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Fig. I. The prototype buoy system, shown above, was develeped =~ =
during tae research rcported herein fer the U. 'S. Haval
Cceanographic Office and the Office of Haval Research
for the Hysurch Program (a hydrographic survey and , .
charting system). The photo was taken in the Great
Bay estuaiy rear Portsmouth, N. H., which proviced |,
ocean currents of two knots for parts of the full
scale experimental study.
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- RSSTRACT

Trds docurant reports- the results of an analytical désign
study and a prototype experimental program wihich investigated the
characteristics and performance of a buoy system for the U. S.
daval Uceanogrepnic Uffice Hysurch Program. The buoy system ser&es
as a reference station for a hyperbolic navigation system for coastal
hydrograpanic ;urvey. ‘Tne work reported herein consisted cof an
analytical evaluation of several classes of buoy systems,'a detailed
design of a prototype system, an experimental program with a full
scale prototype buoy system in tuo oceanic;eﬁvironhents, and an

Mo

evaluation of tie operational characteristics of the prototype sys tem. (

wire moorad surface puoy configuration can provide vertical stabili-
ties of less than eignt degrees variation and a watch circle of ap-
proximately ten percent of depth, in sea conditions of up to Sea

State four and with ocean currents up to three quarters of a knot.

. ——

The prototype evaluation showed that a highly compliant taut- /l'-
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I. BACKGROU:D Mstv OSJECTIVES OF THE

- BUOY DEVELOPHeHT STULY

A. IHTROSUCTION

In February 1967 the Experimental Agtronomy Laboratory at the
Massachusetts Institute of Technology undertook a feasibility study
of a new hydrographic survey and chartiné system for the U. S. Haval
Oceanographic Office. The results of that study, published in
February 1968 is a éystem known és Hysurch (Hydrographic survey and
charting system).]* One of the central purposes of the Hysurch System
is to decrease the time required for the acquisition and processing of
data associated witih hydrographic survey work. Fbr a detailed des-
cription of the Hysurch concept, the reader is referred to Reference

1 which provides a rather complete picture of the Hysurch system.

B. NAVIGATION SYSTEM CHARACTERISTICS OF HYSURCH PROGRA

One. of the key ingredients in the Hysurch system, is the ac-
quisition of depth information by high speed sound boats. These boats
trave]%ng at speeds up to tnirty-five knots, use acoustical sounding
techniques to acquire water depth information over the path traversed
by tne sound boat., For charting purposes, it is critical to know the
position of tie sound boat to correlate with the acquired depth infor-
mation. The Hysurch system proposes that & radio-navigation system of

2,3,4,5 be used. A description of how a hyperbolic

the nyperbolic type

*A1Y superscript numerals indicate references listed in Appendix I.
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system works, is given in Reference 1 and is quoted here.’

“To set up i iypervolic navigation grid, a logistics boat <eploys
a transmit-receive buq& (a slave station) within a mile of shore near
an endpdint of the whole survey. A monitor craft nominally twenty uﬁies
- of f shore near the center of tne to be surveyed coast length, has a'
similar transmit-receive stétion called a master station. Tne radio
waves emanating from tne slave interfére'destruciively with or cancel
the radio waves from tne master at very nearly fixed points on the
earth (as long as the stations are securely ancihored).

These points all lie on a iyperbola as shoun in Figure II, heﬁce,
the name hyperbo1ic system. Tne hypevﬁo]as are called lanes. How sup-
pose a secend slave stati;ﬁ is deployed by a logistic boaf at the other
endpsint of the survey, again ancnoring within a mile of shore. Seventy
miles is a ncminal slave-station-pair separation. Slave ilo. 2 also has
a transmit-receive capability, on the same carrier frequency---1.5-2.0
Hiiz---as both slave do. 1 and the master station. This sets ué a seconﬁ
set of nypernolic lines of waves canceilation. It will be seen from
Figure III that the two sets of h}perbolas intersect at various angles °
making up a radiation net. If, now, a sound boat is traveling acrosé
this net, it will locate itself within tne net if:

1. It has a radio receiver that can count the hypei-

bolas the boat is crossing by noting the rise

'and fall of the received signal. This signal ' o
always reflects the degree of cancellation of
the waves from the master station and one of the

slaves. Tne signal goes nearly to zero (or to

a minimum) as a lane is crossed.
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INTERFERINCE OF WAVES
COMPLETE CANCELLATION:
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MASTER
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< STATION

Fig. 11 Hyperbolic lancs creoted by concellotion of redio waves from one slave stofion
1o onc master station. .
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2. Jhica slave is being received, ile., which
hypertobz set is beirg counted is Cetermined
as folloss: Each nyperbola set is sodulated -
with a different tsoe ouill into the master
and slave stations. Thus, the tuo tones, de-
modulated at the receiver, are s-eparately used
to comt kyserbolas or lares on the two sets
of lanes. )

3. Finally, the master station aboard the monitor-
craft can knos vhere it is all times relative
‘to the slaves, and can ;.ceep track of its posi-
tion, that is, keep stationed about tuenty miles
of f shore,— accordingly. It does this by dual
ranging on its slaves. See Réference 1, 2, 3,

4, 5, for more details on dual-range systess.

C. GEAERAL PURPOSES OF sUJY DESIGH STUDY

The Hysurch System, then, requires buoys as slave stations for
the ra&io navigation system. As one can surmise, the accuracy of lo-
cation for tnese buoys is of critical fnportapcc to the performance
of the Hysurch System. Uncertainty in the slave station position
places a similar uncertainty in the location of the sounding boats,
hence an error in the positicn associated with the received depth B

sounding data. An error analysis, by the M.I.T. group, indicates that

buoy location watch circles should be approximately 10 percent of water

depth, for shallow ccastal weters of up to ebout two hundred feet. |
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The purpose of tae prograuw of research reported in this docuent,
ves 10 ccaduct 2 siudy of wzriouws by configuraiicas which 'uig'nt acet
the perfonance requiresents, and to do a_full scale protoiype in situ
ev2laation of -tne system or systess rost likely to provide tne requisite
ch_sracteristics. Tais report contains 3 review of the design study, a
discussion of trade offs associated with various buoy and =voring con-
figurations, a description of the emcriu;mt»al progras under #ich the
prototype was evaluated, and a revice of the operationa! characteristics
of wne design:2d buoy in ocean currents up to two knots and uave condi-
tions equivalent to approxicately Sca State 4.
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Ile oUOY SYSTcH xSIGE Alv RIALYSIS

A. SACKGRUGD )

There i-s consicdercdble interest in taut-uire roored surface buoys
on- quasi-stedie p’atforss for ra-dio-navi gator stations, particularly
for hydrogrephic survey syst:e:s.I :6
in either tne dual-range sode or the hype-tbolic mde require radio fre-

Radio-navigati on2 systess , working

quency tramspencers at tro "fixed® slave stations and 2 master station
at a tisird location. This report is concemed with the design and
evaluation of a buoy system witain which to sount such a radio-navi-
gation system to seirve as a "fixed® slave s—taiion. This section of
the report will discuss the specification for such a buoy s:ysten, 'the ‘
design altematives, two specific buoy systems, and the coaponents

which micht be used for an oserational systom.

B. 8UUY SYSTE: SPECIFICATIOHN

Various strategies for survey navigation systems were consicered
by 8lood, et al, in reference 1. Based upon the recomnd;tion, by
slood, et al, that the Hysurch System should erploy a hyperbolic navi-

ation chain, ervor analyses were conducted to determine the navigation

.«quirements for Hysurch. Tnis error analysis, revealed that the 3o-

~buoy position errors over a region of about 70 x 40 nautical miles

should be kept below 52 feet due to all causes. !

Both Blood, et al, and the U. . H. group have investigated

the inherent position accuracy capabilities of radio-navigation systens.
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nppendix 11 contains a pulisied survey of electronic positioning
systesc. The H.1.T. s::rveyl and tae U. d. H. indepencéent suricy
strongly suggest ti.:at tae follosing navigation system should be con-
sidered further for Hysurch application (not ranked):

a) Hi-Fix, by Yecca Survey Systess, Inc. -

b) Raydist UR-S, by Haysings-Raydist, Inc.

c) Sea-Fix, by vacca Survey Systess, Inc.

Manufacture data and an analysis by tfigelou7 generally suggest
that tac abowe radio navigators can indicate position with an accuracy
of 25 feet or less. Available data does not, however, evaluate these
systess under conditions similar to those which will be encountered in
ilysurcn application. Analysis was conducted of a hypervolic chain,
using the manufacturer's publishad accuracies of a standard deviation
of 0.01 m=an lancs. This review suggests that accuracy fontoﬁrs over
a2 70 x 40 nautical miie grid covered by a hyperbolic laitice are in
the ierst case 8 meter (26.2 feet). To obtain a specification for a
buoy slave station which will have tais basic error of 8 meters, let
us 2¢d a 0.01 lane error for the master station position. A review
of Appendix A6.3 of reference 1, indicates that a n;aster/station po-.
sition error of 0.01 lane results in approximately 3 meters (10 feet)
error for the worst case. Tho only remaining errors, will be buoy
movements. Starting with an overall position system error specifica-
tion of 52 feet, of which epproximately é6 feet is basic er.ror in the
hyperbolic lattice and 10 fget is provided for uncertaipties in cor=

rected master station position, one has about 16 feet for buoy pdsi-
1

tion (watch circle) uncertainty. Since the ysurch system proposes




buoy installation water deptins of !5 o 150 feet, the buoy position
uncertainty of waten circle spacification should te approxieately 10X
of the deepest water depths proposad. Using tinis sisplified analysis -
& a basi;, the following specifications for watch circle performance
were set: .

1) Operating Deptias - 15 to 150 feet.

2) Match Circle - Approximate 102" of Haximum Cepth

M analysis by Quinn (ref. 6) indicates tnat vertical stability
of the bucy of -+ 20° will provide the necessary antenna gain for the
system to operate xuithin specifications. This analysis, assumed a
X0 foot ship antenna, which corroborztes tae published data_ by Decca.
Based upon these analyses, the vertical stability speci fica‘tion wa;
set at:

3) Vertical staoility of buoy: =+ 20 degrees off vertical for

- Sea State 4.-

The specification set by reference 1 for ocean currenis was
"each unit will operate reliably in the normal configuration in Sea
State 3 condition or with currents of 4 krots in 100 feet of water.
Hith a supplerental ancnor, each unit must survive a Sea State 4 con- .
dition for one week or currents up to 7 knots in 100 feet of water”.
_Base_zd on the state-of-the-art for buoy systems and based upon discus-
sions with Havoceano personnel, tine ocean currént"'s;evc'i fication, during -

normal operation, was set at a maximum of two knots.

4) Ocean Currents: 2 knots (Max) coupled with Sea State 3.
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The vertical Stability requiremonts in a State 3 Sea in effect
set specifications for the sea wave conditions under which the buoy

system must function. The Hysurch specification] of Sea State 3 sug-
gests an Hll3 = 4,6 féets. Hovever, the Sea State 4 requiremeﬁt set
in specification Ho. 3 above indicates that.the sysiem must be able

to perform under conditions of H]/3 = 6.9 feet. There is often diffi-
culty in setting a specification in terms of sea states because of
anbiguities in ocbjective interpretation. Theréfore, an additional spe-
cification beyond the sea state specification of item Ho. 3 above is
included. This specification is based upon data available through the
U, S. Haval Oceanographic Office,] which shows that seas with 5 foot
average waves or less and winds of 17 knots or less are to be expected
80% of the time. These figures are based upon annual averages of com-
bined data from the Vietnam and Horth Atlantic areas. The system

study]

assumed that hydrograph survey operation could be conducted 5
out of 7 days, or approximately 71% of the time, on the average, which

is consistent with the 80% assumed above. Hence, the wave and wind

e

specifications vere set at:
5) Wave Conditions: Hy 3 < 5 feet from any direction
6) Wind Conditions: Vel < 17 knots from any direction
Other operational requirements were irdicated by the U, S, Naval Oceano-
graphic Office during the design of the study reported herein:
7) Anchoring Topology: Anchors must function in a Specérum
' of bottom conditions, ranging from
marine sediments to rock and coral.
8) System leight: An operational, air-deployable system
should weigh no more than 1500 pounds in-

cluding anchor and all buoy sub-
10
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9) FKethod and Duration
of Deployrent:

systeis. A ship deployille system
should not exceed 2509 pounds. Tie

buoy should be carable of cartying"

200 pounds of navigational elec-

tronics and corponents, witihin the
overall operational weights given

above.

An operational buoy system should
be dgplqyable by helicopter or sur-
face vessel in approximately two (2)
hours. Once inplanted, the buoy-

should function for 5 days.

The above specifications serve as a basis for the University of

New Hampsnire design study, reported nerein. Tnese specifications are

sunmarized in Table I.

11
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TASLE T h . .
_ BUOY_SYSTEM WESIGH SPECIFICATIONS*

Specification for a navigation slave station buoy

1. OPERATIANG wATER DEPTHS . . . . . . ... e e e ... 15-150 feet

. BUOY WATCH CIRCLE** , . . .. .. .. ... . 10% of Haximum Uepth
VERTICAL STASILITY OF 8UOY . . . . .. .. .. .+ 20° off Vertical
OCEA? CURRENTS T0 BE SUSTAIWED . . . . . .. .. .. Up to2 knots

(34 o+ [N N
.

. WAVE COMDITIONS . . & v v v v o o 6 e o o o o ¢ o H]/3 < 5 feet
WId COADITIUNS . . . . . . .6 ¢ & « & . e « o -« Vel < 17 knots
ARCHURING TOPOLOGY . . . . . e ¢« o 66 oo s o o o Frommud to rock

(o] ~ o
L] L] -

SYSTEM WEIGHTS

Air Ueployable . . . . .. .. ... ... .. 1500 lbs (total)
Ship Deployable .. ... e e e e e e e 2500 1bs (total)
Havigational System Payload . . . . ¢« « « « ¢« ¢« ¢ « . 200 1bs

9. HETHOD OF UEPLOYHENT

Air veployable . « . . . o o o oo oo .. ., Highly Desirable
Ship bLeployable . . .. . e « o o o s o o s « o+ o Acceptable

10. DEPLOYHENT TIMES

Time for Implantation. . . « ¢« ¢ ¢ eoe v 0 o 0 o o . . 2 0rs
Survey Duration for which buoy is re¢'d . .. . . . . . 5 days

fevan rma
-
-

*  The above specifications were used as guides to design a prototype
navigational buoy system. An operational system will have speci-
fications which are dependent upon the results of this design and
evaluation study. .

**  The watch circle is that circle within which the buoy will most
probably be for the wave, wind, and current specifications.

12




€. URITICAL VRIiLES TE WY AALYSIS

— i - - —————

Assui2 one Jas a taui-sire mooring as sketcned in Fig. 1v{a). Tie
taut-wire can ve generally viewcd as shown in Fig. V. If we confine cur
analysis to coastal installations, tne water depth mignt be, say, 200 feet.
As will pe scen later in this analysis, the taut-wire tensions should be
in the range of 2000 lbs, in order to obtain "small" watcih circle perfor-
mance. If vie assuiie a drég on the cable (u), -uve to 2.5 knot current, .
to oe 2.4 1o/ft, then we can determine tne caténary formed due to curvent
drag alone (that is, we'll neglect the weignt catenary effects, since the
cables which migat be used in a taut-wire mooring have distributed weight
loads which are at tne most 10% of the distfibuteé current drag effects).
If:

Tension at end of cable = T

Tension at mid-point of cable - Tb
Length of the cable = L

The chordal sag = y

Tne angular difference 0, = 0, = 22

and if T0 = 2000 1bs, tnen using standard catenary analys}s, we find

that:
TO .l
Y= (cosit ?%"" 1); assuming that
u = l-'t
y = 3.3 feet .
= To cosh g%— ; neglecting tne effect of pp }
0
T
3 =cos”) L = 1 ‘
T 1.00405
3 =5°
f 13
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Inerefore, !;2 - "l = 10°. 3ased on liis sisplifizd énalysis, coe cen

6 sce thai tae chorda) saq is winiegal, srovided e are ¢c2iing with shelles
i watcre {<200'). Taercfore, for tae critical varizbles amalysis will as-
sue2 tnat.the ceble is straight, tnat is, no catcnary is present.

A sisplifiec free vody analysis of a straigit t2ut-wire @oored broy,
(noting that the watch circle of 105 of maximum d2pth specification re-
quires that o < 3°) reveals that:

TOTAL D2AG FORCES Cd BUOY
ACTIVE SDOYAICY OF sUOY

wmamen o

tan o =

i tan 3° = 0. 0524, which suggests that total drég forces on
the buoy sanculd be less tnan 5% of the achve
buoyancy of the buoy

_ Tae critical aspect of tne buoy design problem then is o keep the
total drag foice on the buoy small cospared tc 1et buoyancy cf buoy.
Tnerefore, we seek a favorable drag to di'Splacen'ent ratio, unicn we

. will cail (a).

D. vESIGH ALTERHATIVES FOR sUUY SYSTEH

The scope of tnis report is not such that a detailed analysis can
be included. A theoretical analysis of a taut-wire mooriﬁg is being pre-

pared in companion report. A summary of the analysis approach is given

pelow:

o T B 2 S AL WA g S AR G410 S B UV Sy

1) A variety of buoy shapes were analyzed in terms of drag to
displacement ratio to determine favorable config(n*ations.

2) Favoraole buoy shapes wnicn are commarcially availaole, or
wnich appearcd to be relatively easy to manufacture were

analyzed to determine watcin circle behavior, pitcn and neave

' characteristics, and other performance vaiiables.




3) Ruo prodsing é=sim coafiguraticas were analyzed in detail.

