¢0 7.0 5065
111.0 7361 57e7 167 5542 5e1 57e4
11240 The2 657 179 632 47 6545
113.0 7745 69,7 15.1 68,1 l.0 697
11440 776 75.8 1642 7440 0.8 7567
L 116,0 787 71.9 1441 T W5 ~0e5 71.9
. 116.0 804 75.0 12.5 7440 ~2.8 7540
| 117.0 7647 7543 17.3 7343 2.0 7543
H
i
J
!
{
|
1
: |




T

%

L SO

TRAIL NO.

BARBACOS

DOWN TRAIL
WIND WIND

ALTITUDE HEADING VELOCITY

{KM) {DEG) (M/5)
8840 3749 376
89,0 6245 414
90,0 34243 34.7
91.0 33545 34,7
92,0 3184 4242
9340 2066 5249
94.,0 306+6 5644
9540 29749 6842
9640 28447 §5.1
97,0 28446 T4e7
38,0 2679 6667
99.0 2666 6446
100.0 26943 620
101.0 27546 771
1020 26967 74,40
103,0 26640 34,45
104.,0 33945 1244
10540 418 19,8
106.0 565 2746
107.0 6549 31.7
108.0 72.0 467
109.0 770 477
1100 754 5643
111.0 1762 6646
112.0 7946 6649
11300 8443 7300
114,0 748 74,43
115,0 G242 8149
116.0 93,9 86,8
117.0 9648 B542

B61 DUBLIN

15 FEBRUARY 1967

GEO

N=5
297
36.7
33.1
3146
31.5
3145
3346
3149
2145
18.8
'204
~3.9
“0.8
745
~0e4
“2-4
11.6
14.8
1542
1249
10.7
10.8
1442
1467
12.0
Te3
248
’302
'509
=10.0

V-85

22~45-00 AST

WIND COMPONENTS (M/S)

GRAPHIC

E-w
2341
19.1
-10.6
~1444
-28,0
~4245
”“6.3
”6002
~82.3
-7293
’66.7
'6404
=620
‘7607
=740
‘3404
‘403
13,2
23.1
2849
3340
4645
5445
65.0
6548
7246
74,3
81.8
8646
8446

MAGNETIC

N-S E-W
244 2847
32,1 2642
3446 =367
33.9 ~Te7
3645 ~21,0
3905 “35.2
4201 -3705
4345 =5245
37.8 =762
3361 -6700
11.2 “6508
943 '63.8
11.8 ‘60.9
2209 '73.6
1446 =7245
4.6 -34.2
12,2 ~1,9
11.8 15,9
1042 2547
6.8 3049
3.8 3445
1.1 47.7
248 5662
12 56.6
-106 6609
-706 7206
’1204 73.3
~19.7 7944
~23 ¢4 8346
=27.0 80.8

-

“m. ’F“‘" el :' et oo g P g
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o
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{ragc
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P2z isnmventa N
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2
V-86
WINGC COMPONENTS TRAIL NO. B61 DUBLIN
up  DowN 15 FEBRUARY 1967  23:56:00 AST
N-S o A
E-w o R H.A.R.P. BARBADOS
' ] T I “ T T T | ]
146 — —d —)
142 }— + —
138f— A -
‘34 [ pea oo
e -l
130 p— —
126 p~~ —]
122 b= —
118 = —
HEIGHT L _
km
( )"4 m —
10 b— —
106 b— ]
- -
102 }ome —
98 s —
94 —
90 t— —
86 P —
{ ' | { I }

-120

-80

SPEED (m/s)




v-87

WIND DIRECTION
o UP

TRAIL NO. B6l DUBLIN

15 FEBRUARY 1967 23:56:00 AST

A DOWN

o ——

%, e—]

2 G LS - o>
NIRRT
it anaa 7

146

142

138

134

130

126

122

118
HEIGHT
(km)

114

110

106

102

88

94

80

86

H.A.R.P. BARBADOS

1

bt

T 7]

H 1 ] Vr’ L

|

lLl_jlljl

20

320

120 200 280 0
DIRECTION (deg)

gmo3 = ey em~ s «
.

e i

WG B35 b s o
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i
H
f
¥

.o

»

it

BT ~

WIND

HEIGH
{km)

SPEED

e UP

A DOWN

Iv-88

TRAIL NO. B61 DUBLIN
15 FEBRUARY 1967 23:56:00 AST

H.A.R.P. BARBADOS

146t

142 t—

38—

134~

130 b—

126 p—

122 (—

18 p—

T k-
114

10

106

I e |

102

|

94

86 p—

T B

80 120 160
SPEED (m/s)

e

ol

R

R g




Salswacy /o

TAFT

-
¥

EANY

N

» g T Y T A ST 8 P
S v,

P

v

SATIN]

T T et o

BARBADOS
DOWN TRAIL

WIND WIND

ALTITUDE HEADING VELOCITY
(KM) {DEG) (M/S)
89,0 30501 5602
90,0 27601 51.2
91.0 2753 46.2
92.0 27546 39.8
93,0 277e4 4645
9460 28249 539
950 28649 5847
9640 283.8 6360
97.0 26948 7067
98.0 25849 6643
99.0 24943 6146
100.0 26945 5843
101.0 28749 3347
10260 30246 11.2
103.0 34641 beb
104,0 51.3 14,1
105.0 £5e1 1945
10640 694 2847
107.0 6840 40,5
10840 757 4745
109.,0 719 562
110.0 7746 44,5
111.0 T4eb 39.6
112.0 6le7 3245
113.0 4548 30.9
11440 35643 3341
115.0 35406 32.1
11640 95441 3341

