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SHIFBOARD 3UN SONDE TEST CF AAP SPIN ANGLE ERROR
Prepared by:

Samuel J. Raff

ABSTRAGY: This report describes the resultz of the AAP
Sun Scnde Test aboard the USS MACON 1ln September 1952,
These results ars substantlally in agreement with those
tne Naeval Electronics Laboratery model study, conducted
1952, and with the spin angle error assumpticns used in
recent AAP effectiveness studles.

53

The relisble performance of the eleetrinic gear, and
the excellent cocaperation of the ship resulted 1n a very
high percentage of usable and significant records. However,
due principally to the extreme calmness of the zea, and the
differences between AAP and 8"/55 trajectories, these results
cannct be consldered az a concluslive measurs of the ultimate
spin angle errcr of the AAP, snd a need for Turther investi-
gation 18 indlecated.

U, S. NAVAL ORDNANCE LABORATORY
Winlte Qak, S1liver Spring, Haryland
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The Shipbeard S Sonde Tast whiech resulted 1y <he dashs
pfngeﬁted here was conducted »y the Missilez Division

task HOL-Refe-1il7~1«53. the scope of the test was suah
thet ¢ majority o the pevsonnel ¢f the dlvision took
part elther in the ghipkoard shase or in dev2loping The
instrure fation The analysls of the vecords as well as
the ccmpiiatACW of the data pfgghjtpd nere, w¥ag pevia:
largely by the Horries Englneering Coupany, 2nd wes ail
and checked by %, ¥, Johnson and C. W. Estiznbach of
Misgiles Division.

Purtkrer datalls of the Sun Scende techn1que, snipheard instru-

mentetion ard mrthoda of fate anslysls are prazsented in in-
te.nzl reports.
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SHIFBOARD SUH SONDE TEST OF SPIN AVCLE ERROR
| LHTRODUCTION
Significance of Dats

1s The Angled arrow Prusectilb 18 a alavlv ratdting high
veloclty arrow shell capable of cne angular trajectory correc-
tion durling fiightv. This trajectory o OP*“cEiuu is sccom-

plished by the command firing of a shert burning-time rocket
which thrustes &t right apgleg to the trajsctory. The ship-

board computer, by exXxtrapolabing target nd misslle coordinates,
determines the ophinum time and direction in which {0 command

the nisslile and accompllish the trajectory correction. The
8teering roc?et has a [lxed orlerntation wish vespect to the
nisslle and the correct directlon of thrass 1s achieved by giving
the deflection command st the preeisz instant when the missile

ig in tiwe oroper provatlonal paaﬁ?ion; I* 3, therefcre, basic

to the system that the shipboard guldanc: equipment have con-
tinuous inferistlon on the ﬁns;lhhaneoas rosetional position

ef the migsile in Plight. Purther, ths accuracy of this in-
Tormation 18 & prime factor iu the accuracy of the system,

and 1ts8 effectivenecs. The LAY Zun Sond= Yest was conducted
aboard the USS HACQCH to evalvate the scearasy of this rotztional
pesliion informatlion under actual shipb boad conditiens,

2, This rotatienal posltlon infcrmation 1s derived by the ship-
board trans 1sior from 3 ¢w radlc signal srangmitted by the
misglie and mefuiated only by the rotatlon ci the misgile and i1ts
antenna pattern. The misglie antaona pastern, characteristics of
the recelved snignal; and mede of opsravion of the transiator
are deseribed in reference {a). For present purposesd, however;
it should zuffice to polnt out Lhat the hasie vadlating element
in the missile 13 & loop antenna. The plane of the loop con-
talns the mizslle axls of rotailen, and rcotstes sbout that axis
bhe missile rotates., Conslder fo? sinplizity Figure (1},
ra mizgeile 1;\ing hGP¢9D&Ld11“9 rotating slicwly zbout 1ts axis
5 the loopn snberna, 5130 1o a*ir63 trg Hliting 8 ew sigral
peel to the ship. The polarization of thin slgrsl willl depend
on the orientsiion of the loop. If the f‘uuc of the lcop is
vervizal, “F* pelarizatlicen {E yecter) of the kackward redisted
tgenal wlll e vertleal; 10 the plans of tire loep 1z horizontal,
,u«triwax-\a ef the radisted slgasl will bhe horvizontsal.
5 e vecaeliving enterna 18 vertliecally polarized, and

; will e & mal cimum when the polarizatlon
gf whe radlievion resching 1t is also vertical., Lilkewilse, the
received algrel will be zsry whea the poiarizat_on of The radia-
tion &l The btransialor, by J-ﬂ~p=ﬁui€ means, selects
she he vegelved signal 15 a4 wmeaxlmum and racog-
nizey tu angle or potational neainion of the
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5. Prom August 1062 to January 1953, a pirozram was conducted
through the cocveration of Bn”him% at the Nawal BEleectronles
Lakoratory in San Diege to study € 1es~ polarizatlon errors
and determine the ¢ptimum qhbﬂﬂﬂu ilcecation on a moedel cruiser.
4 detailed desu-irfton of this $t¢ﬁy and th: results “hereof
is given 1n wveference {(b). & scals factor of 48 to 31 was
used wilth s smouth metial zﬂorwd plape represznting the 8
suriace. In:tevﬂ of modeling the AAP and
horn of the sawe heam wldth was usad.