AS an eviplE of L2 dreg to Gisplacer:cnt ratio revies, one finds

Q"

for cermarcially availible brays tae following A values (tiese are the-

xost optisistic figures for 2.5 knot currents).

a) 5' Soherical swoy A= .047
) b) 8" Toroidal Buoy A= .02

c) 6° Parabolic suoy A= .014 ‘

d) 8' Parabolic Buoy A = .06095

Since A is a measure of the expected watch circle, a small ) is the most
desirable. The above buoys, among several o_thers, were analyzed in de-
tail to odtain performance cnaracteristics. For example, torpedo-shaped

buoys, such as tne noreywell Buoy and tne plenk-on-edge were discarded .

because their sea-keeping charactaristics in uaves and surface currents
’ leaves mucn to te desired.
f Basad cn the detailed analysis of expecied performance, the 8'

Parabr;lic Buoy was sclected for detailed design (a computer analysis of -

this design will be available in another report to be published in May

1963).
A simplified analysis, used prior to the computer study, revealed - .

that an 8' parabolic buoy in 80" of water, with a 2-knot.current and 21-

knot wind (sea fully developed) will have a watch circle in the range of

25 feet to 50 feet, with the most probable being 2 feet. An i'ndcpen.‘- -

dent analysis by another organization suggests a watch circle of 41 feet.

Toe analysis do not reveal reliable predictions of vertical stability.

The 8' Parevolic Buoy had the "best" cxpected performance, even

- tnougn the watch circle projections were out-of-specification. It was

17




TS+ S S S = e
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deciced that expericanls saould be ciniducled to drteruine (e ecteel
perforznce.  Tne malysisc hed een nichly censeryelive (o ecoomt for
tae lack of c¢etailed hydrodynzuic deta on the configuration. Thera2fore,
it was felt thet the projected 3° watch circle uas a conscivative es-
timte. Thus, an enginecring prototype cvaluation was proposed ¢nd ac-
cepted by the U. 5. daval Oceanograpaic i)ft:ice. vetails of taat evalua-
tion constitute a major portica of the remzincer of tais docucent.
secause of the uncertainty in the perforzance of the 8' Paradolic
Buoy, a second buoy was considered. Tae Sea-Flyte, as tnis second buoy
becaze known, is based voon thg concept that a hydrodynamic lift in
proportion to the ocean current can be generated by an airfoil section.
As tne ocean current ?ncreascs, the lift increascﬁ, wiich is precisely
wnat is needed. To obtain the mooring wire tension nseded to produce
small watch circ]gs, a hydros tatic buoy ﬁust use displacer=nt to obtain
the®active buoyancy forces.® In the nigh current environmznt, the neces- -
sary taut-wire tensions cen be augmented by hydredynamic 1ift. Tnis
concept was used in a buoy designed and dzveloped in conjunction with
Arbgn Karine Products of Long Beach, Califomia, and is descrived in
Appgndix III. A pnotograph of the wing séction, prior to final assembly

is shown in Figure VI.

[4
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£, 1XSICI OF Lbu¥ SYSTeY

o Tne vuoy sysicw:, shown in Figure YII, consists of scven major
i ) .
j coxpoucut sections.
!

1) Surfat-ze Buoy

2) Antenna

3) HKooring sridie

§) Coepliant Taut-iiire Hooring
5) Ancaor

6) Sea-Fix System

7) Instrumentation and Power Supplies

SURFACE BUOY

-——y

The analysis of possible surface buoy configurations suggested
that a horizontal attitude PARA-BUOY* would come closest to meeting
the specifications. A standard eignt-foot (8') buoy, model 8-200
was selected. (Manufacturer's cataleg informaticn is shoun in Figure
VIII) To accomsodate the radio-navi gation trensceiver, instrumen-

tation, and pozer supplies, four (4) 12" Dia. x 32" Deep instrument

el s ARG 5 W APV 41 YN S W °

compartments were designed into tae buoy (Tne orientation and loca-

tion of these cumartments is shown in Figure Vill.) The four com-
partrents contained:
Compartment 1 - Sea-Fix Slave Station . -
Compartment 2 - 3 Lead-Acid Batteries (24VDC Supply)
Compartment 3 - Engineering Evaluation Instrumentation ,
Compartment 4 - 3 Lead-Acid Batteries (24VDC Supply)
" *A product of Prodelin, Inc., Higatstoun, nicw Jorscy.,
20
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- . — -
o vy 2 f
Vi sctemna——-——nn

I !
H
'
1 9y
_ 28.9
E == Y.
f - I )
3/32" Stainless Steel
Guide Wires ) - .
— | 11 g' .
] A
J\
i} 4 3 Antenna
. ::-, ._E_—'u-Load Coil Y 1 '
{ S e
’ Radar Reflector ) 4" /
3/16" Galvanized Guide Wire-- A

Galvanized Tripod Legs
1 5/16" pia. —

=

8’2 /]

200# Para Weight

‘ Figure VII

Layout Details of Parabolic Sca-¥Fix Buoy
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Tnz buoy is cons tructed of aluminum, wita spun parebolic ncads. - The
( welded buoy is polyuretnene foam-filled to assure buoyancy. .. The
aluzinum is- treated for cotrrosicn resistance and painted with epoxy °

paint.

ARTERRA . - )

Tne tiysurch System requires rapidly deployable slave buoys. A

-

30' rigid antenna presents some obvious handling difficulties. 3ased

PR L)

upon consicerzbie study, it is recommended that an operational budy be
designed with a STEu* Antenna. Stem antennas are coiﬂaps'ib‘]e antennas
wnich can be stored on a drum, much like a clock‘spri_ng. _Upon un-

reeling tne spring, the strip of spring-metal overlaps itself forming . _

a inign strength twbular antenna (Détailed information on Stem Antennas

c is proviced in Appendix IV).

Tncg. major cbjective of the study reported helrain, was to deter-

3 mine tne feasibility of using a buoy as a na'v_igation slave étation, and
since tiie stem antennas are relatively costly, it was decided that a
solid wnip antenna of conventional design would be used for these en-

gineering studies. The stem antennas are recomnended for an opera-

tional system; however, additional analysis and experimept on s tems
snould be undertaken prior to the final design of a buoy. Tne dynami ¢
resgonse of a stem antenna, of the lengths conté'n':ii'té-d’i”or: the Hysurch

buoys, remains an unanswered question, in our opinion. (Appendix IV

does include the results of some sea tests on stem an@enn.as for.the

9

Gemini spacecraft in - State 4 Seas.)

*.1 ancenna product of Spar fcrospace Procucls Limited , loronto,
U satario (A division of de liavilland Mrcvaft of Canada).
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Gl e ol SEENESERL Y S SO

For this stucy, a Columbia* Fedel 222 was undified to produce a-

30 foot (effective r.f. lengtn) anteina. This fiberglass antenna was
motnted on a2 five-foot (5') aluminum stand-off, wnich placed ti;e top
of the antenna approximately 36' above the ocezn surface. The fuppt.zr'
11" of the antenna was not gi ven. additional support; ho-."lever,.c'onsi-
derable effort was made to stabilize the lower parts of the antemna.
Four diamond spreaders (See Figure VII) were. placed in quadrature bg-

tiween tne antenna base and a point 18' above the base wiich is above

_a known node on tiie antenna. These spreaders tended to stabilize the -

antenna from natural frequency oscillations. The antenna was bolted

to the five-foot stand-off, which in turn was bolted to the surface

buoy mounting flange.

,'!'he} mid-point of t'ng diamond spreader stabilizers (9' from an-
t;ar_m.a base) was. supported. by three guy wires tc the surface buoy {Guy
wires vere, in ggneral,'3/32“ stainless stranded ,_wire, terminated with
r.f. insulators and “nicopress” fittings). In addifion, the five-foot
antenna s"cand—off was suppor_tgd by 3 - 3/16'"_ guy wires to the surfacg

buoy. - e

The antgnna stand-off also supporte‘d the oceanographic b.uoy
warning light, the radar reflector, and f;he Sga-Fix antenna.'loading
coil. o

HOORIHG BRIDLE

The buoy was designed to ope}-ate with a tripod mooring bridle,
approximately 8'2" in height. The bridle (See Figures VIII & X) is

essential to the 6peration of the buoy, since it provides the neces-

* Manufactured by Columbia Products, Inc., Colusbia, South Carolina.
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Surface View of Paraboiic Sea-Fix Buoy
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sary rigating moiouts for the specified vertical stovility. The 1 5/]6:‘ '
galvanized tripod legs are belted to tne surface buoy at one end and to ‘
an apex‘yoke at tne otner. Tae yoke provides tne nooripg‘point as well-
as a moufiting point for the dynamic stabilizing w2igats (showa in Flgure
VII as "Para-Heighat*). These weignts have the effect of substantia]]y
increasing tne pitch/roll moment of inertia, which is required. foi dy-

.. 7

_namic stability.

MOORIANG

The taut-wire mooring was one of the critical components in the

" design. Because of the wide range of expected.rater depths and tidal

conditions, the mooriiig must be cepable of accowmodat1ug length chan

The study of nnorlngs was focused on nethods of overconnng tidal varia-

tions wniie st1ll maintaining nnorlng iension and essentially a constant

buoy water-line. As a part of & rescarch program associated with the

Sea-Spider effort of the Office of raval Research, the U. n. L. design
_group had been studying techniques to develop quasi-constant tension
taut-wire moorings. The first major epplication of the quasi-constant -
tension taut-wire nmoring'was dz2veloped for See-Spider I, -The basic.
principle in these roorings is to use a spring-like material with hign
corpliince compared to the deflections anticipated in a désign: This

fact can be easily seen from the basic linearized relationship for a

spring-like material:
' displacement (x)

| Force (F) = compliance (1)
Therefore: |
df _ dx
F~x
27
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which indicates that. the £ change in displacezent results in an equal

?’-ﬁq—--n—-uun-.
.
* gt

change in force. '!'nerefore, the length of the spring-like material
wnder load must be large compared to tidal variations (say 16 fect), -
or the materi aﬂr must be ni gliy cogpliant (note : a constant force
spring is infinitely cospliant).

There are numerous ways of obtaining tnis compliance. In an

operational buoy system, one cen imagine a constant iension winch on

the mooring ccble, which uo_fﬂd serve both for storing of the mooring
cables as well as providing the constant tension.

For the prototype evaluaticn, a relatively simple approach was
used. Tae mooring used four (4) one-inch(1*) giareter solid i!A'{S\'N_

rubber rods, configured as sheun in Figures XI & XII. For the load

levels used, (epproximately 2000 ibs.) this rubber produces approx-

P imately 2.0 1b. per percent elongation per rubber rod, which for
” this pooring resulted in a force change of 50 1b/ft of water depth

change. For example, a 'IO-foot tide would change the mooring-tension
] by 500 1bs. Tnis tidal effect results in the buoy.water-line change of

2 inches, vhica is negligible.

-

The rubber links were secured o the anciior with self-ali gning
mowmting yokes and shackles. A standard undenvater swivel was used
to eliminate torsional rotation problems. A1l shackles were of tie

‘seizable type.

.

- AHCHORING

An operational siave-buoy system, wiich has a total weignt of

1500 to 2500 bs., presents a difficult anchoring probiem, It is

Cooer Trom the figures belox that the buoy system cxclusive of

ancinor cen be built within these specifications:
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« Antenna Scction - 140 1b. . i
- Buoy (with Sea-Fix,
- ) c Instr.,.and 3.4 Kd-hrs.
of 24YUL Pouer) - 720 1b.

Bridle and Fooring Cables- 300 1b.
1160 1b.

Hozever, it is also Clear that_: a deadvei ght"anchqr can not gxcegd
a few hundrec! pounds. Since mooring tensions must be approximately
2000 1b., some other anchor technique for an operational system must
_be Tound.

For obvious reasons, enbedzm-:n’t_ anchors were studied. 1_’m's study
revealed that the "Seasteble”, developed by ‘the H'ational .l-.'aterli ft

Company holds the greatest promise for tine Hysurch application. These

-anchors have been evaluated extensively by the Haval Civil Engineering

Laboratory, \-1'{)0 can supply dstailed reporis. Appendix V contains e

surmary ‘of data on tnese anchors, and a list of ;mc'nor apph‘cations.
To evaluate the buoy performance characteristics, a light-weight

anchor is not necessary; heiice, the anchors used in this study were

similar to the Sea-Spider anchor design, reported in Reference 8,

SEA-FIX

A study conducted jointly by HAVOCEANO, H.I.T. , and U.N.H, per-
sonnel, revealed that the Sea-Fix radio-navigation system 'was the most -
promising candidate for Hysu'}ch applications. The details of that
study are beyond the scope of this report. However, the k.ey factors

in the decision to use.a Sca-Fix system were save station size and

wriniit, aid the avorace pewer requirerents. A dascription of the

syaen, a proposed diesel-canerator paier supply, and genoral

31
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operating characteri;tics are given in Appendix VI (The buoy’ dascribed
in that appendix is not recompended by the authors, but it is included -
in the .appendix since the material was prepared by the Sea-Fix manu-

facturer.)

- -
e

—— @ oam

IRSTRUFENTS ARD POHER SUPPLY

The engincering evaluation instrumentation is described in the

next section. The power supply was a-set of 6 standard 12VDC marine lead-

acid batteries. These batteries were fully chargad, degessed, and seal-

ed prior to installation. .. R
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_ 111, EXPERIMEHTAL PROGRAM

An experimental program was undertaken to investigate the perfor-

mance of a protoiype system consisting of a radio navigation slave sta-
: tion mounted on a taut-wire moored surface buoy. The use of a quasi-
stable buoy as the platfoim for the reference station of a navigation
system poses problems not encountered with land installations. First,

thg buoy location is not fixed; there is a region of probable location,

determined by the buoy dynamics and the local weather. Second, the

B

buoy does not retain a vertical orientation, hence the transmftting/

AR LI R L L e

receiving whip antenna is not always vertical, which can create a re-

duction in ¢ransmitted pozer and vhich can significantly alter the

Pt N e

antenna radiation pattern. Third, experience has shown that antenna-
to-ground plane interaction is critical at the frequencies commonly

used for this application. The warped ocean surface makes it difficult

FERITICRA S C 2R gy

to "tune" the antenna to the radio transmitter for maximum radiated

R Ee

A

power.

The program consisted of two series of tests: one with the system )

T e BAOKY LYY

.exposed to high currents, but relatively light wind and wave disturbance

and the second viith moderate to heavy wind and wave ‘conditions, but

€ A e 4 Aoew

relatively low .currénts. Division of the tests was dictated in part

by physical characteristics of conveniently located water test areas

a3 Ax el s UL

and in part by the desire to identify the separate effects of wind-wave

and current inputs to the buoy system,

\

Three primary mathods of data collection were employed, Two Hild
T-2 theodolites operated from shore-based observation stations were used
for direct monitoring (see Figure XIII). Two Gicnnini Scientific data
cameras , mounted near the theodolite stations, provided data for higher

33
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é“ frequency noti ons of tie buoy. On-board Jnstrumentation was installed

to cbiain records of the buoy dynamic behavior,

" . he ] H

Concurrent with the buoy dynamic testing, a program was .conducted

\ . iry personnel of the Experimental Astronciy -Laboratory‘ at the Massachusetts
Institute of Technology to obtain operating performance data for the Decca

Sea Fix radio navigation system, Juring test periods, transmission was

maintainaed between the buoy slave station and the master station at Race .
- Point Coast Guard Station pear Provincetown (see Figure XIV), Cape Cod,

Massachusetis, and the mobile slave station installed in a.station wagon

(>houn in Kef. &) and’ opérated over.the forthern shore ‘of Cape Cad from

RN PR

- Provincetoin to Cape Ann.

VU

..; ) A. On-Board Instrumentation

The following instruments were installed in the test buoy (see

Figure XV): a two-axis vertical gyroscope to monitor quadrature tilt

R \{
NURPOITSRVI§ TT -+ S SR TR\ C

corponents (pitch and roll), an accelerometer to monitor vertical accel-
eration, and a strain gage tensiometer to monitor mooring cable tension.
- A Summers model K7 vertical gyroscope was secured to a platform on

the instrumznt package which was installed in one of the buoy compart-

PR ISPET RUROR

ments. The gyroscopz was aligned with the buoy vertical axis so that

departure from vertical could be determined by tie readout of the two.

IR PN

quadrature pick-off signals. Bias voltages allewed the net output sig-

.
W ke vt

\ nals to indicate mid-scale deflection on a two cnannel Rustrak recorder

O VL A S O S A S BN YA D Z UGS IR U
Ayoin

for zevo engle of tilt in both axes. Gyroscope circuit connections and S

——

{ calibration curves are shoun in Figure XVI.
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1 f A Kistler modzl- 350A servo acceleroreter was used for vertical
acceleration measureiznts. This unit has a maximum range of +50 g but - ’

- circuits were provided to adjust the opcrating range to + 2 g which was

] t judged to be reasonable for predicted accelerations due to hzaving of

the buoy. This value was based on cstimates of wave amlitudes |

periods for sea states to be encountered during the tests. The accel-

" eroseter was centrally located in the mast of the buoy which was sealed

t;b prevent water damage to the unit. Acceleromzter output was fed to
. oﬁe channel of a second Rustrak on-board recorder which indi ;:ated a
" nearly linear + 10 division full scale deflection for * 2 g output.
Mooring cable tenéiozi was monitorad on the second channel of the
second Rustrak recorder by means of a c_&mpensated SR4 strai~: gage
‘;,/“, . g bridge. The gage elemz=nts were mounted on a special lirk in the moor
L : line and were taped and seaied for protection and waterproofing.
Figure YVIT shoss the Tensiom.ztér Bridge circuit and mounting.
o : Figure XVIIT is a schem:atii: diagram of the acceleromzter and ‘tensi ometer
: circuitry, including battery power sources and isolation ‘operationai -

! ] amlifiers,

3 y ' Tvio waterproof switches were provided externgl to the instrument . .
§ comparitment to control power to the Sea Fix transmitter and to the in--

strument package. Since the buoy compartment covers were fastened wi th-

vou

24 bolts, 'opem’ng a compartment was a major tasi:. The external switches
f - enabled an operator to merely reach over to the buoy from a small boat

. and controi power to the radio transuitter or to th;a instruments and

3 {_ recordars. A small panel rirter to check the charge condition of the

Sea Fix storage batiery supply was alson installed in the instruzont

.
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compartment and vigible through the plexiglass cover. It was antici-

pated that these batterics would have to be recharged pericdically to

maintain the required minimum voltage for proper opcration of the radio

- pavigation equipment,

B. Tidal Current Tests - Little Bay Test Site

The prlmany objective of this test ser1es was to evaluate the

dynamlcs of the taut-wire moored buoy in a high t1da] current environ-

nent. The Bay implantation point indicated ln Figure XIX, was s;lected

to prov1de up to 2 knots of current and off?red convenient shore obser-

vation points. Water depth was approximately 52 feet, tidal variation

6-8 feet during the'périod of test, and current generally in a north-

south direction.