1v-89

TRAIL NO. B62 GARVAGH
15 FEBRUARY 1967

22~45-00 AST

WIND COMPONENTS (M/S)

GEOGRAPHIC
M-S E-w
3243 ~46¢0
5e5 =5049
403 -46.0
3.9 ~39.6
6e0 ~46e2
12.0 ~52.5
17.1 ~-5642
150 =612
‘002 "7007
~1247 =6540
~21.8 =57e6
"005 '5803
1063 =320
640 ~%e4
403 ”191
8e8 1340
8e2 177
1041 2649
1562 3746
117 4600
174 5344
9e6b 43,5
1045 3842
1545 2846
2145 22.1
32.9 ~343
3240 -3¢0
3340 =344

MAGNETIC
N-S E-W
4140 ~3845
157 4847
13.6 il o2
11.9 . _3800
1503 -44.0
22.4 -4900
2802 -51.6
271 ~5649
1442 ~6943
0.8 =662
-946 ~6048
11.4 =57e2
1646 ~2942
708 “800
4e4 -0¢2
6ol 12,6
4eb 19.0
be4 28¢4
Te2 39,9
201 4744
6e2 55.8
De6 44 65
245 3945
94 31.2
1646 2660
32.9 3¢5
31.9 366
3340 3eb

s

M

ts

Z¥

ey v

g

P T e e

LR
PSP . S
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1v-90

R e 3

wod

ot ey N AT i WA TR SIS, T AT e AT e S

|

| o 13

™

WIND COMPONENTS TRAIL NO. B62 GARVAGH
up  DOWN 16 FEBRUARY 1967  01:05:00 AST
N=-S o A
E-w o A H.A.R.P. BARBADOS
T Tt N L
146 — -+
-, ot
142 p—~ -t
138 p— -
" 1
134 |— - -
- om
130 p— .
126 b~ -t
122 }— 4.
118 (— -
HEIGHT L.
km
¢ )114 < o
.
110 b
106 b=
102 p~ ‘i
i //
99 L G4
94
90
86 b
& i
{ ' | ' i l 1 | l 1 i | l
0 45 20

-120 - 80 -40 120

SPEED {m/s)




Y
‘ Iv-91
z WIND SPEED TRAIL NO. B62 GARVAGH
' ° wP 16 FEBRUARY 1967  01:05:00 AST
n A DOWN H.A.R.P. BARBADOS
: B ‘ | R
2 146 | ~
I _ -
M2 —
i,c e -y
?r
L 138 }— -
g1 N .
1= 1341 —
| 130 }— —
! 126 - —
! - o
L 122}— -
b 118 —
% HEIGHT L N
! Y —~
\ - -
106 —»/ -
102 -~
n -
58 b —
94 }— —
90 S e
86— —
l T R
40 T 120 160
SPEED (m/s)

SET L e

[PV Yo
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L Lo v

el

LIRS

Nk ;T aaEe

o

S

B e

WIND DIRECTION

e T N i

V-92

TRAIL NO. B62 GARVAGH

* UP 16 FEBRUARY 1967  01:05:00 AST
A DOWN H.A.R.P. BARBADOS
1 ! 1 ] ] ] T r T
ABNLJN R AL BN BN B BN L
e — —
- _
142 |— -~
136 }—
- -
136 4— —
130 p— i
126 — —_—
- “
122 — —
18—
HEIGHT | R
(km)
114 p— —
e a\ -
" ]
_ -
106 +— ]
102 }— —
98 b— —
94 b— s
i -
90 -~ —
86 p— e
| I | l 1 I 1 I | l | ] l |
80 160 240 320 40 120 200

DIRECTION (deg)
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Iv-93

TRAIL NO. B63 HOLLYWOOD
3ARBADNS 15 FEBRUARY 1967 22-45-00 AST
Up TRAIL
WIND WIND WIND COMPONERNTS (M/S)
ALTITUDE HEADING VFLOCITY GFOGRAPHIC MAGNETIC

(KM {DEG) {M/S) N-$S E~-W N-S E-W
83.0 35201 6206 62.1 ~8e6 6246 4e2
8940 34745 81.8 7949 =177 81.8 -le1
20.,0 21262 TRe2 5245 ~5840 632 ~4661
91,0 2113 5445 3640 -4140 4346 ~32.8
G240 30442 4545 25.6 =376 3267 ~3146
63.0 29640 4546 2040 =4140 279 ~36.1
94490 30642 4064 2349 =32¢6 30.0 =271
98,0 32244 41l.4 32.8 ~25e%3 373 -18,.1
9640 1212 5548 43,45 ~3449 4Q67 ~2543
*7.0 3NRe3 617 3842 ~48¢4 4762 ~3946
AR, 0 10346 6342 35.0 -5206 4540 ~44 04
99,0 2971 5206 2400 ~4648 3300 “4()¢9
170.0 286240 4942 1043 -48e1 19.9 -4540
10149 28244 43,9 10.2 ~42e7 1847 -39.,7
02,0 210,.3 3667 2%.8 =28.0 29.0 ~2246
'G3.0 35362 4064 4042 ~3e8 403 365
104,40 107 5240 5141 9.7 4841 19,9
105,0 19.1 5460 51.0 1747 4603 2T 7
10640 3043 57.8 4949 2542 4249 3867
107,0 4246 6561 4741 4449 37.0 5365
8.0 61 64432 35.8 53e4 2442 59.6
13,0 4246 29,6 21e4 2065 1648 2404