%

&2
ennf ., & wave gulde

6. In order to seleet the nost suitable apteans Lizeatblion.

three lccatlons were tested; one on the bow, one atop the

number twe 8"/55 turret, and cie atep she forward Mk 37 dirvector.
The complete ranges of anterna train, O tm 150 ﬂegreeﬁ, ani
missile elev&tlmn; O i@ b5 ¢eprees, wers investigatesd Tor

.l b

each locaticon. Thil tudy indicated an Qwezmaii s
e i vy = s oy <o
averaged cver the rzain 2ad elevabtlon of &.7 degprezs for e

director antenns. 3.4 degrcese fer the Survet antenna snd 2.
degrees oy the bow an
itent® wes estlwaled o8 4
glgnificant incracse i.x
beginning af an ro}e of
appeared = small lncreas
elevatlions

cerna The socurany of these nessuras

th;xgo T*e»a a}_,;red o he =

g a Ineressing anglea of traln

}.'_0 dapr:
I

l‘
ISK

aer fram tHe bowe I}eva alse
T8 eryor st the lower missile

The Sun Sende Taechnigue

e it

T. The AA? Zun Swunde was develorad esrly in the program far

the evaluvatlion ¢f accuracy of pissile wotational information.

It consista =3sentially of a regular AAP so 'ith a longl-

tudinal slot whish admits sunlight to ¢ phoiosell {Figure 2

The combiratlon ig so asrranged that tha conie bshaves normially

trangalitting rotational Infermatlon by welacizatlion in the noynal

way, excernt thal vhenever the 8lob aweerns past the aun, 3

sharp pip of frequeney moduliation gcowra. Fhugd, & gun Sande

glves two independent rotational pogition Ladlestions. One ig

the normal polacization maxinum indicacicn whoss ABCNFACY wWe

wish to evaluate, and the other is the altl £ the sun pirp

which i3 consid-red aceurate znd uned 3 rd for comparie
S ::‘,fi :acic,» xs is

meagured Trom the recc;dg &r:G 12 g¢all
(spe Pigure 3}. TFrom the geomater of
sun'’'s position. hthre tne@?;?zaaL 1lzg angle
This 18 the Sruc angle between the wersie
plane of milgsile votabion. ‘ {
and m:asured lsg tugle is
the AAP rotati

ool Information.
cal and meas: g ﬂﬂmﬁ

son. The angulir 4iffereice betwesn €l
STk

3 ;ﬁmpu eé

‘1 1zd t“e sur in the
i2tween theoretical

tc he the error in

12 a plot of theoreti-

Ao Sonde shot,
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SCOPE OF SHIPBOARD TEZT

8, During the week of 15 Septcmb@r 1952, 35 sun sondes

were fired from the #2 turrei of the USE pACON. The sondes
were fired in cegular 8” /5“ inert projectiles rather than

in AAP, By reducing the gun pwuaall nt charge tce 10 pounds,
the initlal valceiby of these rounde was held to 900 fi/sec,
and thelr spin rate became of the sane order of magnltude as
that of the AAP, Tals wss done 30 that the recording and
analysis of the sul pips and scnde slgneture would not be une
necessarily ccomrlieated by & kigh projectile splin raze.

9, Vertically pelarized antennas simllsr to these whlch will
ultinately b2 ased in LAP weme mounted en the bow, #2 turret,
and Mk 37 dirs:tor, (?1$1 s 5, 6, and 7). In zddition, s
helical antennd of the type asad te comrand LAP was mounted
on deck at the starboawd rail alongside the #2 turres. This
helical rezelving antenns wes us2d to checll, by rech:
relationg,; the power required o commsnd the AAP frow
board. & hnorizcentally polarvized antenns 2ed »o check
certaln theoratical PSp et of the =23 rectlon. 16 was
meunted on deck at the stsrvboard pail ?,'u'“' the #1 turret.
The signals from thzse five antennas wewrsy nted {after
pre-~amplificaslon and ccenversioni to an 1n w-nt t=uck lashed
on the deck afb, whaxe thes were recoyrded wes 3, 9, and
10). Recordinge were mode of the pifteh sud LL of she 8h¢p

\..t_‘u ¥
by motisn nicture pnotography ol the dislz of the Mk 41 Med ©
stable vertisatl in the naiﬂ plo.t“ub votwm, However, theﬁe
records were of little walue. The S8es was extramely calm dur-
ing the test, 32 that thc piteh and roll motlon of tiie s8hip
waere of the order of 1 or 2 degrees. The mathed of photograph-~
ing the #k 41 dials was such that tta&e wall motions could
net de accurataly mzasursd.