Preparation for the buoy test consisted of first placing the
railroad wheel anchor and attaching a temporary cable and tag buoy.

The Para-Buoy and taut-wire moor as showr in Figure XI was then in-

stalled. Block and tackle loading from the surface was erployed to .

extend the elastic links sufficiently to allow the upper basket sup-

port to be made fast to the base of the.tripod structure with a short

by-pass cable, Baselines were established for the two shore stations

and theodolites and cameras installed.

< . o s e
Tests .were conducted on 26 and 27 August, during whicih a total

of 13 hours and 25 minutes of data were collected. Current and wind

velocity ‘and direction measurements in the vicinity of the buoy were
made to provide correlating data and a small amount ¢f on-board instru-

ment data was recorsed. Theodoiile readings were obtained at five
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southeast to northeast scctor. The buoy instruments, batteries, and

minute intervals antl were synchronized between the two shore stations

by two-way radio. Som= photogrephic data was obtained but diffiéulties :

o

vere encountered with bore-sighting the cemeras to obtain proper fraﬁfng.
Contact with the Sea Fix Master Station (approximately 75 milés away) was
made successfully after proper tuning of the slave transmitter, but a

frequency shift was recommended before the more extensive tests were

" conducted at the Isles of Shoals.

C. Hiﬂd and Have Tests -~ Isles of Shoals Test Site :

Oben water tests cfﬁ;he buoy system were conducted in the vicinity :
of Star and White Islands, Isles of Shoals, Hew Hampshire, during 5 to
12 September, during which a total of 14 hours and 30 minutes of data
were co]lected,- Hater depth was approximately 140 feet with tidal range i
of 8-10 fect, The mooring point, shown in Figureixx, was sclected to ;

provide realistic exposure to wind and wave forces which prevail in the

radio equipment were reinstalled after transfer from Little Bay to the -
Isles location, Assistance in placing the mooring anchor was ohtained
from the United States Coast Guard and buoy and cable attachizant follow- |

ed the general procedure of the Bay installation. The mooring system is

“shown in Figure XIJ,

Observation stations were set up on Star and White Islonds, Data
runs consisted of theodolite readings at 5 minute intervals plus hourly
instrumdntation recordings and observations of current, wind and general

sca conditions. Radio contact between the base stations and with the

sall boat operating crew was mainteined using ViiF-Fii transceiveys.
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Communication with the FASTER and EQBILE Sea Fix teans to coordinate
radio navigation tests was provided by an HF-F} radio system. - S

D. Te;t Results

'
- Sreemms sm AN S AE

- * -~

Test conditions in Little ?ay vere relatively caim, with no storms
affecting the buoy. MHave effects were‘slight{ and the buoy was not sub-
jected to much short duration movenent:".lhe tests wer2 conducted over
apbroximate]y a half cycle of tidal current vhniation, consequently,
the buoy was always subjected to uni-directional current during any one
test period, This tendad to give the buoy a small constant vertical

inclination, e .

. L4

.. - Test conditions .at. the Isles of Shoals were more varied then in the
: v \ - . . ~
Bay. The buoy was subjected to wave, current, tide, and wind efiects.
An approaching stovm produced sea states close to State 4 on 10 Septem-
* ber and a full gale caused tests to be suspended on 11 Se¢ -iember (see
Figure XXI). Final tests on 12 Septenmber were not valid since three
of the four elastic links were discovered to have failed sometime
during the stori and the buoy was suspended by a single link,
Test data characteristics are summarized as follows:
Theodolite  Visual observation and manual recording.
High quality data. Five minute record-
ing intervals, [ata reveals buay watch
circle performance. Estimated values of
maximum antenna tilt obtained, -
*  Data Canzras Check on theodolite data to support val-
idity of taking observations at five min-
ute intervals. Antenna ti1t angles are
readabie. Little Bay data fair to good,

Shoals data poor due Lo focus and bore
sighting difficulties.

Gyroscope TPl angld and peviod cbiained, Tw
chamnals of data recordzd for part of
test period. One channel becaw2 inter-
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., mittent but the second channel provided”
! useful data for the Shoals tests because
: of the random yawing of the buoy.
. .
Accelerometer 'Periods and maxinum values of acceleration
' : . -obtained. Rangz of acceleration was only
; .10-20% of anticipated value.

- Tensiondter -Cable tension data obtained for short per-
iod of tests.- Failure in tensiomater cir-
; t . cuitry resulted in intermittent operation,

Theodolite data, recorded and processed by personnel from the {. 5.

{ [

"Nava]{OceanqgraphiczOffice using the Universal Transverse Mercator Grid

10

Codrdinate system ,'was’convertqd to conputer plots showing the buoy

excursions for each data run, Reduced data for all tesis is'included
as Appendix‘VII. :The conputer'plots are shown in Figures XXII and XXIIT
,.far the Bay tests and in ngu(ag XXIV through XXIX for the Shodls tests.
-, The Tost probable }ocat{on of the buoy for no win&, wave or current

- ' - G aww 3 . ¥)
: disturbapce at each site, X,Y , was combuted by averaging all coordinate
: ]

data recorded for the site and is’ indicated on each plot to provide a

!

reference for buoy. motions. Although this point is rot precise, it does
{ - i ! ' .
représent a best estimate, for the true location of the mooring anchor

¢ f . f - . .
and the undisturbed buoy directly above it. Current and wind vectors for

f L ' i
one of the ‘observed data points are also shown.
' ! )

A tebulation of Apparent Buoy Motion for each tesi day at Little

¥

{ { . LI . .
be interpréted as the maxinum excursions of "the buoy as sighted from

the,{heodolitq'shore stations. Excluding the 12 Septeedeyr test which
is. invalid due to the Joss of thiee elastic links in the storm of 1
! '

Septenber, and defining the largest apparent total excursion as the

! ., [ '

Bay and at‘thé Isles of Shoals appears in’ Figure YXX. These data may . 3
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] ISLE OF SHOALS M. H.; 1968
APDARERT BUGY MOT10M .
DATE TYIHE sTaTIof | stATION WIKD WIND SEA STATE
| star . WHITE FORCE DIRECTION
5 Sep [1455-1625; 1.68 fr. | 1.43 ft. | 5t0 6 |[SEby s | state 2
6 Sep }1500-1550i 8.06 ft. | 2.77 ft. ! g to 11 SSE State 3
& Scp {1520-1840f 6.32 ft. | 2.98 ft. | 3 to 7 Varizble ! State 2
| E to SSE
9 Sep {1400-1705: 2.99 ft. 5.62 ft. I 8 to 10 E State 3
10 Sep 11420-1635; 4.67 ft. | 2.68 ft. ;up o 18 State 3-4
12 Sep 11120-1245:12.74 ft. 8.91 ft. ! 25 to 30 WsYw 4, Swell
. State 4
42 Sep (1415-1700{21.81 ft. ;16.89 ft.!25 10 30 |wsu 4, Swell
State 4

*Only one of four rubber cables intact following rough seas and strong
winds of )1 Scpt.

LITTLE BAY, N.H., 1968
" APPARENT LUOY HOTION

TIDES: 1000 LOW; 1600 HIGH ON 27 Aug.

DATE TIME FOX 1T, STATIGX!SOUTH CAMERA
__SPEED
26 Aug | 0945-1645 6.1 feet 5.8 feet Up to 1.8X
27 Aug | 10301655 7.7 feet 6.4 feet 1400-1.7K
12.500-1.6X
iL'p to l.8::
Pognrs ANN D Appoarerd. buoy lolicad, divtle BEy o oad Lades of Ehonds
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DIRECTION
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resultant of two quadrature excursions listed in the above tables,

the data for 27 August yie]ds\/ (7.7)2 + (6.4)2 = 10.0 feet (3.05 meters)

'fbr the Bay tests. Similarly, for tne §hoals tests on 6 Septender,

V (8.06)% + (2.77)2 = 8.5 feet (2.59 meters).

When watch circle performence about the computed average buoy posi-
tion is considered, a circle scribed about the ¥, Y point and including
all buoy locations has its largest radius of 1.83 meters (6.00 feet) for
the Bay data of 27 August (Figurc XXII1) and a redius of 2.05 meters
(6.72 feet) for the Shoals ‘data of 6 September (Fiéure X¥y).

To provide a mzasure of distribution of tne five minute interval

) sightings of the buoy position, maxima, median, mean, and standard de-
'I. viation values for the Bay and Shoals data were computed ond are pre-
sented in Figure XXXI.

The fifteen-foot diameter watch circle specification was met by a

maximum resultant motionj/ (6.96)2 + (6.98)2 = 9.90 feet (3.02 meters)
for the say tests. This specification was epproximately met for the

150-fcot deptnh of the Shoals tests by a maximum resultant motion,

V (]3.97)2 o+ (8.59)2 = IG.Q feet (5.00 mzters). Included in Figure

XXXI is a summary of sampiings of camera, gvre, and acceleromater data.
_Ana]yéis of the phqtographic record of the 27 August say tést_indicated -
" a maximum buoy motion of 6.89- feet and a maximum antenna tilt equal to

6.5° with 4.757% ncan and 0.685 SD/inean.  Gyro data from the Shoals tests

' . . . . . 0 .
of 6 and 8 Septender yiclaed a maximum enterna tilt of 8.0 and a maxi-

P (6 o oacceleration of 3/16 g (5.05 f‘c./:-:ec.z) for tho buoy,

ns noted previow.ly, cina Cate vis celleniod o establish tng vil-

idity of tuo sampling rate of the theodolite chservations s well as to

e

PR N

LY i
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-provi de'a cruds 'p'ack-up for the on-board instrurznt data systei. The -

effects vhicir cause surface motions include waves, tides, currents, and
L ]

wind. Tidal effects are of low frequency variation and are tauken to be

faithfully reproduced by the five-minute saipling period chosen for theo-

i

P

dolite observations. Current, variations in the test areas were observed

H

to have gross periods co{‘reSponding to tidal periods and minor periods
‘'of oné-half hour to several hours. Again, their effects on buoy motion
should be amply included in the theodolite data. Wind and waves may be
1 i :

classed in the field of relati ve'lxy short period distrubeances, with per-

3

iods approaching sevcral minutes. Theodolite observations were consi-
1
. dered to also be:appropriately spaced to incluce these disturbances in

: . - ! . -
1 so far as yatch circle perfoiuance was concerned for the fcllowing rea-
. . ,
sons. ' First, the period of the forces approaches that of the thzodolite

réadings, ‘and sjecond, the simrt .term forces acting on the buoy system con-
tribtfte more to 'sugh re:Sppnseé as heave, yaw, and tilt (pitch and roll)

. tha;n ‘to-watch cin.*c‘le motions, Sl;pport for the choice of _théodo)ite
sampling rate was ;;rovi ded by d:'ztaﬂed inspection of the photographic

record for 27 August. Cine samples at one-half minute intervals showed

‘only smooth horizontal buoy motions between theodolite observations

i
’ ' $

and no,wide excursions that might have escaped theodolité observation:

Photographic data fbr_ 26 and 27 August also indicated that the antenna

! ' . .

' tilt remained within 6,5%, ¢ -
, .

]
One gyro axis data unit failed shortly after the Shoals tests com-

4 H .
-

' menced, However, it was judged appropriate to considzr that & single

- 3 l » .v -
axis' wvould providr inforuetion ebout poricds end maximum valucs of the

antenna tilt response duz to the randont yaring of the buoy, althcugn the

-




;
. E
g B ] L . 3
é -
! ) .
1 .
intention was to obtain a resultant motion from a two-axis record. -

Tensiomoter data proved to be of limited value due to a failure of the

transducer resulting from water seepage througa the encapsulati'on mater-

-

SREI 1A B WA MG A PP 4P 1S SN AR § 1R ISL Y CANLES S MIMRA M WA, RIVIINE & | PG teass 1t BB A A IR

»
"
»
»
.
pryren mu_:

jal.

Tensiom=ter calibration curvés are shown in Figure XXXII. Sample
gyroscope pitch aad roll recordings appear in Figure XXXIIT and sample

acceleronzter and tensiometer recordings appear in Fi gure XXXIV.
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1y, CO;iCLUSIOES

The full scale prototype buoy studies were conducted in two lo-
cations and produced the following results:

Current Tests (Little Bay Tests) These tests were conducted

in tidal currents of up to 1.8 knots with a tidal variation of

6.5 feet in approximately 52 feet of water (mean yater depth)
“and winds vp to 18 knots. Under these conditions, the 35 - buoy

position error wasﬂt 5.6 feet (calculation based on all data

recorded at this site - note that for normally distributed data,

99.7% of all data falls within ¥ 35 ) about the mean position, .

or a 3s - budy position watch circle of 11.2 feet. All recorded

TR ML AR M B P9 1P SR LAAAS TP N ALY g R LR WIS S QR SALRE LR B ra L.

data fell within a watch circle of 9.9 feet. Antenna vertical

inclination was a maximum of 6.5°.

-

" -
o .’.I

Open Sca Tests (Isles of Shoals Tests) These tests were con-

ducted in the open ocean with sea conditions up to about state

. 3-4 seas, with mzasurcd winds up to 18 knots, surface currents _

Pt

up to 0.8 knots, and tidal variafions of 8.5 feet with a water
depth of 140 feet (mezn low water), Under these conditions, the

35 - buoy positicn error was I 9.15 feet (calculation based on

all data recordad for this site through 10 Septesrher - the 12
Septenber data was not used since only one of the four rubber - .

links i- the mooring was intact) about the mean position, or a

30 - buoy position watch circle of 18.3 feet.’ ﬁl] recordad data

(_ ' fell within a watch circie of 16.4 feet., The antenna voriical
° > L3 - - M HE R A + (-0 LI &+ Ayt po
‘ inclinaticn stoyad within a conz Gr - o, wiila the vertice)
2

haave acceleraticn never excezded 6 t./sec. .
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Claliic

Py

Based upon these results, it is apperent thet the PARA-BUIY design
will essentially meet the performance specifications outlined in Table 1.
Therefore, the data support a recomnendation that a buoy-mounted naviga- -

- tion slave station be used in the Hysurch System.

Engineering Design and Analysis Laboratory

University of New Hampshire
. . o .- March 1969
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. APPENDIX, 11
Data on MHavigation Systems %

The tables which follow were preparcd by C. G. ilelling and H. J.
Cruickshank. They were contained-in a paper entitled "Review of;
Available Hardsare ileeded for Undersea Mining," preséné at the 2nd
Annual MTS Confe}QHE;:”ﬁashipgton, D. C. 1966,

Additional material on the subject of naviéation systems is con-
tained in references 1,2, 3, and 4, shown in Append{x 1,.and in a
report by D, H. Clegg and G..H. Savage, entitled "A Study of the
Feasility of Various Havigation Systéns for Use in Installation of
the Pacific Seaspider,"” Techni cal Report Ho.105, Engineering Design
and Analygié Laboratory, University of New Hémpshire, Durham, New

Hampshire, September 1967.
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=~ :  APPEDIX III
‘ , i - '
. . Sea f]y%e Buoy foxr Hysurch Sysiem . .
! :  The desxon ana1y51s of hydrostatic buoys, that is, a buoy confi- :

gurat1on vihich does not inherently produce 1ift, had revcaled that a : :
state—of;the~art d°SIgn wou’d not necessarily rieet the sp°c1f1cat1ons. ;
1 i .
As -a result of discussions with pgrsonne] at Arbén Harine Products, Inc.

at Long Beafh, éaliforhia, an experiﬁenta1 buoy configuration was de- .
- signed. ,This'aﬁpendix coﬁtains some of ‘the materials supplied by Arben
: : .7 : i
concerning the buoy, vhich is called Sea Flyte. The desigr sequence :

f%f_this buoy was: f _ .
H

¥

© 1) MAn analysis of the potential perforimance of a submerged‘ ’ 2

\ i airfbiﬂ~shape¢ buoy in, th2 environmants predicted for the

‘.gisi ‘ Hysurch systen. . E‘_ .
| ‘ 2) Al/4 sca]e mou°1 study of two airfoil conflgurat1ons, i.e., - :

fcpnvenu1onal u1ng and swept~bacl wing. '

. +3). Desxgu and cons»ruct1on of a full scale prOLOQype..

:The analysms was suff1c1ent]y promising that Arben Marine Produrts

K bujlt two ]/4:sca]e mode]s'and tested them in equivalent full scale

.

currents of 7.5 knots.' The conventiohal wing section stayed within the

cquivalent .full scale wéych'qirc]e of 15 fect in 150 feet of watér up

“to an'équivalcnt full scale currént of 4.0 knots. The characteristics
1

in equ1va]ent Soa State 3 were 'also promising. Therefore, a full scale

prototyp was deszgnqd and constructed; = At this writing, open sea eval-
tuatwons are in progress. . g
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The material in this sppendix is providzd to enable the reader
1o gain an undarstanding of the basic concepts behind the Sea Flyte

buoy. Detailed infori:ation on the design can be supplied by Arben

~e - ow e

Harine Products. Hhen open-sea tests are corpleted, test results will

most likely be available through the Haval Oceanographic Office or

Arber Marine Products.
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ARBEN MARTNE PRODUCTS, INC.
2030 West 16th Street
Long Beach, California 90813 A/C 213-432-8971

Technical Work Statement
(Propristary Data)

Unsolicited Proposal 6568-DB-235
Hysearch Buoy Program

1. Configuration of Flotation Sectiom:
1.1 The flotatior portion of the buoy is comprised of an airfoil

2,

1.2

1.3

1.4

1.5

1.7

1.8

section similar to NASA 653-618 (see atiached drawing)
with modifications as follows:

1.7.1 Incorporated into the trailing edge of the section is
a Reflex Section vhich may be adjusted.

1.1.2 Tip fences are incorporated on the lower surface
only.

The span of the section is presently fifteen feet, the
chord is six feet and the Fineness Ratio is 5.46.