£ s e S

e




e e e S e Wb ——— o

[P

-94

TRAIL NO. B63 HOLLYWOOQD
BARBADCS 15 FEBRUARY 1967

DOWN TRATL

WIND WIND
ALTITUDE HEADING VELOCITY
(KM) {DEG) (M/S)
10240 34841 4362
103.0 1846 4449
10440 3547 5463
10540 5045 7060
10640 6249 6742
107.0 6940 5Ce1
10840 73e7 39.8
109.0 7240 31.8
110.0 1240 21,1
111.0 32943 51.0
112,0 33349 64l

22-45=-00 AST

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-W
423 ~849
4245 14.3
4441 3167
4445 54,1
3046 59.8
1840 4648
11e2 3842

9.8 3062
2046 be4
4309 “2600
5746 ~2842

MAGNETIC
N-S E-W
4342 =0e1
3847 2246
3647 4060
3246 6240
17.8 6448
8el 49,5
342 3967
3.5 31.6
1943 8e5
4843 ~1645
6201 ~15.9




HOLLY»00D

TRAIL NO. B63

IV-95

WIND COMPONENTS

02:10:00 AST

16 FEBRUARY 1967

WN

DO

up

T e I e B ot AU S S
g
Trir1rrerrrrqyvy1rrqi+r1rvry~1rr-+°10°"1°7
. |4
1
-
0 r— -—=
o
w §
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P
PR = £
o2 }
< - 1
=
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£
L 4
————— +———{= 8
(7] }
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= (/7]
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!
- o
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= = = = = & & =,. = 8 &2 8 8 = 8 8 .
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X
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I . e e e e e e e e e e i
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1V-96

WIND SFEED TRAIL NO. B63 HOLLYWOOD
¢ UP 16 FEBRUARY 1967  02:10:00 AST
A DOWN H.A.R.P. BARBADOS

1 | | | i | |

_ | | l | i
146 —
142 f— -
138 p— ——

F L
134 -
130 b= —
126 = —
122 —
18 }— ' e

HEIGHT -
(km) 114 -

110 —
106 o

102

i ] l i l | i | l 1 i

40 g0 120 160
SPEED (m/s)




v-97

WIND DIRECTION TRAIL NO. B63 HOLLYWOOD
* UupP 16 FEBRUARY 1967  02:10:00 AST

A DOWN H.A.R.P. BARBADOS

’

T VLA DSV P U

PR-C e,

_llr'(r llT'l]lrl

146 —
142 p—

138 }—

134 }—

2
e
v

130 —

126 F—

122 t—

= -
L HEIGHT |
i 14 -
110 f—

106

I

102

o
\

B

98

s
w
3

rl

1

80

SR N? e

T

86

| ~t|n|a|LJ|lJ|n|a

- -
-

EST- VRS S

I

1

Gt Ry =

N BT B
ORI SR

c e s

|
- £

R

: 80 160 240 320 40 120 200
DIRECTION (deg)
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Iv-98

.

;? TRAIL NO. B64 KERRY 65 LIMERICK
.} BARBADOS 15 FEBRUARY 1967 22-45-00 AST
& UP TRAIL
3
i WIND WIMD WIND COMPONENTS (M/S)
1 ~..TITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
b1 (KM) (DEG) (M/S) N-S E~W N-S E~W
i 0300 29?09 6103 2408 "5600 3507 "49.8
& V440 29846 71.8 3444 -63,0 46 ¢5 -5447
* 95,0 28947 8440 2843 -79,1 43,8 71,7
9640 28546 89.8 2441 -8645 41.2 ~79,.8
77.0 29102 7800 2802 _72-8 4204 "65.6
1840 30043 6he2 3204 5504 4340 47,7
9,0 31743 5443 3949 -35,48 4645 -27.9
110.C 11.8 4846 4745 10.0 4445 1944
E 1.0 3047 57+5 4944 2943 4244 3847
: 7240 3548 6249 51e1 3648 4246 464
: 2340 3343 7046 5940 3848 4949 5040
G o0 43,1 7864 572 5366 45,1 64,1
. 1540 46 o6 8344 5745 60e4 4440 7046
‘A 660 4749 8542 572 6362 4342 735
; 07.0 47 ¢4 8643 5844 635 4be3 7440
3 .08.0 467 90,4 6240 6548 4743 7740
'¥ 09.0 3440 7747 64e1 4349 5348 5640
b 10,0 356¢1 7667 7665 =542 7640 1044
1 1140 35942 8648 8648 ~142 8542 1645
~ .2.0 35849 10445 10444 -2.0 10246 1942
| 13.0 34943 8946 8840 ~1646 8945 166
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LIST OF TMA TRAILS (Nos, 1-68)