U

1

SRIFBCARD SUN SCNCE DATA

Gensral Character of the Records aad Intarpretatlon

il. Lag zngles betvean the major mazimum {sonde indicated
vertical) and she sun piy nave been mzasuved on 51 recordings.
A pzyition of a Ly%lﬁal nict of theoretical and measured lag
gaglag as a Tunetion of time for a gingle satenna and single
sun fonde rouw:d 1z shown on Figare 4. Thiﬂ ‘3Qv is for zow
Bi.EY flred at elsvation 32 degiees, twealin 00 dngreeug reoc
from the tuerss antenna. Only 21 zecords he‘a A&d and
plotted i such éa&aila The remainder were sampled st each
tenth polint, and \ings wers QGnEi“vﬁ;& 3& be reprvesenta-
tive of the Q;,;wr

i

12. Figure 4 1llu3irates %he &&Jvf”L nature of Zhe errors.
There 12 slawly varyiog epror of about 1 gecond perlod, and
superinpeesd ¢n This is a rapid Zlueteation of veriod sbout
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one--tenth second. It is belleved, on a theoretical basis,
that the slow pericd fluctuatlonsz are due 5o geattering from
the ships supa*&**“cture n conjuactlon wilth reflectlions
from a smooth zea. The wyapid Tlvetuatlons are balieved due
to a comblnat.on of 8ea roaghu sg and Instrrurentstlon errors,
with & very snell smount being dve to inaceursey in reading
the traces. Uhe principel contrivubtlon te the qut mean
square gversge errop 18 made by the slow fiuchtustions. For
examnle, in Figure I the smooth curve was drawn by eye BG as
te average ouvt the wapid fiuvetuation. The rme error value
over the complzte suoothed curve 18 2.9 degrees wnlle the rms
errer ovey the unsmeothed curve 18 3.3 degerees; hence, the
rapild f]uﬁau¢t4un conteributen only 0. h degi*=es To the rms error.
Other rounds anaivzed in this way have shoun similar error
breakdowng. Since this rus error, assuming & normal error
distrlbution, 1s the stendard devistion or algna af the slteer-
ing, it csn e concluded that the slow varlatien tdue prin-
clnalily to @"=ttu"1pg from the ships st 2} iz the primary
cause of 3teeirlng Qlrecilon dispswsicn.

ac¢

2
€L

~

13, Table 2 oa complele sunasry of all the rounds analyzed.
(3¢} - ]

ar2 tabulaied Tor each round 21:d each antenna
along vi: r pertinent inforwation. %Yheee rounda for which
the antersz were not eievatad are tanulsted sevarately
sgncg thes pa?t o whe xain body of data, but were

run Lo fu_“i;m the theors :ical ar:d NEL prepnlisa that the 30-desgree

'n o
[anadig I REN
Vo &k

L

~
J - o

.

o

-

antenne beam elevation wzg suparicr o 2ero elevation. This
confirustion =2 spparent. o alues of srrer for each
sntenna, averazed over all =, sl30 prasented in Table 1.
These over-ali vaiues conflirm the NSL indilcatlon that the diren-

zor lecetion L3 She worst of the three and indicate that the
turret and bor Zocatlong ars asquivelent., Similar cver-all
flgures {from the IEL datas are presented In Table 1 for conpari-

B

1%, The dazta in Talle 1 has Tear aversged for esch anterna
over all of the rounds fived at the game angle of train.
: ' h Gab the form o rag error ve angle
again the VEL trend {larger
rain) 18 conflrmed. It ahould
= shote the bow antenns Wad
; s ceount for a large part of the
evyoy dpevease av 150 dasgrees Jor Thet artonna.

apy&remﬁ effect of misellia elevatlon on the
300 & This Taet is scmewhst Qiflfi-
e (AP gihw“ the elevation of csaeh misgslle varles
fuuguz Flgure 12 iliustratss the arngular srpror
sngie minua theoretical lsg angle! a8 recsrded fyom
zung from 3 oweounds fived a7 rrgenr elavation,

e - TA

:
b
o,
g

U ¥
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The three rounde shown are among thoze in which only each
tenth point wae measured in order to shorten the analysis
work. These plote lndicate no significent lnerease in spin
angle 2rror &3 the rounds appro2ch the water. The splash
peints are noiesd and the curver are carrizd tc within abeout
100 feet of the water.