The unit has a gross displacement of 2500 1bs. when sub-
merged to the Mean Static Waterline,

The unit has a dynamic 1ift of 639 1bs. @ 4° = @ 2 knots
current flow.

Static dry weight of the flotation unit is 600 1bs., +
100 1bs,

The unit is fabricated of Glass Reinforced Plastic, hand
laminated of marine flexible Polyester, with skin thickness
tc be determined by Arben Marine Products.

The interior of the unit is f£illed with polyurethane foam,
and sealed.

Battery and instrumentation chambers are incorporated into
the flotation unit with suitable access panels and aerial
leads to the mast,

Configuration of Mast:

2,1

2,2

The Jower section of the mast is comprised of three
aluminun tubes forming a tripod to support the trans-
mitting aerial,

The tubes are supplied with fixed fairings of NASA 654-021
section (see attached drawing) below the mean water 1line
and with free pivoting fairings above the mean water line,

75




-2-
2,3 Horizontal stiffeners of aluminum are placed at appropriate
intervals and supplied with fixed by-comvex fairings.

2.4 The almimm tubes are filled with polyurethane foam to
deny sesuater intrusion.

FRYR IRC | TAp B )

2.5 The mast is comprised of two vertical sections; joined by : ]
bolt plates, to facilitate handling and shipping. .

2,6 The upper section of the mast is a fiberglass monopole
mounted to the top of the almminmm structure.

2,7 Dry weight of the mast is approx. 150 1bs,
3. Mooring Attachment Structure.
3.1 The mooring attachment structure is fabricated of glass ‘ 1
reinforced plastics with internal structure to absorb
mooring loads, and is filled with polyurethane foam.,

3.2 A swivel fitting accepts the cable shackle in order to
aliow the buoy to fair into the existing current. T

4. Recommended Cable,

P £33 o

1) Aluflex Aluminms Coasted Steel Cable. 5/16"xftx19 (cg-—-1.3)
S.F.=2.425 (Preferred source: American Chain and Cable)

2) Aluflex 3/8"xfx19 (Cp=.6) S.F.=3.44 vith integrated hair 1
fairing. (Preferred source: American Chain and Cable) 3

5. Recosmended Anchor - DeHaviland -explosive anchor or equivalent
w7ﬁ,000 1b. restraining force.

6. stem cs. .3

6.1 The combination of net buoyancy, low drag, dynamic 1ift,
and the forward 1ift vector of the airfoil section are
designed to produce a buoy system which will maintain an
extremely small watch circle and excellent dynaaic and
static stability.

6.1.1 The static stability of the buoy is dependent upon
the net static buoyancy of the flotation section,
which pivots about the taut-wire mooring point
located below it, to provide Righting Moments,

e~ m— A ———ri o ot o
o

6.1.2 The dynamic 1if't of the buoy is provided by current 1
flow along the chord of the airfoil configuration. : 3
The basic purpose of the dynamic 1ift is to provide f :
a small component of forward 1ift which increases :
with current flow to overcome the additional drag
of the current., Neither the dynamic 1ift nor its
forward couponent are present or required in a zero- )

current situation. ;
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L secondary purpase of thza dynanic 1lift is to

Providit wishring Momants ebout the airfoil csater

of prossuns at all anmcles o:r c.:_-.-_-.c.‘, ?rcit‘_\ = and
oz

nezarive, in CUrcEnt "10-.-. The oflos Sociion i€

Y1l
lﬂCOE sorated iato the 2irfoil sactioa o zid in

tais functiom.

The dras 0of The particulor @irfoil section

ernlovad vs. the forwaré 1lift vector of that
section are tradeoific which muct be emplored
to pxovidz The ovorcll st ‘*fli_“.:‘r and dyazaic

chzracteristics reauired of th ntea.

J
(‘J
]
b

Tha buoy gvstea ie éesicned ©o be dirsctionally
reactive to currear flsw and to.heve a mesn
rotational Ve locity of .25 za ‘-‘--*u-/u:c in 2 knot
currzent and ey not re;-.‘. as w2ll in eddy currents
in waich the currcnt diroctis ‘111 st exnceads
paraneter,

Il':'-_ i’i l:'o

7. Szsten Desiun fareneiors. ’
i3 3 : 3 £ £12 3-7 ;2‘ P
\irfoil Section 65,-518 L=C;, ,7/2-7"Epet;
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Corrected to D18 to accomodute Efdyilor and Assect Ratio
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Backgreund Materi als on Stem Antennas - o . : ] A
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on the Stem antenna, ) L
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- . 3

rospace'Products Limited Divion of d2 _ -

This appendix contains background materials

manufactured by the Spar Ae
of Canada, Toronto, ‘Canada. . : P
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-+ Preducts Liomted

-onto Internistionzl Awrport
w/PPhone (116) 676-3333

: Spasnalt Tor/Cable Spamalton Tor
2 -

sales Reference | May 10, 1968,
C9G-375-4103 - :

PREEIE Y

ifr, F. Hess,

EDAL, Kingsbury Hall,

University of New Hampshire, -
Durham, New Hampshire 03824, )

Dear Fred,

With reference to our telephene conversation of today, we are
pleased to enclosc our standard data package, and Outline and Installation
Drawings of typical mechanisms, whiclk may suit your hydrographic buoy
application. We would also be pleased to deliver Lo you, for your evalu~
ation, onc single 35 {t, long, stainless steel element. This would be our
standard 3 1/8 inch diameter, overlapped STEM tube. The cost for this
item would be $100,00 U, S., ¥.0,B. Malton, Ontario, exclusive of all
/-xes, tariffs and dutics; terms net 30 days. The quotation is valid for

\"lays {rom the datec of this letter. :

From the description of your requirements,; it would appcar
that actual production hardwarc might utilize multi-clement, 2 inch
diameter BI-STEM. For this rcasnn, we are also enclosing an extract,
describing a similar application. To be truly representative of opera-
tional hardware, the 3 1/8 inch sample should be cquipped with proper
root and tip plug fixations. We would be pleaszd to provide you with
details for these components at a later date.

We trust that the enclosed information is adequate for your

present nceds, and leok forward to your further communication in this
matieyr,

Yours very truly,

SPAR AEROSPACE PRODUCTS LIMITED
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MY
Jlem Chici Applications Fagincer
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6022, Toronto International Airport
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for ground environment ‘
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In response to a long-acknowledged need
for antenna members with a high degree of - .
extendibility, minimm space storability, ﬂ'.‘
light weight and utmost reliability, SPAR il
Aerospace early in 1960 undertook a re- : [
gearch project to develop such a product : g
for a major spacecraft system. | /
L

N\,

This program, a resounding success, pro- : i
duced the firat of an entire system of such { ' A
devices, which have bécome widely kmown as ° 2 o
STEMs (Storable Tubular Extendible Members). { T /3
Within a year a similar program was N -
launched to develop the device for ground ., : bt d

environment use; the applications shown resilient spring metal, heat-treated

overleaf are typical of what can be for maximm flexibility with an unfurled !

achieved with this unique development. overlap characteristic of about 180°, ;

THE STEM PRINCIPLE This provides the tubular element with |

The key to the STEM system is a con- strength equal to a complete seamless !

tinuous strip of member of similar diameter and wall
thickness. '

* Hurling Element ) Storage of the membor is accomplished by'

. $toroge Drum coiling the tube around or into a cylin- °
drical drum, which rotates for extension :
and retraction either by means of a motor’a
drive or hand crank. Push-pull and self-:
extendible concepts are also available.

Since retraction of the element requires
supplylng strain energy to the flattening '
spring tube, the stored element has a
natural tendency to self-extend; thus
very little unfurling power is required.
In application, of considerable strain,

. ‘ Storcd Llomant the deployed bending and torsional stre-
) _ ngth of the member may be increased by
LT T e - ™ simply nesting several spring elements
together in a given diameter.

S

s g s & S
e R

it sy

82




cihocpien s

AT

L] I's ! - ’ - .
- i - . . R :
1, ‘ [ S . - i
R 1 . : - .
H . - - -1 - .
H . .
P . v .
H ——— i e g~
f H * ‘ o e e e g
. . H
. . - HE
it * * + - B -
-
s e -
s - ’ >
. . s
i

- t B - -
TR A f :
] , s * -
t { . .

- .
m.——-—-—'
L .].
M
—t’ o
"
™
-
-
. .
a
™
[}
-
.

@ ; ' . : [ N}
¢ AR NEROSPACE CAPAEILITIES . 7. ' .
it " _3aR is a proventand trusted supplier of extendible ! 5 .
. ..,.-uuu. for all NASA and DOD applications. A : 5
i . mvaricty-of ground and sea covironment antgnnas H
1 ymasts have been provided to customers through- ; .
*
I .xCanxda, the Umtcd States 2nd Europz. K s
z L. N
7 »af maintains compl;':le larllme' for the cu.-lom ! i
Lot _.;,.-..3q and manufecture of o grcog.raqgg qg exiendible - ; ;
. »JER structures. These include :.ppmved Quality :
h :,amro! ana f‘chablmy Systems; “Clean Room” ) ‘
o Jéﬂ.mb!y' Areas; Developmtnt Environmental Test,
"L Wyerials Reszarch, and Raterials Test Laboratorics. .
T Lo 4. .3 . 1 i 1
T ¢haresources of SPAR's highly-trained design, :
¥ a-celopment and program management group are e P . -
- - . 1 N ., { i i . I
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a : The STEM 3-1/8-inch-diameter elevating mast raises
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. B height for greater distance penetration. * ] ,
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this push, il S TI' M antenna provnlos areatily- ¢ . the rear of a jeep, permits remote extension and
§ . r . ’ o
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1.1 ‘This Specification covers the perfommance ‘capabilities, installation,

data, stendard and ‘cptionzl features, on a. ‘quick~erect able, transporitable

mast of the STEX tvrn caploying an unfurlz :ble tube formed by heat

t;'eat.lnv a netal stri .Lp into. a clrcular section in such a manner that the

edges overlap by approximately 160°. The rast is of a general purpose

: fdesign capable. of tleva ating a variety of tlplo.\(.s varying from antennas
-and reflectors to light beucqn and tclevision cameras, unsupported or

guyed. . R . N
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i 2.1 Tlplo ad; v 1rrht and. gcon:atrv detemn‘* the allowable 11111dsp°cd for

i . a given h2ight (or vice versa).. It is, therefore, impracticeble to

 provide en 21l cacom Nzsmrf seb of data covering every possible combina-—
tion of weight and idrag arca. ‘De Havilland has pr'*pﬂred a COT\pducr pro-
gren vhich permits, quick assessuent of feasibility. It optimizes the
xnas’r, configuration for minuaum weight considering also such variables as

ice thickness, tip slope lmlta.ulovx, base tili nf'le and differentiation

betueen operabional and survivel windspeed. The .{‘ollo‘f.m' data is
typical and indicative of the STEM's capabilities. : -
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2.2 . Un'suppo‘{*’oed .(Cantiley\érl) last
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3.1 Dimcnsions
i

=

Case 3%

L5 ft.

75 lb§°

2 ft,.

15 degrees
50 ]ﬂ..poho

Has st dis .""tcroooooo:ooooooecooéooooooo.oooeooocooooeooeeoo .

(‘a ¢ fB¢
50 ft.

15 dzgrecs
70 mopolie

3-1/8 inch
75-1/2 inch

[P PR

SOTRUINE 717 C VT S

A ae

Overall retracted }\Clg\‘t (1035 t) I)lOdd) 0000000000000 800 DO
. Overall vidth (excluding rounting £1ange)ceoececsocsosnco
Overall depth (exc 11\01119 rounbing £1angc)eoccevecscocccon

¥
¥ M ' vy b ogeys ]
g« ' . 30.2 Vied : it : f
' M !

19-1/2 inch 2
Y=L/l ineh

L '_l'.;'.l!l.,\l’

Poted waielhd (dugenfiing on mast luaigbh) 773043
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4.1 C(uick replacceble tape unit facilitaies the cxchange of Gz -'mr'cd
masts and periits the use of the swre mast housing and Hlndlnn muchﬂm: %
vith geveral niast configurations designed and optlmzed for speciflc
applicztions. . . .-

4.2 Stainlcss cteel mast r-:u,erl‘.l for mzximum corrosion resistance.

4.3 Exitension ahd” retraction by 110 ViC, 60 cps, sirgle phase, fraction:
horscpover universal motor (1/6~3/4 hp). Self-exiending Lendency of
wound taps counter balances tip load and rcduces p2ak winding torques.,

Lol Meddmum strength is obtained by using o mulitiple of STEM tubes
concentmcally nested, yet wound on a .,-ngle drum,

4.5 Electrical cables leading to t::.p‘-lo‘.d can be convenicently fed
through the bore of the mast.

. -

Le6 Frovision for manual operation in case of motor or power failure,

*

47 Reduction gearing integrel with tapz spool. .

L.8 Includes mobor drive conbrol providing avicmatic maximm cxtension
and retraction limiting as well as height readout polenticmeter 2000
ohms, 1 viatt for remote haight indication,

5.0 IESTALYIATION DATA

5.1 lModel draving 5139 shows all the 1cL :ding di mn=wns end illustrates
how the equipment can be installed.

5.2 The basic uvrit comprises the mast housing, c¢/w winding rxf-ohanl s,
quick replaceable tape wnit, tape spool cover, mast endeap, mounting
flanze and electrical motor drive asserbly.

600 OPrIOI Il l\.l:}\TLR..JS

6.1 To parmit higher vind speeds single point guying kit Part No.
54398 2-1 may be o“'m'cd, .

6.2 n licu of the AC drive, a 23 volt I electric motor may be
installed. ) )

Specifications furnished by de Havilland are balieved to be accurate and reli-
able, However, all specificalion data is subject to change without notice,

The De Havilland Aiveraft of Carada, Limiteq,
Special Products and Applicd Resesran Division,
}:?’1“\:(.’:“ 0“' R Al v R4 . C:'.l"\. J -
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PENTR

DHC-SP-R. 101
2.0 OCEAN VIBRATION

Sea Tests were conducted on April 2, 196, in the Gulf of Mexico. The
sec state was judged to be state 4. The spacecraft has 3 matural fre-
quencies vhich are approximately

fn1 = 0.07 (cps) for heave motion
f,o0 = 0.25 (cps) for roll motion
fn3 = 0.33 (cps) for pitch motion

skl s cotethr catas cuie

It would be desirable to have these values:more accurately established
by an experiment.

Roll seemad to be the most severe and an analysis of the trarsfer of A ;
ocean vibration via roll motion of the capsule to the antemna is presented 3
in appendix A. 3

3.0 BUCKLING UNDER VERTICAL LCADING ]

An antenmna subjected to its D!'Alembert force due to heave acceleration
may buckle. In Appendix B it is shown that the vertical acceleration would
have to be of the order of 12g before the antemna would buckle,

4.0 BEAT PHENOMENON |

PR

The Gemini High Frequency Whip Antemna was observed to exhibit beating
vhen carrying out free vibration., Some coupling between flexure in two
perpendicular directions exists and wher a flexural free vibration is
commenced in y-direction it is observed to die away and motion in x-direction
builds up. Subsequently the motion in x-direction dies away, while beat
in y-direction builds up again. The period of this exc of flexurel
vibration is computed in Appendix C and is found to be 90 (s).

e Ve Wk s S

5.0 BENDING

- .
N I
e e G

In Appendix D the distribution of the bending moment for booms of
15 (£t), 14 (£t), and 13 (ft) length is plotted. The bending moment was
obtained by assuming that the boom was rotated through 57° at a maximm ’
angular acceleration of 2.18 {rad/s2)., The extreme position of the boom
is 47.5° from the.vertical. Acting on the boom is a 15 knot horizontal
wind, A tip load of 0,31 (1b) is also present. !

2. i
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DHC-SP-R.101

The bending aoment distributions were linearized and then used
the 5 nested elements of the bom,

6.0 TORSION

STEM tubes do not exhibit much torsional stiffness. By preventing
wvarping at the ends of a tube, the torsional stiffness can be improved
considerably. The improvement depends on the length of the tube. The
shorter the tube, the greater the improvement. In Appendix E, it is
shown that for the Gemimi HF Whip Antemna, prevention of warping at
both ends increases the torsional atiffness by almost 700%. The pro-
vision of a ploy guide and of a tip plug, both designed such that they
prevent warping effectively, is therefore strongly recommended.

89
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APPENDIX A

ON THE TRARSFER OF OCEAN VIBRATION TO STEM ANTEMNAS OF FLOATING
SPACE CAPSULES (HP WHIP ANTENNA, GEMINI SPACECRAFT

1.0 PURPOSE OF INVESTIGATION ¥

The purpose of the present investigation is to obtain an estimate
of the spectral density of antemma vilration caused by ocean vibration
at sea state 4.

2,0 HEAVE VIBRATION

2.1 The displacement spectral density of ocean waves at sea
state 4 is given in Figure Al.

2.2 The natiral -frequency of roll vibrations of the Gemini space-
craft capeule:ie’ approximately 0.25 (cps). The damping factor is
assumed to beJ =:0.5, The square of the transfer function is
shown in Figure A2, ~

2.3 The roll displacement spectral density is obtained by muiti-
plying the curves of Figures 1 and 2 and is shown in Figure A3. i

2., Based on the assumption that the antemna carries out flexural :
vibration and that it has a very amall ing factor (-y = 0.01) '
and that its natural frequency is 1.5 (cps), the square of its trans- i
fer function for flexural vibration is as shown in Figure A4. It is
also assumed that heave and pitch motion of the capsule do not

contribute to the flexural vibration of the antenna, rendering X
the analysis presented here only approximate.