A-2

APPENDIX A-2

Trail Shot Time Altitude
No.. Name No, Date AST km
1 IRIS 42 7 Jul 64 1902 94 - 109
2 JANET 43 7 Jul 64 2110 86 -~ 95
3 SHARON 62 22 Jul 64 1900 95 - 98
4 QUEENIE 67 24 Jul 64 1945 30 - 96
.5 LUPACA 97 22 Mar 65 2124 92 - 114
6 MIAMI 98 24 Mar 65 0103 101 - 110
7 NQOTKA 193 27 Mar 65 0220 92..- 111
8 OTTAWA 104 28 Mar 65 2002 105 - 119
9 PUEBLO 105. 28 Mar 65 2220 90 - 117
10 MARIDS 112 3 June 65 1957 102 - 114
11 NERO 113 3 June 65 2241 88 - 94
12 ELAGABULUS 114 4 June 65 0135 91 - 121
13 " FABIUS 115 5 June 65 0317 92 - 107
14 OVID 122 9 June 65 2157 95 - 103
15 CICERO 123 9 June 65 2358 91 - 103
16 PLINY 125 10 June 65 2107 97 ~ 108
17 TIBERIUS 129 5 Aug 65 202C 95 « 107
18 UMBRIA 139 6 Aug 65 C244 94 - 106
19 BEIAIR 133 20 Sep .65 1930 90 - 132
20 CONOWINGO 134 20 Sep 65 2052 88 - 136
21 EDGEWCOD 136 21 Sep 65 0024 90 - 123
22 FOUNTAIN GREEN 137 21 Sep 65 0221 88 - 128
23 GALENA 138 21 Sep 65 0335 91 - 138
24 HAVRE DE GRACE 139 21 Sep 65 0500 90 - 123
25 LINTHICUM 142 22 Sep 65 1924 91 -~ 127
26 MAGNOLIA 144 23 Sep 65 0150 94 - 126
27 WANTICOKE 145 23 Sep 65 0315 98 - 133
28 OLNEY 146 23 Sep 65 0407 88 ~ 126
29 PERRYMAN 147 23 Sep 65 0505 98 - 124
30 YORKSHIRE 157 16 Nov 65 1815 101




- S ) '
A
4
A-3
APPENDIX A-2 (Cont'd)
Trail Shot Time Altitude
No. Nare No. Date AST km
31 CHRIS TCHURCH 160 17 Nov 65 1815 92 - 119
32 DOVER 161 17 Nov 65 1934 91 - 122
33 FOUL BAY 163 17 Nov 65 2315 93 - 127
34 GUN HILL 164 18 Nov 65 0045 96 - 127
35 INDIAN GROUND 166 18 Nov 65 0330 98 - 117
36 JAMES TOWN 167 18 Nov 65 0508 93 - 119
37 MAXWELL 173 22 Nov 65 1809 94 - 120
38 NEEDHAM'S POINT 174 22 Nov 65 1930 93 - 134
39 PARAGON 176 22 Nov 65 2259 99 - 126
40 QUEEN'S FORT 177 23 Nov 65 0131 106 - 133
41 ROCKLEY 178 23 Nov 65 0328 95 - 138
42 SEAWELL 179 23 Nov 65 0516 91 - 130
43 INAUGUA 181 17 Feb 66 2103 92 - 123
b4 ST. KITTS 189 23 Feb 66 2046 87 - 131
45 ST, LUCIA 190 23 Feb 66 2203 95 - 117
46 MONTSERRAT 191 23 Feb 66 2321 111 - 120
47 NEVIS 192 24 Feb 66 0025 91 - 122
48 PUERTO RICO 194 24 Feb 66 0327 90 - 123
49 ST, THOMAS 196 24 Feb 66 0523 96 - 118
50 FLAMINGO 199 25 Feb 66 1843 94 - 130
51 BETA 205 19 Sep 66 2055 94 - 128
52 GAMMA 206 19 Sep 66 2224 89 - 135
53 DELTA 207 20 Sep 66 0010 91 - 122
54 EPSTLON 208 20 Sep 66 0130 90 - 109 i
; 55 ZETA 209 20 Sep 66 0224 89 - 115 :
56 ETA 210 20 Sep 66 0318 88 - 122 ‘
f 57 THETA 211 20 Sep 66 0403 87 - 127
58 I0TA 212 20 Sep 66 0446 86 - 124 ‘
E 59 BELFAST 218 15 Feb 67 2117 88 - 123 L.
SE 60 CORK 219 15 Feb 67 2245 89 - 101 |
i 61 DUBLIN 220 15 Feb 67 2356 88 - 117 ;
{ 62 GARVAGH 221 16 Feb 67 0105 89 - 116 L
1 63 HOLLYWOOD 222 16 Feb 67 0210 88 - 114
64 KERRY 223 16 Feb 67 0323 93 - 116 _
_ 65 LIMERICK 224 16 Feb 67 0417 95 - 110 :
: 66 NEWRY 225 16 Feb 67 0520 106 - 112 ¥
i
i 67 CAIRO 225 21 June 61 2248 89 - 107 .
. 68 DURBAN 236 22 June 67 1951 95 - 110 f
L,
i
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APPENDIX A~3

A. HARP-Technical Publications

Buil, G.V., and Murphy, C.H., Gun Launched Missiles for Upper
Atmosphere Research, AIAA Preprint 64-18, January 1964,

Bull, G.V., Development of Gun Launched Vertical Probes for Upper
Atmosphere Studies, Can, Aero, & Space Jrl., Vol. 10, pp. 236-247,
October 1964.