The Tranglator Prediction Problem

16, The experimzental lag angles whish have bheen compared with
the theoretical toe obtain Figurea b, 11, =nd 12 and Table 1,
were meagsured as desceribed in Flzure 3. 1In obtaining this

lag angle., no attempt was wmede ©o sSimulete the AAP translator
speratlon or Lo find th2 &pin angle errcr which an astual
translator woild make in deriving spin information from the
recelved signal (Figure 3). OFf course, the cperation of an act-
ugl traaslater 38 hayond the scorze of this report, but 1t must
be yecognizad thet In obtaining the meagsured lag angle we

have u3ded a proecedure wnileh 1s not avaliakle even to a perfect
tranglator. He have checlsd cur theoretlecgl laz angle against
a measured lag angle sbtainsd by interpeletion. An aetual
ranslatey musi extragolste ingitead of Ilnterpelating since

ite task 13 ©ty gelect im advancce the correct time at whieh

e commanc. Lt 1s 0f no value (o know the correset time after
that time has »ngssed Thereflore, 1t cannct baszs ite computation
on the times of cecurrance of z2uccesdlng vsalks.

17. Tne trezaslator, 1n practice, kKeeps a runaing vecord of the
interval betwsen AM peaiks, and predicts the rotatlonal position
using the time of sreuvrrence ci vhe ls8t poak, and the rota-
tional rate wiilch 1t has stored “rom precsding syveles., This
stered rate may b2 an sverage oi feveral precedling c¢yeles, or
merely the rate of the last ccomplete 2yels. In any case the
translator praedictlon must be based on the rala of preceding
eycles, and nos or. that of the present cne. In fact, the sliu-
aticn is sopewhat eomplicatsd by the rocket snd Tilter delay.

The illder delay and burninz time of the voclat in the AAP
mizdile are such that the command e ateer must be given &bsut
QUG dagrees before the portlon of the signal corresponding to

the correct missdile spln angle sypears at the translator. There-
fora, the translater must predict spln angle Prom 9C to 450 degrees
1n advance. CJor example, 1f it is deslred te sieer at 89 de-

greed past a particular AM psglk;, the command must be gilven

1 degree before the peak app2ars in the translator determined
vy w=asurensnitd invoelving stlll sarlier peaks,

a o

5 lgure L3 presanis8 & mnoere
b ey oot T Vs - o g 50 i -y 7
tie spin angle eyrror of a pert

“ 7 K 3 o T e
{1} ig bLased upen spin 3

{2

vealistic method of predilevinx
t translator. Heasured lag
durring the orecedlng cycle
¢ oen the average gpin rave

A

and mezanrad log i
during the Ghice A short ssetlion of roeerd
ES-8% nas neci analyzed by thess two methoeds and Figure 14

predents the rosalite, conparing them with fhe method used for
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the remalnder Wf the data In this report, 43 ie&**lnea in
Figure 3. Ho ¢ “nifinam? dinrefengo is aznvarent. ‘hils Jack
£ significant d‘f evence is falrly unde%ﬁ :rdabée aiﬁvc it
is to Le expecied on & t? oreticel Dasis that She change
from the interncliation to exib “ro}abian wonld seyve Zo accent=
uate the rapid filuctuvetbticn in measured iag angle {*1gUfu Y
while having 11t<le oy no effect en the sicw fiuctuwasiong.
Since the slow fiuatzat;tmﬁ aonetitate the rajor connonent of
the error, an lncrease In the umﬂ'”rm e of Lhe rapid fluctua-
tion snculd have little &l : ne i s B TeAr. 8Guare wntil
the two 4ypes of floctustion besd COmpPIAL A
a rougher sea 3uwcface, it 1ls pos s:bTP that the ra
tion mey becom: comparable T3 o gragter ;he 55nn
fluctuationse, in which ¢=s~ the eztranc! cagulve
translatoer may raesult in conzlderably '.: POYS Lhan
meagurenents by Interpolstion would indl
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2. Plgurre 05 predents a pertinent vav?iOQ of sn LAP kill
study wnede In the Waapons Analysie Divisgion of NUL. The
target and director data ore faken from dﬁ setual S-1 type
plane run at th: Thesapecle Bay Arnex of trhe Naval Beszearch
#un orders were taken frO? e Kk 1 cﬁmputery and
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