2,5 The flexural displacement spectral density of relative antenna
vibration (i.e. antenna bending with respect to the capsule) is

obtained by mltiplying the curve of Figure A3 by that of Figure :
A, The resulting spectral density is shown in Figure AS5. :

3.0 RESULTS
An inspection of Figure A5 indicates that at sea state 4, the
Gemini HF Whip Antenna should exhibit pronounced flexural vibration ¢
at 0.09 (cps) ;

-4

3 S Ckhaacd ool




DHC-SP-R.101

and 0.25 (cps). Vibration records taken during the spacecraft stability
test (see letter of April 9th, 1964) have not been made available to
deHavilland., It is expected than an analysis of the record would show
the presence of large amplitudes at frequencies of 0.25 and 0.09 (cps).
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ACCELERATION, GENMINI HF WHIP ANToNNaG

VL cuwe

BUCKLING UMDER VEXTICAL

. - "
s .

. ]
Assume that a 15 (i%) a=t

. © approximaztely ! , :

: ; P = 7.857 El !
. _ 12

{ :

Py

r - Wish'E, = 290108 (1n/in2),

1.7'_3 (10-3) (ind)

!

-t
~ 4

.
A

] ‘and I = ‘180 (in ..
: , P = 12.2 (ib) ‘
_ " The quartity P is the total load.

' ‘m = o{ yT Al = 0,283

——————

1 86

w

.. " m = 0.00264 (b s /in)"

The acceldration is obtained by writing

P =122
m 0.00264
i . ) o '

' or a =12 g

. I . '

o i . la,=z= P =

. Neglected are:
;
N i

* 3

v ] P ) 0

e=na i mouzied veriically 2s a cantilever.
3 . PR <o e . syt
Zhe critical lead carvsing Filer bukiding (TimosherXo ard Gere) is thex '

Forion¢ element of 180" length

A ' H

4620 (in/s?) ' . ' oy o

S L. r -
. iThe tip weight (which would givie a reduced valuze of "a%), o oo

T ) i . A . ‘
The shorter elements (which would giveran increased value of "a").
» N '
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| i ‘ » N [} ° :
ON THE BEAT PHENOMENON OF THX GEMINI HF WHIP ANTENNA
! i i ’ . :
’ The it noamcnta_ flexural na'::'-.:z'al freguency in one plane is .
' : ' )
l f, = 0.94(cpsy , - ‘ .
’ 4 ' -
‘or O :

LWy =15.92 (radls) = W 1.~©

]

In the other plane, e nziural {requéncy is slightly differsnt, beczuse the
inertia moment is different, ' ’ .

..
.

il
8L ' 5.92 = 6.06 (rad/s)

1.73

“The su.f:mg mction of the sysiem may be regarded as being made
up of 'supgrpsseﬂ prirncipal roZes. Thus we can write. . :
i .

*
it

Aj ¢os Wt +.B] cos’tht ' ' : -

<
it

1
A, cos W)t + Bp cos'Wat
if the .system isistaried’'efi with y = 0 andX = A
x = A cos @t + A cos Wt

o . ' f

-

Y 5 A cos O lt‘-‘_'./_\‘_ cos ) ot
: 2 . . .2

I

é

By employing trigondmeirizi identilies

‘ ’ 0, -0 0O, +L
x = Acos —t—p ¢+ cos —= L.
o A ! : 2.

t
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C y = A sip -21'_-_.‘.‘21_ t e, 2&-"“"' .t
2.

2 -' Sitn

New leg
W, -W) =24 = 0.14 =2(0.07)

5.92 (rzd/s)

S
o+
. &
™

it

N
&
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tten ]

y = A sin A% sin Wt

One complete t22t.cycle his a period of

-

- 2 2% = 90 (s)
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APPENDRIK D .

BENDING MOMEN"'S OF CEMiti HE WHIP ANTENKA

The bending mome=t 2pplied 20 a2 boom is assumed to consist of -
(see also Figure D1): _

—— mwam o

L O e Y T YT YT P T T g e

Self weigh? (at 47.5° from verti zi) 52.5° :
Angular Accs‘le*avmn (Z 18 ralis?) of seif weight 7.53%2 - 4 42 /5,2
Wind Lozd (lue to a 15 knot horizoxnial wind) 28.5 3 3
Tip weigkt (0.31 1b) ;
Acceleraticn of tip weigkt ] 3
Booms of 15 (£}, 14 (fz) ard 13 (f2) were cox :a red. Opiimnxn . :
lengihs fox the nested elemaxnis were oblzined aznd zre indiczled, Flv-: :
elements are nested in each casc, two of which are of 211 leo g"' o : C
eimplify the analysis, the bending moment d1s;r:a::1..-_ wzs linearised, :
The resuiis arc shown in Figures D2, D2 aa D4, g ’ s
The followmg assumpticns were mzde in the anzlysis: :

i - - : H

(a) Ary influence of the normal load ¢ om“r_\:_c' Z of self weight 5

and tip weight kas besn disregarded., ;

: {

(bi " The influence of Ceicrmation vpon the loz2 hes been neglected. f

. : i
(c) The aerodynamic drag coefiicient CD kas been takern to equzl : . :
1.20. ' : L S
oA
(d)  The maximum psrmissible beading mement for a STEM ; :
zection was taken £a be that denmrm local instabilits, vise :
: . g
f . . j.
E ¥
M= k A2 nw :
2, ¢ . 1 b
> ‘ (1 -v7) i
with: k = 0.75 = mperidéen cohgizal i . : :
v = 0.3 = Poisson's rziio T . ' ;
d (in) = diameler . }
. © £ (in) = thickaess o B
() n = number of clements ' a
@ .
;

‘ -2 - J
98
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: C . = DHC-SP-R. 101 1
3 ¢ ] :;;
IS KNOT \WiND, Y
: — | !
, — i :
7 : 0‘3-!5
- i Centee of
1 ’ C Fotation.
i ‘ \
i /]
=218 rad /sac .
STEM DETAILS. -
5 elements.
Nominsl Diarneter O:86.inn .
. : ' Material Thickness  0-0CHiaa.
-Developad Width 40 ins.
1 Materal 1 Stairdess Steel. .
i
AA g'
‘ K" FIGURE. DI
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APPENDIX E

TORSTON OF GEMINI HF WHTP ANTENNA

The equation relating torque T (in 1b) and twist angle (7(rad)
of a Gemini HF Whip Antemns of 16 foot length, where warping is pre-
vented at both ends, can be shown to be:

where C = 1.85 (in?1b) is the torsiomal rigidity.

With pioy guide, but without tip plug (i.e., with warping prevented
at root and warping permitted at tip), the twist versus torque relation
becomes

¢ =4 .

Without ploy guide and without tip plug (i.e. warping permitted
at both ends), the twist versus torque relationship is

A comparison of the results indicates that prevention of warping
at one end (e.g. by a ploy guide), increases thne torsional stiffmess
by 97% and prevention of warping at both ends (e.g., by a ploy guide
and a tip plug), increases the torsional stiffness by 68%.

. -17-
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- ©OAPPERDIX Y
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Backgroind Haterials on "Seastaple” Anchois

E This appendix contains background material on the "Seastaple”

enbedrant anchor; developed by the ilaticnal Water Lift Company of

Kalamazoo, ilichigan.
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17 May 1968

Mr. Frederick Hess

University of New Hampshire
3 Kingsbury Hall

Durham, New Hampshire 03824

v

Dear Mr. Hess:

Your inquiry regarding embedment anchors has been referred to
me for repiy. I am pleased to enclose all written material
' currently available.

The NWL SEASTAPLE anchor is the result of approximately six
years of development covering a wide range of military and
commercial moorings. You will note that ¥NWL has placed over
200 anchorages as a part of the SEASTAPLE program, with

: considerable success in moorings in a variety of bottoms.

Ly

REIRTIVC SUUE T NV HF B S ET TP paacry

For a period of approximatcly two years NWL has manufactured
and sold a production design of the MK 5 and MK 50 described
in the attached brochure. Additionally, the operating
instruction booklet may provide certain information pertinent
to assembly and placement of the anchors.

MR |

.
P T S Ty | N S D T R0

Early this year we received an inquiry from Movible Offshore,
P.0. Box 51936 0.C.S., Lafayette, Louisjana 70501 (Dr. Murphy
Thibodeaux, Chief Engineer), which over a period of approxi-~
mately three months has matured into an active interest on -
3 Movible's part in purchasing the entire National Water Lift

k SEASTAPLE anchor product line for use both in their own

4 activities and for manufacture and sale to companies such

as yoursclf. The status of negotiations with Movible at this
point is that they have taken an option to buy the anchor
program with contract completion anticipated by early sumnmer.
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( .
a Mr. Frederick Hess : )
University of New lampshire .- .
17 May 1968 \ .
; Page Two .

During this period of negotiations with Movible the two
companies have agreed to follow up any important requirements
for the anchor through Movible Offshore, with the direct
technical assistance of National Water Lift supporting Movible
in this venture. The present inventory of anchors at KWL are
available to Movible Offshore and all NWL "know-how" is also
available te them. )

While a transition of this type sometimes generates customer
problems, you may be sure that both NWL and Movible will do

their best to minimize them. Under present status a discussion
of procurement of any anchor for your current requirements
‘should be made through Movible Offshore, with the full assistance
of NWL. I am sure Movible will be happy to accommodate yoi.

Please note that we have had particularly good test results with
QZ) SEASTAPLE anchors in rock (shale and coral) as well as in more

; conventional bottoms. We have fired several test anchors into
e hard - -concrete with results similar to natural rock. Pull
ratings in rock generglly exceed the anchor ratings by 50% to
100%.

The anchors are rated in a sand or sand-clay mnix and arc believed
to be conservative in that type of bottom.

1 am sure that you will find the SEASTAPLES a most interesting
product, capable of providing low cost anchorages in difficult

" bottom conditions. I have notified Dr. Thibodeaux of your
interest in order that he can follow up your inquiry.

Very truly yours,

NATIONAL WATER LIFT COMPANY-

——Dfrector of
ew Products & Development

JFS:ce

A
‘ enclosures: (1) NWL SEASTAPLE Brochure

(2) HWL SEASTAPLE Operating Instructions
(3) HWL SEASTAPLE Background
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... -4 .. ~ANCHOR USAGE -
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,The follow1ng 11$t indicates some of the nore recent anchor

s

]

‘

appllcatlons. - : | .

< . .. - P [ -'.' - . ,,-! ;
ll -  Keyport Naval Torpedo Test Station - - , :

*1 MK S0 to ancﬁor‘ﬁpsj;uhéntgtién barge.

. . 5
1 =
L} . ' N K

Naval OrdnancejLabofatqrieS' !

. " Lauderdate Test - 10 MK 5's to evaluate VVL anchor .
Vs, competltlon anchors. . :
] - 1 ! ° i {

NOL Project White-hat R
20 MK 5's, - puchased as a result of the outcome of the
Lauderdale qast to, be used to hold instrumentation
packages in an underwater explosion test. .

H A
N x a . .
: '

) (,)Point ‘Concéption, California:
H ' [

"1 MK 50, 2'MK 5's - demonstration test for the oil
companies (planting anchors into shale).

i1 _FRG, Emden ' t

H , B 1 “ .

. "1 MK, 50 -~ planted in the North Sea off of Emden, T s
. Germany, to moor an AHODCO type buoy. . )

. ' C e .

’Standarg and Union‘Oils o

. L& MK 50's - planted off of the Oregon coast in shale . '
" e to moor a drilling rig. . ) . . :

5 [ 1

.

! I
,Naval Civil Engineering Laboratories
¥ .

13
[]

10 MK’5'5'~ to evaluate deep water firing of the anchor.

-

Hudson Laboratories o

¥

H

- LI ) ‘ .
22 MK 50's - planted on continental shelf off of
*Bermuda as part of the AUTEC Program.
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NUL " SEASTAPLE"™ ANCHOR

hd . . - 4

National Water Lift Commpany has developed and placed on the
market two models of the SEASTAPLE embedment anchors. These
models are the MK 5-4000 series which is normally rated: at
5,000 pounds and the MK 50-4003 series rated at 50,000 pounds
of holding capacity. The ;NWL anchor rated holding power is

based on a2 sand, silt, and clay combination, with the anchor

being pulled in a truve vertical position. A variation from
this type of bottom has some effect on holding characteristic,
with teadencies toward 100 percent silt-reducing the holding
capacities, and tendencies toward hard-packed sand 'increasing
the holding capacities. HRYL anchors have been installed in
mud, clay, sand and gravel, coral, shale, and concrete in the
course of a large number of firing tests. .

Tuo fluke configurations are available for the MK-4000 series.

Model 4000-1 is for sand, mud and clay,.and Model 4005-1 is for
coral, concrete, and shale. Both of these configurations can -

be interchangeably fired from the MK 5, Moidel 4000-~3 gun. -

The MK 50-4003 has a single type of fluke wvhich has been
installed in mud, clay, sand and gravel, coxral and shale with-
out changes. The MK 50~4003 series anchors are fired from the
MK 50, Model 4006 gun. ' -

Both the MK 5 and the MK ‘50 anchors can be surface fired or
bottom contact fired. Surface f{iring is recommended where
practical. Both have pressure switches in the firing circuit
to assure safe handling when out of the water or in shalliow
water coﬁditions. The guns have provisions to incorporate
legs to form a tripod for setting the gun assembly on the
bottom for shallow water -firing or precise location firing.

-

The life of a SEASTAPLE when set in the bottom is known to,

be quite long. However, the full life an an anchorage is
still unknown. In 1963, 22 MK 50 SEASTAPLES were used in the
Artemis project off Bermuda. Indications are that these units

are still in service.

Holding power tests made on the SEASTAPLES have clearly shown B
that holding power varies with bottom conditions, such as

water content, soil structure, etc. The average holding

power on 20 test units of the MK 5-4000 series sand fluke was .
7,400 pounds. All these units were tested in sand, sand-gravel,

sand-clay, and mud-sand-clay bottom conditions. The MK 5-4005
. : .
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ga)coral flukes test fired intc concrete test blocks were loaded
to 11,000 pounds without failure or pull-out. Coral flukes
enbedded in shale held to the breaking strength of the wire
rope pendant, which is 13,000 pounds.

-

TR AT R L S TR T P L

The MK 50-4003 series flukes rated at 50,000 pounds have held
to a breaking strength of the wire rope pendant 170,000 pounds
and have also held 74,000 to 100,000 pounds in bottoms, such
as sand, sand-clay, and extremely soft shale. UWhen the ground
structural strength capabilities are exceeded the SEASTAPLE -
is pulled free from the bottom. In the higher loaded conditions
the wings of the’ anchor are usually bent. In this condition .
the anchor could be readily rebuilt and reused again.

Ay

The materials used in the manufacturing of the anchor is 4130
steel, heat trecated to RC 40-43, Tl steel at Brinnel 321 and
1020 steel as rolled. The steels selected are based on the
structural requirements as dictated by the wvarious loads
imposed upon the anchor.

The pendant for the MK 5-4000 and 5-4005 anchors is improved

plow steel with IWRE. The MK 50-4003 anchor uses YHS wire

rope with IWRC. Corrosion resistant material could be used,
-depending upon the oxygen content expected.

Ve a SUES N Ag PRI A S e mte tii

e fe
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Anchor holding cépacity is a function of the anchor penetration.
The MK 5 penetrates from 4 to 20 feet and the K 50, 4 to 30
feet. An an example, the MK 50 penetrates shale approximately

5 to 6 feet. The MK 5 has been driven into solid concrete

to a depth of one and one-half feet, with resulting holding . ;
up to the brezaking sftrength of the pendant. Likeuvise, the
MK 50 has held over 100,000 on a shale installztion and in
several cases up to the breaking strength of 175,000 pounds
of the pendant. '

The anchor guns have proven capabilities of firing 15 to 2C '
times and can be extrapolated to over 100 shots with ,a chromed

bore. : .

Preparation of the anchors, such as pre-assembly, findl . B
installation of the cartridge, and final checkout prior to - T
lowering can be accomplished by one man. However, NWL has ;

i

. . - . 1

found it sometimes saves time to use a two-man crew. . :
N 13
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The shipping container is designed to serve as an assembly ; *
fixture and rotating bed to recady the anchor and to clevate ’

, 1t to the vertical position prior to swinging over the side . :
and lowuering. With two men working as assewmblers and,a good
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. winch or crzne operator, aachers can be implanted as fast as

the crane operator can lowcr the anchor to the botton and

fire it. By using severzl uns the assenblers can keep ‘
ahead of the emplacement crew. e
. . . . .
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COMMENTS OX CERTAIM FEATURES OF INTEREST ON THE -
. _NWL "SEASTAPLE"™ ANCHOR SYSTEM -

remew

Test Background

An attachment to these comments summarizes past tests of
our anchor. Approximately 200 anchors of various sizes
and weights have been set. Approximately 75 percent of
the large anchors tested have been set in various kinds
of bottoms. Our experience in both heavy and light.
anchors is adequate to support the operational use, of
this equipment at this time. . .

R QUGG 2ire w n 1

* A large percentage of the anchor settings were used for
- test purposes and the retrieving pull required (on a
vertical pull) was tested and recorded on most settings.
Based on these actual tests in various oceans around the
. United States we have a high level of confidence on the
pulling power of these anchors in various kinds of bottoms
and have quantitative data on the vertlcal pull in a

.large number of tests. . )

Reuse of Fluke

The fluke is retrievable by means of a vertical pull
which exceeds the holding power of the anchor by 50 to
JOO percent. Thus, in any type of soft to firm bottoms,
“such as silt, sand, and silt-sand combinations, the
retrieving force w111 be found within the limits of

50 to 100 percent over the rated pull, on a vertical basis.