Wasserman, S., Bull, G.V,, and Murphy, ..H.,, Rocket Assist Pro-
jectiles fo: High Altitude Research Probes (Project HARP), Bulletin
of the 20th Interagency Solid Propulsion Meeting-July 1964, Vol, IV,
CPIA Publication No. 49B, pp. 371-382, October 1964, (AD 355356)

Raymond, H,A., Orbit Injection Control for HARP, Can. Aero., & Space
Jrl,, Vol, 11, pp. 154159, May 1965,

Murphy, C.H., and Bull, G.V., "A Review of Project HARP", Planetology
and Space Mission Planning, Annals of the New York Academy of Sciences,
Vol. 140, Art, 4, pp. 337-357, 1966,

Williamson, L, Edwin, and Boyer, E.D,, "The Gun-Launched Meteoro-
logical Sounding System", AMS/AIAA Paper 66~382, March 1966,

Eyre, F.,W.,, The Development of Large Bore Gun Launched Rockets,
Can, Aero., & Space Jrl,, Vol., 12, pp. 143-149, April 1966,

Millman, P.M,, "Big Gun on Barbados", Sky and Telescope, Vol, 32,
pp. 64~67, August 1966,

Murphy, C,H., Bull, G.,V., and Edwards, H,D,, Ionospheric Winds
Measured by Gun Launched Projectiles, Jrl, Geo. Res., 71, pp. 4535-4545,
October 1966,

Wright, J.W,, and Fedor, L.S., "Comparison of Ionospheric Drift
Velocities by Spaced Receiver Technique with Neutral Winds from
Luminous Rocket Trails", Space Research VII, North-Holland Pub-
lishing Company, Amste.sdam, pp. 67-72, 1966,

Wright, J.W., Murphy, C.H., and Bull, G.V., "Profiles of Winds in
the Lower Thermosphere by the Gun-Launched Probe Technique and Their
Relation to JTonospheric Sporadic E'", Space Research VII, North-
Holland Publishing Company, Amsterdam, pp. 113-122, 1966.

Murphy, C,H., and Bull, G.V., "Review of the High Altitude Research
Program”, The Fluid Dynamic Aspects of Ballistics, AGARD CP 10,
pp. 403-437, September 1966. (AD 805753)

Mermagen, W.H., Cruickshank, W.J,, Vrataric, F., "VHF and UHF High-G
Telemetry for HARP Vehicles", The Fluid Dynamic Aspects of Ballistics,
AGARD CP 10, pp. 439-464, September 1966, (AD 805753)
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14,

15,

16,

17,

18,

13,

20,

21,

22,

23,

24,

25,

26.

A, (Continued)

Bull, G.V,, and Murphy, C.H., "Gun Bcosted Rockets for High Per-
formance Sounding Missions', ATAA Sounding Rocket Vehicle Technology
Specialist Conference Procecdings, pp, 581-593, February 1967,

Wright, J.W,, Murphy, C.H,, and Bull, G.V., Sporadic E and the Wind
Structure of the E Region, Jrl., Geo, Res,, Vol, 72, pp. 1443-1460,
1 March 1967.

Murphy, C,H., and Bull, G.V., "Aerospace Application of Gun Launched
Projectiles and Rockets", Space Program Impact on Range Development,
American Astronautical Society, pp. 241-270, 1967, (See also SRI-TL-1,
AD 662058,)

Bull, G.V., Murphy, C.H., and Lyster, D,, "Multipoint Ignition in
HARP Guns", Proceedings, 2nd ICRPG/AIAA Solid Propulsion Conference,
CPIA Publication No. 141, Vol, 1, pp. 511-533, April 1967, (AD 380975)

Murphy, C.H,, Bull, G.V., and Wright, J.W,, "Motions of an Electron
Cloud Released from a Gun-Launched Projectile", Jrl, Gec, Res, 73,
Pp. 3511-3514, 1 July 1967,

Murphy, C,H,, and Bull, G.V., "Nighttime Variation of Ionospheric
Wirds over Barbados, W.I.", Jrl, Geo. Res, 72, PP. 4831-4837,
1 October 1967,

Fedor, L.S,, A Statistical Approach to the Determination of Three
Dimensional Ionospheric Drifts, Jrl. Geo. Res, 72, pp. 5401-5415,
1 November 1967,

Cox, R,N., The Case for Gun-Launched Space Probes, New Scientist,
36, pp. 337-340, 9 November 1967,

Marks, S,T,, High-g Component Test, ORDNANCE, Vol, LII, pp. 386-388,
January 1958,

Bull, G.V,, "Project HARP", ORDNANCE, Vol. LII, pp. 482-486,
March-April 1968,

Murphy, C.H,, and Bull, G.V., Ionospheric Winds over Yuma, Arizena,
Measured by Gun Launched Projectiles, Jrl. Geo. Res, 73, pp. 3005~
3015, 1 May 1968.

Murphy, C,H,, and Bull, G.V., "General Properties of Ionospheric
Winds", Proceedings of the 3rd National Conference on Aerospace
Meteorology, American Meteorological Society, PP. 488-494, May 1968,

Gossard, Earl E,, and Paulson, M.R,, "A Case Study of a Periodic
Structure in the Atmosphere Near the 90 km Level", Journal of
Atmospheric and Terrestrial Physics, 30, pp. 885-896, May 1968,
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27,

28.

29,

30,

A, (Continued)

Wright, J.W,, "The Interpretation of Ionospheric Radio Drift
Measurements - I, Some Results of Experimental Comparisons with
Neutral Wind Profiles", Journal of Atmospheric and Terrestrial
Physics, 30, pp. 919-930, May 1968,

Murphy, C.H., and Bull, G.V., "Gun-Launched Probes over Barbados",
Bulletin of the American Meteorological Society, Vol. 49, pp., 640-
644, June 1968,

Murphy, C.H,, Seasonal Variation of Ionospheric Winds over Barbados,
West Indies, Jrl. Geo. Res, 74, 1 January 1969, pp. 339-347,

Groves, G,V., Low~Latitude Easterly Winds at 95-km
Altitude Revealéd by Sounding Rockets and Gun~Probes,
Journal of British Interplanetary Society, Vol. 22,
pp. 75-77, Feb. 69.
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11,

12.

13.

14,
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B. BRL HARP REPORTS

MacAllister, L.C., and Bradley, J.W., "Comments on the Use of Guns
to Launch High Altituvde Probes," BRL Memo Report 1252, March 1960,
(AD 237038)

Marks, S.T., MacAllister, L.C., Gehring, J.W., Vitagliano, H,D.,
and Bentley, B.T., "Feasibility Test of an Upper Atmosphere Gun
Probe System," BRL Memo Report 1368, October 1961, (AD 267354)

Marks, S,T., and Boyer, E,D., "A Second Test of an Upper Atmosphere
Gun Probe System," BRL Memo Report 1464, April 1963. (AD 405889)

Boyer, E.D., "Five-Inch HARP Tests at Wallops Island, September
1963," BRL Memo Report 1532, January 1964. (AD 430232)

Mermagen, W.H., "High "“G" Telemetry for Ballistic Rauge Instru-
mentation,' BRL Memo Report 1566, April 1964, (AD 444246)

Mermagen, W,H., "Telemetry Experiments Conducted on the HARP
Project in British West Indies and Wallops Island, Virginia,
During the Period Jan-Mar 1964," BRL Memo Report 1578, July 1964.
(AD 449867)

Mermagen, W.H., "HARP 250 Mc Telemetry Experiments, Jun-Oct 1964,"
BRL Memo Report 1614, November 1964, (AD 459576)

Cruickshank, W.J., "High "G" UHF Telemetry for Gun-Launched
Sounding Probes," BRL Memo Report 1632, January 1965. (AD 463928)

Cruickshank, W.J., “A Feasibility Test of a 1750 Mc/s Telemetry
and Tracking System for Five-Inch HARP Projectiles," BRL Memo
Report 1651, May 1965, (AD 469653)

Mermagen, W.H,, "HARP ZSOIMc/s Telemetry Experiments, Wallops
Island, Marcn 1965," BRL-Memo Report 1694, Septcmbexr 1965,
(AD 631268)

Evans, J.W., "Evaluation of a Tunnel-Diode Oscillator for Use
in Gun Probe Telemetry,® BRL Memo Report 1711, November 1965,
(AD 631514)

Brown, J.A., and Marks, S.T., "Feasibility Test of a Potential
Meteorological Shéll for the Standard 175 MM Gun," BRL Tech Note
1584, February 1966, (AD 631245)

Marks, S.T,, Pilcher, J.O., and Brandon, F., "“The Development of
a High Acceleration Testing Technique for the Electronic Instru-
mentation of HARP Projectile Systems," BRL Memo Report 1738,
March 1966. (AD 635782)

Braun, Walter F., "An Inbore Veiocity Measuring Probe System for
Large Caliber Guns," BRL Tech Note 1610, April 1966. (AD 637280)
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15,

16,

17,

18.

19.

20’

21,

22,

23,

24,

25.

26,

A-8

B. (Continued)

Murphy, C.H., Bull, G,V., and Edwards, H.D., "Upper Atmosphere
Winds Measured by Gun-Launched Projectiles,' BRL Memo Reporrc
1747, May 1966, (AD 637850)

Evans, J.W., "Development of Gun Probe Payloads and a 1750 Mc/s
Telemetry System," BRL Memo Report 1749, May 1966. (AD 637747)

Mermagen, W,H., Cruickshank, W.J., and Vrataric, F., "VHF and
UHF High~G Telemetry Instrumentation for HARP Vehicles," BRL
Memo Report 1768, May 1966, (AD 640596)

Frankle, J.M., "An Interior Ballistic Study of a 24-inch Gun
for Project HARP,'" BRL Tech Note 1606, May 1966, (AD 486743)

Boyer, Eugene D.,, "Five-Inch HARP Tests at Barbados, West Indies,
January-February 1966," BRL Memo Report 1771, July 1946. (AD 640438)

Boyer, E.D.,, and MacAllister, L.C., "Seven-Inch HARP Gun Launched
Vertical Probe System: Initial Development,' BRL Memo Report 1770,
July 1966, (AD 640825)

Murphy, C.H.,, and Bull, G.V,, "Review of the High Altitude
Research Program (HARP)," BRL Report 1327, July 1966, (AD 645284)

Murphy, C.H,, and Bull, G.V., "HARP 5-inch and l6-inch Guns at
Yuma Proving Ground, Arizona," BRL Memo Report 1825, February
1967. (AD 654123)

Bull, G.V., Murphy, C.H., and Lyster, D,, "Multipoint Ignition
in HARP Guns,' BRL Memo Report 1832, March 1967. (AD 654370)

Cruickshank, W.J., ""1750 MHz Telemetry/Sensor Results from HARP
Firings at Barbados and Wallops Island, 1965," BRL Memo Report 1824,
February 1967. (AD 815761)

Boyer, E.D., Williamson, L.E,, "Five-Inch HARP System - Initial
Test Series - Fort Greeley, Alaska,'" BRL Tech Note 1657, May 1967,
(AD 655267)

Boyer, E.D., "5-Inch Gun Meteorological Sounding Sice, Highwater,
Quebec,!" BRL Memo Report 1929, July 1968. (AD 673712)
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11,