In case of fluke salvage of this sort you can expect a

cexrtain amount of damage to the flukes of unpredictable

type. However, since the flukes are not wvhat is known as .
a precision assembly the parts can be straightened or can

be cut out with a torch and new parts welded,in, with a
consequent saving in cost from reuse. In the case of an
anchor set in coral or shale reuse is not recommecnded,
since repair costs due’ to the ‘damage would exceed the "~ .

cost of a new fluke.

Rated Pull

The rated anchor holding power is understood to be a
straight vertical pull by means of a winch operating at

a slow rate of speed.
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Effect of Scope -

The effect of scope of the SE&SIAPLB anchor is quant1-
tavely unknoen. We do know that holding power increases
with scope up to 2 limiting value. At this time the
vertical holding pover can be assumed to be conservative
when the anchor is used with scope. As experience is
gained an improvement factor can be assigned to various
degrees of scope.

Non-Destructive Test of Holding Power

Once the fluke is in the dead-man position the force
required to pull the anchor free can be estimated by
pulling vertically on the anchor apd measuring the creep
of the anchor at various tensions.  In other words, a
50,000 pound anchor-could be tensioned to 25,000 pounds
and the rate of creep of the winch noted, then 50,000
pounds and creep noted. From these two values the

" probable pull-free force can be estimated.

i_, Safety Precautions . B ’ _
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In general we can say that any normal kind of ‘powder
storage would be quite satisfactory with this anchor.
The 50,000 pound anchor uses 3.5 pounds of smokeless
pouwder of a conventional type. Such cargos of powder
can be stored in a water-proof fashion in an area of a
'ship where acc1dental fire would not seriously damage
the: Shlp The powder will not exploce until confined
and Lhus is reasonably safe. The use of electric
firing ‘'systems with couventional igniters and couventional
charging schemes means that these anchors can be set by
anyone skilled in the use of conventional explosives.

With regard to conflict with regulations of different
countries, we have no background in this. We would
presume that handling the powder charges would involve
the same regulations as one would f£ind on use of powder .°
explosives. These are in common use .throughout the
world. Powder charges for these anchors can be handled
by Air Freight in the U.S. under proper shipping
classification.

113

W

e N T




Subst

itute for Wire Rope Pendant

"Jear"

An investigation has been performed by NWL and engineering
details worked out to replace the wire rope pendant by a
chain. It appears that a chain coupling is feasible and
practical. A chain coupling would last longer on the
bottom, particularly in-sand. Also, heavy plastic coated
cable could be applled here as an alternate solution.
However, to date, no test firings have been performcd

on this type of installation. .

Arbh A NN 1 g Pz ARG ALY

Tanidhat

N

on Wire Rope Pendants

-jated with the location of the anchor implantment. It

" tained at an operating load of over 100,000 pounds with

Danger tb_vaers

g
i
b

One installation of MK 50 anchors has been in use since .
1963. The usage is on an Intermittent basis. Most

design criteria has been based on a five-year life for

the anchor system. iowever, complete data is not

available to determine the exact life expentancy for .

various bottom conditions. Wire rope life is based on

the ¢éyclic motion at the water-bottom interface, the

action of sand particles within the wire rope pendant

creating chafing on the individual strands, the

oxygen content of the emersion and other factors assoc-

is recommended that a clump be used to remove the
dynamic effect of wave action on the riser to increase
the mooring life. A MK 50 implanted in shale was main- :

the ultimate breaking strength of the wire rope rated
.at 170,000 pounds. :

Calculations have been made, both by the Navy and by NWL .
relative to the danger zone for divers during firing of B
the anchors. Actual experience has been had on the ‘
5,000 pound anchor, wherein a diver was within 12 feet

of the anchor. The shock wvave effect pushed the diver

back with no ill ecffects. To date, we have experienced

no fish kill during the firing of any of the ‘anchors, -
except for one case in which the anchor was fired in a
horizontal position. Fish have been seen fo jump in the
area directly over the ‘anchor when fired; however, they
have swum away with no ill effects. The Navy was unwilling
to comment on their theoretical calculations in ‘the event
that there may be some problem areca arise. I believe that
this is a consensus of opinion of ainyone when being asked
for a commitment of this nature. This is an area wherein
each contractor =wust develop his own experience with his
own divers to determine the level at which he wishes to
work.

.
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fg . APPENDIX VI - .
' A
:
This appendix contains background materials on the Sea-Fix
P . - :
: i radip navigation system, developed by Uecca Survey Systems, Inc.,
Houston, Texas. i
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SEA-FIX is an accurate clectroric position-fixing systent intended for hydrographic use. It was
developed in answer to the need for a quick reaction time, readily transpertable, reliable and accurate
system for offshore operations conceriing serveys, salvage, mine-sweeping, and oceanography, at a
distance from land too far for thie employment of accurate shore-based electronic position-fixing
systemas; or in a hostile situation where th:2 Jand mass is untenabie for any reason. SEA-FIX consists of
three or four buoys housing transmitting stations, and shipboard recciving equipment. Buoy stations
are designed to witlistand severe weather conditions and maintain an efficient watch circle in cu-~ -,
to 4.5 knots. ) . .

The transmitting buoys arc mooread at s22 in a predetermined geographical pattern and cncergized.
These buoys, designated *“Master” aad “Slaves”, radiate clectromagnetic encrgy on a selected
frequency within the 1600-2000 Kh/z range. Each radiates in turn, synclironized in time sequcince
and phase by control signals generated by the Master station buoy. Thesé radiated signals form
stationary wave patterns in space, known as a “laitice”. A recciver moving across this lattice gives
continuous indication of its position with respect to the transmitting buoys. If the positions of the
buoys have been accuratcly determined, the data given by the receiver may be converted into geo-
graphical coordinates by refercnice to a map or chart on which the SEA-FIX patterns (lattice) are
shown, : ’ -

Two types of lattice may beé generated. These are hyperbolic and circular. The hyperbolic
lattice consists of lincs of equal phase difference between the signals received from two transmitting
stations. (Sec figurc 1). These form navigational position Encs; intersection of a position-line of onc

'pattcrn with a line of the other at a user’s recciver fixes his position. A hyperbolic lattice, thercfore,

o

———

neceds at least two pairs of transmitting stations to provide a “fix”. In practice, the master station is
common; the remaining stations are known as “Slaves”. To provide all around coverage, three slaves
may be used. The imaginary line drawn from the master to a slave is termed a base line. In a hyper-
bolic lattice, the positicn lines diverge as they recede from the baseline, resulting in a decreasing
accuracy with distance. This dccrease is shown in figure 2, a typical hyperbolic accuracy contour
chart. ' ) . )
In cases where a high order of accuracy is required over a larger arca, the SEA-FIX system may
be operated in the range/range mode. The same number of patterns are generated as in the hyperbolic
mode but the master station is now installed in the user’s ship; this results in patterns of a circular
shape, which are centered on the slave stations (See figure 3). Whereas in the hyperbolic mode any
number of user’s receivers may be operated on one lattice, in a range/range mode, only one receiver
may use the laitice. An accuracy contour of a typical range/range configuration is shown in figure 4.

The peculiar benefit of SEA-FIX lics in the fact that it is not dzpendent upon shore sites for °

installation. It can cither be sited in at known geographical points in the sea or.arranged to provide a
reladive lattice when exact geographical reference is not required, but accurate coverage of an aréa
is desired., :

DESCRIPTION- . .

A SEA-FIX installation rcady for use is called a “*Chain”. In a hyperbolic chain the master

control unit injects the trigger and master pulses into a transmitter at the master station. The slave
stations receive these pulses, the first of which triggers the clectronic timer, the second locks the
conirol unit to the phase and fiequency of the master, The siave now is “locked” to the master and

.
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on thc shipbe o3l receiver countese witich, when «caparc? wish . m sdravn faltice ehais, will
pive the exact distac  travelled. {2) Tias 196 s predeterminea. St the appsepriate counter reading,

‘_}"‘ox.d slave §s placed in opegation and lowered over the side. (3) There then exists a Rang 'c/
Range configuration wihicii can be used io position the Master-station. In practice the ship steams
along the required range circle from one slave and lays a marker buoy in the required position as
indicated by the readings obtained from the sccond slave. (4) Predetermined readings are taken from
the standard chain configuration cables. :

The master buoy is moored over the position buoy, the bascline extensions of the two slaves

. ‘crossed and the chain is fully operational. :

Any number of vessels may simultancously use a hyperbolic chain, with only a recciver and
track plotter aboard. However, when a high order of accuracy over a large area is desired, and
the use of only one active vessel is permissible, the sea-fix chain may be rearranged into the Range/
Range mode. This entails operation of the Master station and the Sca-Fix receiver aboard the vessel.

The Range/Range systcm offers several distinct advantages over the hyperbolic method of
operation: .

A. Only two stations need be moored, thus saving time and maintenance,

B. Computation of a hyperbofic lattice is avoided. The position lines are circles centered on

the two slaves. . )

_ C. The mcasurcments are unaffected by “lane expansion” and so the effects of phase errors
in terms of distance are relatively small over the whole arca of coverage. The arca covered
by the higli-accuracy contours is much greater than that of the hyperbolic chain.

To establish a rangefrange chain, only the slaves are moored, as in a hyperbolic chain. The ship
then steams off a distance and measurcs accixrately the range to cach of the slaves. Several of these

Q:asurcmcn;s compared with recciver counter readings will indicate the fractional lane constant
ror which must be subtracted in preplots and post plots of the area coverage.

Accuracy contours for typical hyperbolic and range/range chains have been shown in figures 2

and 4. Each of the systems have their appropriate use and cither will give repeatability accuracy well

within the practical requirements of modern hydrography and oceanography. Repeatability of the

hyperbolic mode of operation is accurate to within .01 Lanc: Of the range/range mode, .015 Lane.

" MAINTENANCE . ..

. The SEA-FIX buoys are constructed of a low-mamtenanco m'ltcnal and rcqunrc only occasnonal
cleaning. A Lister LP1 diesel motor generator is utilized to provide long life and minimum main-
tenance. It can, however, be removed from the buoy and serviced by any competent dicsel mechanic
when required, It is recommended that at the end of cach survey, the diesel be rumoved from the

“buoy and tho:oughly cleancd,
The. electronic equipment is of solid-statc modular construction and requires a minimum “of
attcntxon. - )
‘An operating chain must be scrviced at Ieast cach 30 d1ys.
One qualified technician is required for overall maintenance of the chain. He will be stationed
aboard ship with the recciver. Utilizing ine recciver aboard ship he can make rough checks of the
.. -slve operaticn, and with the proper test equipment can provide field maintenance and overhaul of
.1l total chain when it is hoisted aboard ship.

| e

FLL

A space aboard ship is required for the maintenance technician, in which he can store test
cquipment and spare p:irts and perform bench maintenance of clectronic units, In chains which
prcmtu for very long periods between recovery, it is advisable to have spare transmitters and control
units to facilitate servicing. This permits replacement of units and assures a minimum down time
.of the chain, . ) .
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T xmission(f!'cqucncy) '
T :;:;-cr frequency

'l'yp«; of transmission
s.witching.ratc' ..
Radiated ;;o“'cr

Maximum operating range (over sea)

Maximum receiver speed

Power supply

Refuel time

Fuel

strumental Accuracy
bﬁcnl Positioning Accuracy

of the Systent

BUOY STATION CHARACTERISTICS

Buoy station complete
(without moor block)

THE BUOY

Length

Depth

Beem

Wcight‘ in air (less equip)

Mooring Equipment

Watch Circle

30.days

‘Nomix)nlly‘in the band 1600-1800 ke/s (kHz)

Transmission frequency less 60 ¢fs (Hz) i -

Interrupted continuous wave, time multiplex

"
- ——— b

Five times per sccond ..
Approximateiy 1.5 watt from 30 fcc;_t_ vertical antenna
30 N Miles

Onec lanc per sccond

From 22V to 28V d.c. provided by Lister LP1 Diesel M/G
delivering 15 A at 24 VDC )

10 gz'lllon-consumption rate of 1 lb/day'

Better than 0.01 lane

Better than 1 meter on the baseline under optimum condi-
tional. This figurc represents long-term and short-term re-
pmtabnhty over sea water 2t the 65% probablht y level,

1000 Ibs dwt. , S
2800 1bs net buoncy ’

18’ loa. 4' draft, 32’ hecight above water to tnp of antenna.

18’ divided into two 9’ unsinkable scctions

¢ vive o

4 . .
2'

600 Lbs. B -

Integral mounted reel w/200" of 3/ 16" wire rope. 60" clastic
accuraulator. (1500 1b concrete block with short length 2"

chain is customer furnished)

5' in 180’ water dcpth'@ 1.5 Knot current
10 in 200" water depth @ 2.5 Knot current
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n preparing the chain for opuranon (figure 12) the two halves of cach buoy are married and .,
‘md The billast Bock issecund o thic Lortom® scctionor e WOGHAE MAE pipd.The electrofiic - ~ -~ = e

uipment is checked for proper operation and the batlteries are tested. The divsel ;,ﬂncr.lto 1S arc
\..nmd to ensure proper operation and the fuel supply is checked. Then, when the ship is exactly in
rosmon, the first buoy is lifted clear of the ship, the aachor block is fitted and made ready for
owering. The anchor block is lowered by a separate, buoyed line (figure 13) which is allowed to
float after the station is moored, and is used to reirieve the block and anchor line. If circumstances do
."pot permit recovery of the mooring gcar, it may be released from the reel and allowed to fall to thc
pottom of the sca.

As the anchor block is lowered, the wire rope on the buoy reel will pay out until the block
reaches the bottom. At this instant, the reel is locked and will maintain a tension of SCO Ibs on the
fine to ensure the minimum watch cizcle for the buoy. The station is operating.

The ship will then proceed to cach of the other predetermined locations and follow a similar -
launching procedure for the other buoys. . -

There are several micthods of hym;, the chain and placing it in opcration. Among which are: _

A. Known predutcrmmcd geographical pocmons for master and cach slave. ’

B. Crude positioning of the master by means at hand and posxtnonmg of s]avcs by electronic . _ s

. relationship to master, . T )

C. Laying the chain fo match a pudct»rmmcd lattice. . .

It is to be noted that the exact gcographical coordinates of an offshore oxicrating area rcquirc'd
for A above will seldom be known within the accuracy of a few feet, Conscquently, the SEA-FIX

('”\stcm will more often be positioned using method B (figure 14) by fixing the position of the
giaster station by dead reckoning, astro-fix, or some other clectronic positioning means such as radar,

The master station is planted based on such location information as is best determined with the
tools at hand. (1) the ship sicm:ns on a bearing along one edge of the desired operating a?ca, cstimating
its position from the master station by the best means available. When a bascline of appropriate
length, say 15 miles, has been coverad, the first slave is lowered into the water in the same manner as
the Master, operation checked, and moored. (2) The ship then steams across the extension of the
baseline from master to slave and the pattern reading of the appropriate counter in the receiver is
logged. (3) From the slave, the ship stcams off on a bearing such that the angle made with the first
bascline is 30 degrees. After a further 25 miles, tlie second slave is lowered and moored as before,

{4) The baseline cxtension of this slave/master combination is crossed and the appropriate pattern
reading on the ships recciver is logged. (§5) Finally, the vessel returns to the master station, approxi- L.
matcly 15 miles away. (6) This chain will then have an angle between basclines of about 120
degrees. For most purposes, base angles of 120-150 degrees have been found to give the best com-
promise betwecn accuracy and arca of coverage. At the master both bascline extensions are crossed
i and the pattern counter rcadings again logged; subtraction of these readings from the prevxous
individual slave baseline readings gives the length of cach bascline in lanes.” "~ -
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This information is given to the cartographer who will prepare the hyperbolic lattxcc In
addition to this input, the cartographer must know the general layout of the chain and the spccd of

propagation of radio waves within the area illuminated by the chain, .
Although less accurate, method C (figure 15) is preferred for speed of establishing operations.,
In this method, lattice charts arc prepared by the cartographer to suitable scales, in advance, Each

PRV ISIVIgR [ V1N

w vessel engaged in the operation is provided a quantity of cach lattice chart, The chain-laying vessel
thn prepares the buoys for launching as indicated above, Ilowever, in this method the slaves are
aid first. The master and one slave are placed in operation on deck of the vessel. (1) The slave is
lowered over the side and moored. The vessel proceeds on a heading toward the desired location of
slave number two. The master buoy aboard the vessel and the slave in the water will provide a reading
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contains & phase datum which is continually updsted by wnd kept in phase with the master trans-
-msswn. Each slave control unit then in time scquency injects a pulse into its associited transmitter.
- slave radiated signai, together with that of the m.lslu is_picked up by theuser’s receiver. which

o - oo c

" A A a0
Bl e s o berd-sets-ofhy POl as iU irverses (e opcr.mox.s arca, Where thrae staves are used, thece sets

of hyperbolae are generated called patterns 1, i1, and 111. Any t\"o patterns are sclected by the user;
the position lines of cach arc registered on numerical counters. At any gmn instant, a fix is provided
by the observed readings on both counters. .

In a range/range chain two slaves are positioncd as in the hyperbolic chain; howcv"r, the master
station is installed aboard the ship together with the user's receiver. When the ship iraverses the
: operations arca, the basclines created between the master aboard ship and the anchored slaves vary
in length and the user’s receiver sees patierns of circular position lines centered on the respective slave
stations. Fixes are registered by the lane counters as before, except that counts are arranged to ascend
as distance from the slaves increases, whereas i the hyperbolic chain, the counts increase with
distance from the master station.
. As mdlcatcd in figure S (timing chart) a scquence of transmissions occurs five times a sc»ond or
" once cvcry 200 .nilliscconds. The trigger pulse occupies the first 20 milliscconds of a sequence
followed by a 10 millisecond buifer period to ensure that the slave timer is synchsonized. The master
transmitter buoy then radiates for 40 milliseconds, followed in time sequence by cach of the slaves.
Al of the buoys radiate on the same frequency with the same power and bandwidth.