12,

! 13,

14,

15,

C. SRI HARP Reports ]
(Partial list)

Staff, Dept., of Mechanical Engineering, Project HARP-Description
and Status, Report 62-5, 1962,

Kardos, G., Notes on Mechanical Design of Gun Launched Vehicles,
IN 62-5, July 1962, (AD 450668)

Staff, Dept, of Mechanical Engineering, Project HARP-McGill ,Z
University, Report on the First Twelve Firings and Status as of
July 30, 1963, Report 63-5, Nov 1963, (AD 428795)

Eyre, F.W,, Outline Aerodynamics and Performance of the Martlet 2C,
SRI-H-TN-1, Nov 1964. (AD 454878)

Eyre, F.W., Ballistic Development Testing of M8-M Propellant in the
16" Barbados Gun, SRI-H-R-1, Nov 1964, (AD 454862)

McKee, R.M., A Parametric Study of Multi-Stage Gun Launched Rockets,
SRI-H-R-2, Mar 1965. (AD 676166)

Staff, SRI, Report on the Decembzr 1964 Test Firing Series,
SRI"H“R"B, April 19650

McKee, R.M., Continuation of Gun-Launched Rocket Parametric Study,
SRI-H-R-5, May 1965,

Luckert, H.J., Report of the March 1965 Test Firing Series Project
HARP, SRI-H-R-9, July 1965. (AD 475146)

Parkinson, G.V., Simple Internal Ballistics Theory for Single
and Double Chamber Guns, SRI-H-TN-4, August 1966.

Bull, G,V., Aikenhead, B., Palacio, L., and Lyster, D,, A Gun
Launch Target Placement System, SRI-2-TN-4, August 1966, (AD 475146)

Luckert, H,J.,, Report of the May/June 1965 Test Firing Series
Project HARP, SRI-H~-R~10, Sept 1966, (AD 649116)

. v s %

Bull, G.V,, Lyster, D,, and Parkinson, G.V.,, Orbital and High
Altitude Probing Potential of Gun-Launched Rockets, SRI-H-X-13,
Oct 1966, (AD 807731)

Murphy, C.H,, and Bull, G,V., Aerospace Application of Gun Launched
Projectiles and Rockets, SkT-TL-1l, March 1967, (AD 652058) Re~
issued as SRI-R~24, Feb 1968, (AD 666746) !

——
~

Parkinson, G,V,, Simplified Forms of Preliminary Trajectory Cal-
culation for Gun-Launched Vehicles, SRI-R-19, August 1967. (AD 677416) o
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o) C. (Continued)

16. Delfour, M,C.,, Galiana, F.D., and Aikenhead, B.A., The Effect of
Dispersion in Trajectory Parameters on a Nominal Martlet IV Type
Orbit, SRI-R-26, Sept 1967,. (AD 676877)

17. Braithwaite, K,, and Luckert, H,J., Report of the August/September
1965 Test Firing Series Project HARP, SRI-R-17, Dec 1967. (AD 825694)

18. Luckert, H.J., Report of the November 1965 Test Firing Series
Project HARP, SRI-R-20, Jan 1968. (AD 666744)

19.

Groundwater, F.M,, The Development of Gun Launched Rockets,
SRI-H-R-6, Feb 1968., (AD 679353)
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D, HARP Wind Data Reports

Meteorological Rocket Network Firings: Data Reports, August 1965
issue to present, Superintendent of Documents, Washington, D,C,,
20402, $36.00 a year, (HARP wind and temperature data up to 80 km
in all issues; wind data above 85 km in January 1967, June 1967,
December 1967, and June 1968 issues.)

Fuller, R.N,, Upper Atmosphere Winds from Gun Launched Probes
(Barbados July 1964-August 1965) BRL Contract 169, Report 1.
(AD 662198)

Fuller, R,N,, Upper Atmosphere Winds from Gun Launched Vertical
Probes (Barbados 20-23 September 1965) BRL Contract 169, Report 2,
(AD 662203) '

Fuller, R,N., Upper Atmosphere Winds from Gun Launched Vertical
Probes (Barbados 16-23 Nov 1965) BRL Contract 169, Report 3.
(AD 662204)

Fuller, R.N., Upper Atmosphere Winds from Gun Launched Vertical
Probes (Yuma, 13-15 June 1966) BRL Contract 169, Report &4,
(AD 662717)

Fuller, R.N,, Upper Atmosphere Winds from Gun Launched Vertical
Probes (Barbados, 17-25 Feb 66), BRL Contract 169, Report 5,
(AD 662718)

Anthony, M., and Epler, W,, Upper Atmosphere Winds from Gun
Launched Vertical Probes (Yuma, 16-19 November 1966) BRL Contract
169, Report 6. (AD 662719)

Anthony, M,, and Epler, W,, Upper Atmosphere Winds from Gun Launched

Verticali Probes (Yuma, 26-27 October 1966) BRL Contract 16%, Raport
7, August 1967. (AD 662727)

Fagot, John, and Epler, Wm.,, Upper Atmosphere Winds from Gun
Launched Vertical Probes (Barbados, 19-20 September 1966), BRL
Contract 169, Report 8, April 1968. (AD 673774)

Fagot, John, and Epler, Wm., Upper Atmosphere Winds from Gun
Launched Vertical Probes (Barbados, 15-16 February 1967), BRL
Contract 169, Report 9, April 1968. (AD 673775)