The master station consists of a Master Control Unit :m(j Transmitter (sec figure 6), Diesel
Gencrator, batteries, fuel supply and antenna mounted in a buoy and dcsignccj for unattended
operation for periods extending as loag as 30 days. Altcrnate power supplics are available. Batteries

A
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alone may be uscd for operating pcnods up to four days. A “pinger” can be added to cach buoy to

Each slave station consists of the same elements as the tr'msxmttur s(ahon except that a slave

g facilitate location and secovery in emergencics.

control unit-is-used.

Each of the buoys is identical in appearance (see figure 7) and each is moored with an identical,
onc-point moor consisting of 200’ of 3/16" wire rope cable wound on a winch atop the buoy and
attached at its free end to a bleck of concrete and a danforth anchor.

As an alternative floating station, Decca offers SEA-FIX mounted in inflatable rafts suitable

for short-term operations in moderate to smooth sea environments (sce figure 8). The cquipment is
housed in water-tight fiberglass molded containers and is sécured in the raft at time of Jaunching. The
1aft reduces to two packages: a 42" x 20" cylinder and a 34" x 25" x 5-1/2" carrying case.
. The shipboard installation consists of a SEA-FIX receiver, associated power source, and an
antenna mounted as near the clectrical center of the vessel as possible. The receiver is gencraly
mounted at the plotting position within the bridge and can be installed either temporarily or
permancntly (Sce figure 9),

In addition to the recciver, a Decca Track Plotter is installed. (See figure 10). The Track
Plotter accepts SEA-FIX receiver outputs and displays lane’count readings in rectilinear coordinates
plotted on a graph by a stylus. By use of the track plotter a continuous recording of position is
maintained as an aid to stecring andfor as a permanent record of the area covered by the vessel,

The mooring system (see figure 11) consists of a 4” diameter drum wire reel with a disc brake,
upon which is rolled 200° of 3/16" diameter wire rope, The reel is mounted atop the buoy and feeds
the mooring wire through the center of the buoy and its ballast, to end in a 60’ length of clastic
shock cord. The shock cord consists of 4 elastic cords 3/4 diameter. Permanently secured to the
g frec end of the cord is a three foot length of 1/2” chain. This chain connects the mooring harness to a

01500 Ib. concrete block and a steadying danforth anchor. The system is designed to maintain a
mooring tension of 500 lbs which will ensure that the buoy maintains a minimum watch circle in
conditions of heavy scas or high current. | .
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1
Qutput L 15 amps @ 24 volis i
: . . : .
Batterics - 2,12 volt 100 AH heavy duty :
- Opcration Demand. Automatically starts when battery voltage decreases

~to 22.5V and runs until vatterics are charged to 90% of
maximum capacity.

Fuel _ - a . Diesel fuei . '. . .-

Fuel Capacity - 10 gallons to provide an operating period of 36 days
Fuel consumpti.or.' 1 Ib per day -

THE ANTENNA . 30’ fiberglass

THE TRANSMITTER . * Decca SEA-FIX solid state R

v

__Power output . . LS watt

Power.input . ' . 2 amps at 24 volis, key down condition—.6 amp Ave current
THE CONTROL UNIT Decca SEA-FIX master and slave control units
Power input o .G amps at 24 volts

SHIPBOARD INSTALLATION

permancnt mounting

Power input. 2.7 amps-at 24 volts (providcd from batterics or vessel)

Readout Decca counter numerically mdlcatmg lancs and parts of a lane
C suitable for 2 simultancous readouts

é I T T L Lister LPI Dic's’él gonerator developing 1.3 hp. 1800 RPM - - -

THE RECEIVER Decca SEA-FIX receiver designed for shipboard temporary or

o veeeana «;wnd\«huﬂ._‘

[




. . . .
THE TRACK PLOTTER Rectangular coordinate plot of course made’good by vessel. ’ N O
‘~_ » ‘ _.ser input . "% 2.5ampsat 24 volts ' a o1 5‘
32 . - . . k
»‘.l 4 ) . od

- paper ’ . Decca #350/VG Graticulated roils 20° or 120°

: stylus Biro ballpoint 6/34GA — Red, Green or Blue ' CLiL

" TABLE OF WEIGHTS AND DIMENSIONS . R

ITEM . WEIGHT  LENGTH " WIDTH . HEIGHT S
BUOY STATION COMPLETE 1000 Ib 18" 2 32’ to tip of antenna -

© MOORING HARNESS COMPLETE 17501 (including 1500 Ib concrete block) s
| TRANSMITTER © 6lb - 2 o 6 _
‘ CONTRbL UNIT o 10-1/2" 24" | o - e S :
‘ ANTENNA . 641 . 30’ whlp base mounted . C o . ’ —

: GENERATOR - 14016 - 17-3/8" - 127/8" . : 17-1/8" —~
4 &iﬁERIES o 60lbca  16™ o8 g e

FUEL CONTAINER " 10 gallons integral to buoy

] RECEIVER . © 293416 17-1/4" 12-7/8" 812" -

.‘i . . . Lo . . - !
TRACK PLOTTER .- 541 17-1/3¢ . 15" ~7}5-3(4" S
: INFLATABLE STATION 900 Ibs 12' 6" . 410" . 3

2 ) - (top of case to -

1 _bottom of raft) -
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Fig., 2. Accuracy Contours in metres for the Chain Layout
of Fig. 1, Standard Deviation of 0.01 Lane.

127

)







>
. » s
.
3 &
SN ~
v i
H
O
- : P
' + "
o
Ve
9
U 4 '
o v
N v
. oo
-
' .
K
H +
+ 1]
3 - .
O . Y
w2 - .
- B .
’ v oy V -
.
. * ) M. wo
“a
] -
5 -7 § o«
. -
.
"
I -
.
e
-
v
[
| .
w .
.
. LTH I
*
»
' - .

vy

[

e smat rw a9 U vt e e §Y W

.
v - -y .
-
. -
»
. - '
"
" .
N
o - *
" -
N .
-
" N
0 M -
.
-
=
. " -
’
. .
. -
e
.
s
+
"
i
[ ‘ .
.
.
'
-
\
- -
»
A0
-
"
. = .

=3

Jemvam—
Vieimes d

Y

]
H

i

layout of the two-ranqo

.

1ain

3

rs. in meters for the ¢l
ig.

ntovu
. -
shown i

1Accuracy co

mox

o

L}




]
i

3

5 .

2l :
3

A

:

.r‘

3

'
23

:.

L

R

s,

)

3 ,

A
K ¥

. b

!

4 .
-
B

.
H

-
# -
2 -
.
P
H
. 1

H

IS NS e S tta sty MBI N 33 @

@

TIME IN MILLI - SECONDS

no

150

ARARERARANANANY

1 -
! z
% ]
- s 5
. ¢ ., . = :
{ ) ) . .
14 2 .
2 ) H 1
- : - -'.‘ i
- - - - . i .
L ' . -‘
) 2 ) : 1
H
1 H
2 ' . ,
t= -
: -
1e 1 . R
. Lo, £ - i
o 26 30 70
! 1
! ’ y
[} . ‘ ) H /
g ]
NN AAMANANAN :
2 IL I AAAANARRANAAN
:E 1
t -
]
: - & -
. . "
- o
TRIGGER MASTER +  SLAVE !
] y d '
I H i
! ! .
¢ =
J f .
I H
i i
H ' ]
H ; “
» ¥
¥ ‘ [
i ]
N i
{ i .,‘ i ]30
\:
¢ H
] § l'

AMMRIREARNN

SLAVE 2

SLAVE 3

SPACE

ALY

TRIGGER

¢ D LIRS

¥
e

ve rmtath AM Y

- oEs




——

PR LR
oot Ny
ey .

131

Fig. 6

L

s Sttt oy, S\

1)
. . /l...ll..llc .-uﬂllulll'l\\..

.
.
.
/I ,

PSR TR I e TIL DL

.
e ettt et et s

.

-~
3

O

o

% * - it
NPy TSV P TP L A S TN TP OT

v wes tcarIAT AWy

T B R Y e




] PR L BT X 1) (L LN R S I NS LIS N ) f
- - . *

» oeo? o2t ' . bl o .ﬁ. l.& -
Y " Y QA -
O e it O e bl B RO e _.L - k
WA I R AL RrNY Oy P ) bt oo 1N oo o Kmaral TR [FICRANE 5
107 AY w40 BN SO 4N T a4\ @ e 3w
1090 (1 § s 31 3% ¥4 §% A dedPP UL, ! Diateaa B T
P e Lo e R I ) AP - = e e
A P lnd? semammne gty M 4 - 4 o e o o 3 o

TR IV o3 . tt-*s i X vy

N X




i
i
3
!
23
1
T
"
!

N

Rt Y
s SATIEZIES —» ] DIESEr
[ (S U |
s I/-\ Qo FUEL
Zo ¢ cw
LS e e .
' wa !
- s - -
S ; ;
\ . ’
' 1

L ]
ANTENNA_ 17 .
- - ./’/- - -
e N e e e e s ey
3 1
’ |
S A Y NP, S gl
1 | : : i 7 -
¢t b N
' { i/

.
Pt -

—

[y
Ln«

. IJ

{

-

C

s,

L.

|

LEE IO Y'Y
—tn g

... :.)

(!

1

C

"

)

i
LY

C

)

N

!

. -
————
*

¢

= w ot

ey

ST A Ay

"oy

PR,

AN vamn s HbIAIIRT AR

RRTTTH

o3 e

LAk aves

oo

LEETE TN IPUY N

R T T

LTI

A Ax s s g puevan

Srm -

[ygpee———




e e

) . ) .o.r..
. o\
. . *
...-/ .o < . so‘\.u- -.
ERTIRURTAAD) MR 1 1T ) [é) l.\u.
WA Vidvas b 7 «\ A T
. . k) . " \‘ .m. ..
& ¢ g Wyu\ly _“ m wm
D MG § S 53 SAnS U S e v S Sy LAl g » Py 0- ~
° T = TR T .lﬂ XY 1l~ '3 e ) Y a ]
~ D N / Ya. . Wi N
\. . AN e e e
L N
K} [ . . “ pe L hs
| ! ’ . R
i N
R S
: _M J: . jhe o
” v .- ' w ! “- }
| i T
_ ” ) 3 m T ,
.-.. H -..0._. J . e ¢ ."~ . l-
! ) S ! ' X
Y _r.ll...ﬁnkn. NCTRERAR - 4 2 » _u .,\“
N il
. . o
" . AN Jivw ' ! ﬁ.l\
, . P vanesaiig, AN ’
- "8 it Wi e
. . .
* ) R ' i ) . .
. . . . . N ]

4ot REPRODUCIBLE

Fiq. 9

134

. apeeny WA gen

A S wen WA CLINE PR Syt we w.e S ee g,




- . SRS o
- .- e T a0 ey g v -
oy Cam st e o = S g mer men e e o w e
= . ErA P A . ~
- R .,
LR
. R
A - -
- ——— —— — - ——— P ————— i -

-
. .
:
: 4
. 3
i
!
L] "I
.
- L2
. v .
’ ) . f',
® - -
3
. H
.
) :
- »
.
- ;
.
-
.
- -]
M 4
- - hd - '
- .
. s 4 -
- :
c K
.
- -
- . .
- - -
.
- - . -
<
.
.
N .
. -
D v A wee SN A = T SN .
TSI JEeRe S '“\;::—':;':—'-’-’; .
. t
- Ad -
[Ty P PINPIR - PR . .
'.=- .. - —
9= - M ":-.4-;. .o -
- - - - - -
3= . . - .
- - - ;- - - s o=
H I Y s i . ]
- I‘: - - , - - - . . H
-~ - ~ - - . - =
s - i - N ) .
- Tiih - . - i - H r e ] - .
i e at . 4 .. * s. 0t -
1z RS -
. — - : . - 1
LT . N . .
S = . H
L ot 7y P BN 4
Ld T . .
- P « me o= -
’ re . . . .
- . . . . 3
. 3 [ .
:
- :
- = ,.P o [ -
. e " . " PR | "V:‘ !
" e. PP PL SRR RIS Y G £
. T b S I 4. 105 - oy S ot s P i
> (V1Y) Y .
. . .
- - . -
.
3 -




R

“r qeme

" e UTRL SRR

LIFTING £YC
L)

B ————a”
£

|
L3

s

r M

roo1 . .

t.w.L,

.

4 ELASTIC SHOCK
CORDS 3/470.0.

15001be,

86X 2%die PIPE

[ JOO IL.BALLAST .

-

‘[ (o

401s,
free "'ho

N A ,172° CHALS

DANFORTH ANCHOR

LOCKING tINK
. Sy )

b}
R e L
-

.\\_..
—

I

1010,

‘C\J’\ . _

* 130

FIG

1"

Rz T darad il

tDa Y eaddd

)36 -

AL T S i

B weq vy 7T

cwe e e ve aneee o maggn

L A e L

v

R

[

PENRUAE MMS PG A BRI IOA AN 1L WA Ra kL RPA ALV WAL IO AAIII00 0N b M RIBRAE B ¢ 3N C

+

PR

T




o

RY

[y

.

N

I . ~ a

[ P S T Sl ANTY . RTNIH

R Y- RN N

.

B Lee wmd

e atee T e A A

LSRRI |

’e




5 . - e e “wr aeemr T, gt <e oy e B L T 2 I -

‘s v DRt T RIS VLS B g ’ ~
s

B P A TR R ST Y

RSt r\_‘.n,;‘:,

o '/

) e
o VA
Bt

Fig. 13

V¥ v
+
-

TS

TN NP (Y

A

oz




A 'm . . . | | |
- ,l..A- . . | | | l
S ) . ot
,n,- “ _.t v . | |
.. | ...» o . . . g . . 4
B R t | |
s v . | B |
SRR . v . .
. . < . | |
PR . N . . < | | |
. ( _~ |
N . y ( |
. ” , < | |
- o « | | ll
. S ]
1. « ; |
,.. | D
. .o , “ . |
e - N 5 . | “\
. N ( 2
LR N ( ; | | :
~ ' . < ; \.
| . | N » —
1 A X
. . . . « u..M
. ) TR
« —
v
' . ( ,
( ....,..M...'a
' . « ..m..u./.%,.
t 'n-’
] < ...NAW.. |
| .
t
* .

(((((((<$$(<<(QQ<<(((

&

-

J ©

e yresanis Rt Lew

-
-
-
2 .
[Py
3 g9

RIS RS ey

s d S,

PR NPT TUTrY |



Yes Min g Faw

LPT N R YL RN

Martve,

RIS XXV AR

wn AP A8 e N Sers

v — e

Y

x"‘

Reduced Theodolite Readings
In
Universal Transverse Mercator Grid Coordinates

( Zone 19, False Nortning, False Easting, Time)

- mrrn Tww

-
P R N N R N RPN

.
R R T T PRty S
s

e

-
iy o i,
LY

FAPERRRAE S P

.

[

L9

A I o




e

Hh 57,0007 10

“’ ] ‘}b.v‘ 7 u-nl "e T,

: s s . ! ‘
‘ 26 /fv?«. 19¢%

», !C,n/.’/‘\‘, "?66: ' . St . s . . - . ]
pL s . ’ ;U2 Gl ":""‘ Havlivy  Prbe Do vy PLy=
8430557655 0705134758 _s ol 1 i i ‘

Lo 437657655, 70 51 34,9587 ' ,19 1471516158 - 348702.01 1000

L j o= R A oo F - s 3. ,

y 0430687652 - 070511',757 , - R
__-._,>43 6 57. 652’ .70 51 34.757 L«m, J19 - 4775161.48 ’,: 348702.03 [oos
: : u o, '
N _2(36657651 0705]34754 , s Do e S
43 6 57, 6517 70 51 .,4.754 19 hyIsIelies ¢ 348702.10 lolo
! . , ) . . -
0430657647 07051347&1 I I -
L 43 .6 57.667 . 70 51 34.751/ no19°  4775161.33 348702.16 . /0I8
0-(300_5]6_5 070511.751 s o L S
43 6 576657 70,51 34, 7;.1’ " WJA9  T4775161.27 1 348702,16 /0O
QUB0GSTRAL. 0703136740, s I Tt “"
* 43 6 57,6417 70 51 34.749* Jd9° 477516114 . 348702,20 ~ reas !
N - 3 * f . . '
i 0530657636 070513,4740 5 ,‘ L s f o ro -
43" 6.57,6367 70,51 36,7407 19 ' T4775160.98 348702.40 . j030
. !. . H P H
30637631, 07 ;1147:42 S, T R : !
43 6 57,6317 170 51 34.722 W19 1 4775160.82, 348702.80  1035”

. R30gIEs1 0705134712 . L i~ -
. 43657 6317 70 5L " ?u;z,' ! J9 . 4775160.81 . 348703.08  /OY9
0&306,&7@2 0705134688 5 ek e

_ 436 57, (,zz’5 70 51 3lx-.688/ v o190 ' Thi75160,52  1348703.57 __IO‘/{ -
, '-" ' ! ) P . ;
'f GORIGIS 070513663 s C L L
. ,3 6 57 6187 70 51 34,6837 J9 477516040 | 348703.68 1 /050
. ||-I-| : ' " . -" / 1 . - ) ]
GiETen OT0SIMT0E LS . @i . S L~
LIS 65T 624’5 70 51 °4 706’ 3 419" T4775160.60 , . .348703,16 - /0S%
# * o O . . ;
04,3055_705 07051347Q7 8 = T P :
43657, 615 70 51 34.702’ & W19 ATI5160.321 348703125 a0 -
. , ' ,
Q.ﬁ%:ﬂ@l 070 136699 S =S ‘ e :