Fagot, J., and Epler, Wm,, Upper Atmosphere Winds from Gun
Launched Vertical Probes (includes Barbados 21-22 June 1967,
Yuma 12 June 1967), BRL Contract 169 Final Report, August 1968,
(AD 676860)
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E. Atmospheric Sciences Laboratory (WSMR)
HARP Reports

McCluney, Eugene L,, Theoretical Trajectory Performance of 5"
Gun Probe System, ECOM 5015, Oct 1965, (AD 473271)

Williamson, L.E,, Gun~Launched Vertical Probes at White Sands
Mizsile Range, ECOM-5030, Feb 1966, (AD 482330)

McClunéy, E.L., Projectile Dispersion as Caused by Barrel
Displacement in the 5+inch Gun Probe System, ECOM 5060,
July 1966, (AD 639960)

Kennedy, Bruce, Muzzle Velocity Measurement, ECOM 5083,
Oct 1966 (AD 642859)

Williamson, L.E., and Kennedy, B., Meteorological Shell for
Standard Artillery Pieces - A Feasgibility Study, ECOM-5161,
Oct 1967, (AD 667914)

Nordquist, Walter S,, A Study of Acoustic Monitoring of the
Gun Probe System, ECOM-5166, Nov 1967, (AD 667917)

Williamson, L.E., Gun Launched Probes - Parachute Expulsion Tests

Under Simulated Environment, ECOM-5179, Feb 1968, (AD 667908)
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F., Miscellaneous HARP Reports

Wasserman, S., Lattal, G., and Smolnik, J., Parametric Studdes
on Use of Bwosted Artillery Projectiles “>»r High Altitude Research
Probes, Project HARP, Picatinny Arsenal TR 3147, Jan 1%64, (AD 601409)

Northcote, D.L.S,, HARP 1/4 Scale Models General Description of
Instrumentation, Inspection Services, Canadian Department cf
National Defence TN 5/64, Dec 1964,

White, C.E,, Sound Pressure Level Mecasurements of the HARP 1o, 5"
Smothbore Gun at Barbados during the Firings in Dec 1964, Inspection
Services, Canadian Department of National Defence, TN 1/65, Jen 1965,

Investigation of the Effect of Ran Force on Breech Pressure and
Muzzle Velocity in the 16.5 " Smoothbore Gun, Inspection Services,
Canadian Department of National Defence, TN 4/65, Feb 1965,

Brown, J.A., and Marks, S.T,, "High Altitude Gun Probe Systems

for Meteorological Measurements," The Meteorological Rccket Network,
IRIG Document 111-64, pp. 211-221, Feb 1965. (AD 464583)

Wilkin, N.D,, ™ Research Program - High-~g Tests of Components,
HDL T™™-65-33, July 1965. (AD 622405)

Spalinger, R.E,, Sound and Pressure Level Measuremeants of the
HARP-Barbados 16.5~inch Gun with a 51 ft Muzzle Extension, Eglin
Air Force Base, APGC-TR-65-5%, July 1965, (AD 467721)

Block, A.V., Kodis, A,L,, and Smith, L.C.,, High Altitude Gun Probes
(Development of Langmuir Probes) Fineai Report, G.C.A, TR 65-15-G,
Sept 1965. (AD 633920)

Powell, L.,W., Poseidon~-Sofar Bomb Impact Survival Tests - Status
Report, USN Special Projects Office, SpP TM 012066, 7 Feb 1966.

Rossmiller, R., and Salsbury, M., 1l6-inch HARP Work at Rock Island
Arsenal - Summary Report, Rock Island Arsenal Technical Report
66-1493, April 1966, (AD 482573)

Pulfer, J.K., Telemetry Systems for Gun-Launched Upper Atmosphere
Probes, National Research Council of Canada, ERB-742, June 1966,
(AD 655874)

Perrine, R.H,, HARP 7-15 June 1966, Firing Report 6147, Yuma
Proving Ground, Arizona, Oct 1966,

Lorimor, George, 7-inch HARP Final Report, Rock Island Arsenal
Technical Report 66-3411l, Nov 1966, (AD 808327L)

Lorimor, George, 7-inch HARP (Navy Model) Final Report Rock Island
Arsenal Technical Report 67-296, Jan 1967. (AD 808813L)
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F., {(Continued)

Kantor, Arthur J., Winds in the Tropics, 90 to 135 km, Air Force
Cambridge Research Laboratories INAP No. 80, June 1967,

Weigle, Francis G., Acoustic Signature of Martlet 2C Vehicle Impact
on the Ocean Surface, USN Underwater Sound Laboratory, New London,
Conn,, USL ™ 2211-112-67, 31 August 1967,

Mead, J,B., Parkison, E H,, and Witten, L,, Measurement of Geo~
Electric Fields and Upper Atmosphere Parameters by Release of
Barium Vapors, Research Institute for Advance Studies, #artin
Marietta Company, Nov 1967. (AD 662066)

Broglio, E.,P,, Development of the HARP Battery, Final Report,
Eagle-Picher Industries, Inc. Dec 1967, (AD 665409)

Liss, F,T., and Richardson, J.F., Ruggedized Quartz Oscillator
Crystals for Gun-Launched Vehicles, HDL TM-68-23, July 1968
(AD 675486)

Justus, C.G., and J.B, Montgomery, A Pilot Study of the Ir:iegular
Winds at Chemical Release Altitudes, Air Force Weapons Laboratory,
TR-68-132, May 1969,
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