VR 22 621’S 70 51°34,699” 2 .19 “4775160.50 34870332 | 1108

.' Q,L30§,,](119 07051%60,3 .5 o om D e e
.43 6 57,6197 70 S134.6937 ¢ . 197 477516043 ¢ 3us7034st ///O°
oy . v { ' . ¢
TRA30657618 070}13[*097 o A vt 1" '

43 6 57,6187 10 51 34,6077 A9 T47Is160,6% 34870336 /1S
: “
0430657616 - ozo)wmo WS . - . o
’\23 ?6 37, 616 ]0 51 3[& 690/ «19 . “.4775160'.3[* , M3('8703 52 ! I.{Idto
« e, . . i § ' ,'
QU30GIIRL2 070513 6&5, N " - v :
83 6 57,6127 70 SL 34,685 29 Thrrsie0.21 348703.63, AT
: ( t ’ i , )
Q30637610 0705734670 AN “
4 i) ;/ (,/o/ L1900 h775160,15 "/u'?(-: S/ i
235 y gL oy Y RS NS A St ot DR RAVIRAE Yo




s

' 1., in'e ';'-'1 3:,,_,;. -,‘,_n ___-'; .. o ,., ——. ; .
- &3 6 57,6077 : 70 51 34,634 219 5775160.06 363703.65. a5
32;-'&30:3.5.7!:10 0705334671 s L o _‘_; 1
O 43 657.610° 70 51 34.6717 W19 4715160.15 365703.9%  JIYO
-1 M : t - . . . E
o 2530857502 07CSI2%674 =5 - — -
43 657,027 70 51 34,6767 19 T 4775159.90 346703.57 15
- 0430657819 0705124721 s -, - . — '
43 6 57.619 7 70 51 34,7217 A9 4775160.45 3sg702.82 SO
1 gh30657403 . 0705134635 L5 - - "
43 6 57,6037 +70 51 34,685 s agisise.s sspes.cz s 7
Q430657615 0705136686 s ' - - o
43 6 57,6157 70 5L 34.636” 19 4775160.31 348703.61 13O0 3
! f 3 . - e g
- 1 Q430637603 0705134602 s - ' s '
: 43 6 57,6037 70 51 34,6927 J9 - 4775159.94 34370346 1[0 ;
i . . : e H
0430657606 0705134670 .5 ' - - ]
436 51,6067 70 5L 34,670 o 19 4775160.02 348703,96 1215 1
0430657606 0705134682 .5 17- . - — ‘
.43 657.6067 70 51 34,6827 219 4775160,03  + 348703.69 1330 - . _
)¢ 0430647607 0705126680 8 - S -
- 43. 6 57,6077 70 51'34,6807 J19 . 4775160.06 343703 .74 {«22{
' 9 ' QA30837609 0705134630 .8 - C e
= %3 6 57,6097 70 51 34,680 7 19 4775160,12 368703.74 1330 -
’ ' ° : ! . *
0430857600 0705134679 -3 “ ' - '
436 5746007 70 51 344679 7 J9 477515984 348703.76 (235 .
0430657610 0705134689 s SR - : :
43 6 57,6107 70 51 3446897 J9  4775160,15  348703.54 - 1&YO
© 430657609 0705134707 .8 “ S ,
. 83 6 57,6097, 70 51 34,7117 - 19 4775160.14 348702,90 1395
i * ., . _ , . . . . [
30557616 0705134708 ..5° o - ot x
7843 6 5746167 70 51 34,7087 J9 4775160435 - 34870301  1&SO
wooses oS s L L T e
T 6 57,6257 70 51 34,7327 A9 4775160,64 368702,57 * |ASS -
Q430657620 0705134708 .5+ . - - i
43 6'57,6207 70 51 34,7087 - J9 . 4775160.47 8703,11 10
—ex seens  #ve e o o ses #%s o v wre vee .. . .‘ - H
| QAGOGATEN : O70SIAGT2 ws T ot et At T T ’ o
%36 57,6147 70 51 3447227 19 4775160.29 34870279 (305 f
0430657620 0705136795 .5 I §
: 43 6 57,6207 70 51 34.726% J9 4775160476 34702,71  13/0
\ ' ! ’ i . |
: DLI0ESI 3L 0705134738 .3 o - ' >y 1
: t 43 6 57,6347 70 51 3447347 19 4775160,92 38702,56 1315 ;
L 030637618 0705134736 w8 L "3 - - ;
; c. 36 57,6087 70 51 34,7367 7 19 4775260443 348702 ,42 122G
I i

o em R W s o b e So—

.

awm e ..




———— e o

-
e L@ = 08 Wt e s -

.. 9430557650 ©705)2% 7:‘_6 s

WidU078d  wivdl ihins s

-

43 © 57.6257 70 53347257

0530457540 07053346769
43 5 57,6607 7051 31..7.,9’
030557¢40 OIOSI2LI0 5
4376 57,6407 70 51 34.750

436 57,6407 70 51 34,7467
&;30617_6.37 07osi;l711 s
43 6 57,6377 70 SL 34,7517

0430657657 omswuo s
43 6 57,6477 70 51 34.756”

0430857540 07051 4750 _s
43 657.807 70 51 34,7507

0430657640 0705134753 5
43 657, 6407 70 51 34.753”

Q430657666 0305134750 s
43 6 57,6447 70 51 34,7507

. QA30657647 0705136756 _s

43 6 57,5477 70 51 24,7567

0430557644 0705134753 s
STl 70.53 34753

0430657 346 0705134751 oS
43 6 57.6667 70 51 34,7517

Q430657646 07051147&6 _s
43" 6 57,6467 70 51 34.746/

0430657643 0705125745 s
43 6 57.6437 70 5L 34,7457

Q430857650 0705134752 s
43 6 57,6507 70 51 34.752

| Q30857635 0705134758 .5
436 57,6357 7 70 51 34,7587

QUB08STAIS 070514785 .8
43 6 57,6157 - 70 51 34,7857

0430657638 0705134710 S
43 6 57.6387 70 51 3447307

0430657644 0705134738 .S
43 6 57,6647 70 51 34.733’

0430657661 0705134741 s .
43 6 57,6617 70 51 34,7617

0430657460 0705134717 .
336 57,660 7 /0 .,1 1;.711/

B R

143

-« *0 e = ses e - Gemvetew erw

19

19

«19

.19

Iy
19
19

19

19 -

19

19

19

:e19

“h175160,54

“%775161.11

“4775151.11

comrmsoLre %o wu ew ® w weve

“4775161.11

oly
4775161.02

477516133

-*° T
4775161.11

“4775161.91

ol
“4775161.23
“4775161.33
aly

GFISI6TR2S
“4175161.23
oy

4775161..29
oy

4775161.20
477516142

“ o
4775160,96

",
47751.60,36

o .
477516104
“4775161..23

4775161,75

T

— - -
R T

34576266

“ -
348702.20

348702 .13

el I L PY-JP—.

34;702 27

34870215

~348702.05 -

~348702.18

. .
343702.11

gt
348702,18
. - =z
~ 348702.05
“aes70243%
o _
348702.16
gy
348702.27
axoly
34870229

34870214

~y ’
348701,99

sngly
348701.37
e
348702 ,63

“"34,8702 .45

e

348702 ,4,0

1355 ‘
1400
rqos
1y/6

1415

[4A0




N T 2 WOJLcl:bA- ' - . < !
£3 6 57.852” 70 51 34.75:’ .19 477516143 IGIRAS 5y
030357656 0705134751 _s . - - - '
O 43 6 57.554 7 7051 26,7417 .19 4775161.54 345702.39 1SS0
." 0557261 0705124755 _s - -
436 57.661” 70 SL 34,754 - J9  4775151.76 358702.10  Js3s
, Q30657652 0705136739 s ' N P
f 43 6 57.662° 70 S1 34,7397 J19 4775161.73 3481044 1590
t . ) . -
: 0430657658 0705135752 _s ) - -~ :
&3 6 57.6587 17051 34.752 - .19 4775161.67 348702.15 1545
0530857£55 07051";‘*7.&2 J i - ol )
43 6 57,6557 70 S1 34,7427 19 4775161,57 34870237 /5750
430457662 0705134752 _: Lo S :
43 657.6627 70 51 34.752’ 19 4775161.79 348702.15 - [5%5
0430557661 0705134740 _s . T
- &3 657,661 70 51 34.740’ 19 47175161.75 34810242 (€06
0430657572 0705134729 T . ' -~ ‘ .
43 6 57,6727 7o 51 34.729/ J9 °  4775162,09 348702.67 - [634
, " MB0RTE3 0705136759 s SR o
L 43 6 57,6737 70 51 34,7597 - 19 4775162,13 348702,00 [L4o
9 G306 0705124743 s ' i : — :
436 57,6767 70 51 34,7437 J9°  4775162.16 34870236 [ 45

/V‘-

_ - awD:e-oQ /O%zs T
S 7
VRV /[/2%’/'

-

pONS005F6H70~=0795234

sc5fl s

T 053085751 D~-03053367:533 =5 .

: wm 5P/ FI0 e nF DG Fel P 5.1:~-~--~~~--.L9~--"~-’1‘x OZ. Shv )G ummmnnl; 3l 608 752
0430657648 0705134753 .8

P — y
)L 86 sles s 70 5136,95 7 A9 Twzsienss sz /(RO
: ” - " .' . C"\‘h#\.:(')\ﬂ(/ ,C/Z 1%2“ i
‘ . - ’ . i T Wel o
| ' / oS
| 144 (74

-




v® . Ld. & Y T ol SRS & .

-cld |
°C pl ;’CI- Iv f((-c * - ZH {9 ‘ - “" e ol - M
0420657654 0705135735 _s ) Ne. [ Nemo mE TEhe
L3 6 571.6%47 170 SL 24,7367 - 19 4775161.23 348702350 105
: 0430557Gh6  0T0SI3LT36 s : - - -
§ &3 6 57.6467 70 5L 34,7367 .19 4775161.29 348702.50 I700
| 023065754 OTCSLIATI9 s LT e O o
43 6 57.6t47 70 51 34,7397 A9  4775161.23 348702 /43 u
3
0430657641 0705134729 _s ) - .- .
. 43 6 57.6417 70 SL 34,729/ .19 4775161.,13 - 348702.65 11/o
y ) . )
' 0430657632 0705134705 _s - —
43 6 57,6327 170 51 34,7057 J9  Th7isico.ss usi@.y  N1/S
04630657532 0705134589 _s L - PR
43 6 57,6327 70 51 34,5897 19, 4775160.83 348703.55 1120
A - . - -
0430357620 0705)35566 s : - s ' =
43 6 57,6207 70 51 34,666~ 219 4775160445 348704606  1)12&S -
' 0430657619 0705134634 s y _ : —
C 43 6 51,6197 70 51 34,6847 19 4775160.43 348703.66  1i30
o 0630557623 0705134682 .5 - - : . - -
£3 6 5:,6237 70 51 34,6827 - .19 4775160,55 348703,70 /135
_ 0430657820 0705134680 s - -
: 43 6 57.6207 70 51 34,680~ 19 477516046 . 34870375 (1910
. ;. Q430657316 0705134663 .8 : - — :
E 43 6 57,6167 70 51 34,663~ 19 4775160,33 348704.13 i4s
’ 0430657620 0705134655 .5 “ - x
, 43 6 57,6207 70 51 24,6557 W19 4775160,45 34870331 1159
| 043065751 0705134678 s « o am :
: 43 6 57.6147 70 51 34,6787 JA9  4775160.27 348703.79 1SS
, . oW - . o . .
: 0430657413 0705134687 s = . T - S
3 43 6 51,6137 70 5134.,6677 S .19 4775160,24 348704,04 - /300
1 a oo L
] 0430657617 705136684 s o . — ' 0d
4 43 6 57,6177 70 SL 34,636~ & 19 4775160.37 °  348703.65 [50
5 o . .o Y - .
04630057416 0705]34668 s - 4 - - :
- 43 6 57,6167 70 SL 34,6687 =  L,19  4775160,33 348704,01L  /2/0
AN
@ 0430657610 0705134678 .5 C . - :
L 43 6 57,6107 70 5L 34,6787 - A9 4775160,15 368703,78  |AlS
| . QUS0GETIAL6 070513407 s L oy
‘ 43 6 57,6167 70 51 34,667 7 s Y %775160,33 345704.06 A0
- \ ne -!0':‘|:-',f.1/5 n'/nl;’l'}'/l(’f"-{? "’E [ .
Al S i et




0730557427 0705134703 _s

G:3057400 6705174065 5

L3 6 57,6067 70 51 3%.,9657
OS0SSTRL 070513462 s

43 6 57.6217 96 51 3%.5527

0530587827 0705126673 5
43 6 57.6277 70 51 3L.<5837

7

43 6 57.6277 70 51 34,703

0430557419 0705134624 _8
43 6 57,6197 70 SL 34,5747

0530537621 0705135647 s
&3 6 57.6217 70 51 34,6677

0430557617 0705134680 s

43 6.57.617 7 70 SL 34,6807 _

0530857728 0705134746 _s
43 6 57,6287 70 51 34,7467

0530557623 0705134725 _s
43 6 57.6237 70 51 34,725

0430657426 0705134728 s
43 6 57,626 7 70 51 34,7287

0430657622 0705124699 s
43 6 57,6227 70 51 34,5997

0430857626 070533472 .5
43 6 57,6267 70 51 34,7247

Q430657625 0705134741 s
1}3 6 57.625 - 70 51 3150741/

0430857632 0705134733 .5
43 6 57.6327 70 51 34,733

0430857663 0705134755 .8

43 6 57,6437 70 51 34,7557 -

0430657428 0705)13673L .8

43 6 57.628~ 70 51 34,7317

0430657624 ' 0705134738 s
43 6 57,6267 70 51 34,7387,

Q3057426 OTOSINTES L
43 6 57,626 70 51 34,7457

430037633 07051554743 8
43 6 57,6337 70 51 34,743~

0430657622 0705124749 |5

%3 6 57,6227 70 51 34,7497 146

v L]

19 &7175160.02

19 4775350.53

19  £775150.63

19 #775160.69

39 ° T4775150.63

19 4775160467

19 T4775160.37

- onle
19 4775160,764
19 4775160.57

19  4775160.67

9 T4775160.53

o .
19 4775160467

A9 &775160.64

= .‘ ° ’
219 4775160.86

N g
L9 477536121

- * :
)9 477516C,73
- .
19 4775160,61
A
19 4775160,08

J9 4775160.89

J9  B775160.56

e
34370%,03
—ole
AL3I05 15

348703 .63

-
-

gl
346703,23

.o

o .
" 348703.88

.

o
34870449 -

-

anghy
34370374

- .
348702.26

R e )
348702.73

“348702.67

= _
34870332

e
348702.76

sigte C
34870237

~348702.55

[
348702 .07

D
348702..60

o '
34,8702 4k

R .
345702..28
343702 433

ondy .
348702.,19

(=179

250 |

13-55

1300

1305

1310

1315




&

R ]

#:30857542 0705324753 s
63 6 57.6527 70 51 34,7537

€:30557550  CT05134746 _s

- e

&3 651.6:07 7951 36,2467

Q430857633 6705124767 _s
43 6 57,6337 70 51 34,7677

0530657657 6705135365 _s )
.63 6 51,6477 70 51 34,7657

Q30357636 0705124722 _s
43 6 57,636~ 70 51 34.722”

130557646 0705134757 s

L

&3 6 57,6467 70 51 34,7577

0430557648 0705134755 _s
43 6 57,6487 70 51 34,755~

0430557650 0705134765 _s
43 6 57,6507 70 S% 34,7657

0%30657656 0705134761 _s
43 6 57.654~ 70 51 34,761~

0430657658 0705034762 s
43 6 57.6487 70 51 34,7627

" 0430676562 0705134782 s

43 6 57.642° 70 S1 34,7627

CAC0RSTEA2 0705134745 s
43 6 57,6427 70 51 34,745~

0430657647 0705134761 s
436 57,6477 70 51 34,7617

Q430657651 0705134770 s
43 6 57,6517 70 51 34,770~

30657652 0705334771 s
- 43 6 57,6527 70 51 34,7717

Q430857652 0705134772 s
43 6 57,6527 70 51 _34.772/

0430657652 0705134768 s
43 6 57.6527 70 51 36.768.7

0430657642 07 0/'5,1147 &8 .s ,

430957757 0705134760 87
43 6 57.6677 70 51 34,7607

| QA30657651 0705134745 5
63 6 57.65L7 70 51 34,7447 147

Y SR T Vo S Y A S et . n

19 “4775161.36

W19 4775161.36

- “ ] o
19 477516118 348701.91

- o
«19 4775161.49

29 Tarrsierdy " aasz02.11
- ) - )
A9 Ta7rsisi.ai 34370227

S

19 477516090 | 34870L.79
A9 477516133 348701.84

L ) L
19  4775160,97 34870281

-
-

- .
348702 ,02

LI

J9 477516130

o -
348702,07

T - iy
.1? © &775161.43 348701.85

ot von )
19 4775161,55 34870194

o .
 348701.91

-

- e
19 4775161.17 . 34870229

s

- olols )
Jd9 477516133 - 348701.93

v vlods
19 4775161.46 348701..73

oo
19 477516149

34870171

. P

o .
348701,69

)

S by )
19 477516149 348701.78

) . .o N )
+19- 4775161.18 348701,77

- -
019 1*775161 033 " 348701096
19 hr75161445

BRI Y AR AN A PRSI Y 48 5 O L gy S Y, A RIS M Py A Na o -

115~
1935
(925
(939
1435
1Yo

1995

1450

Y24

1560

1504

1576




WEmES ja LN Y Y

Q

-
iy 3 At BT rh S i i by & T3 4

§:3025764 07053267659 . 5

&3 6 57,654~ 70 51 34,759

30557556 GICSIRNT o
45 6 57,6567

0430357656 O7G5J34715 s -
43 6 57.656” 70 51 34.774”

30857655 O705)44774 _5
43 6 57.6557 70 51 34,774~

Q130857654 0705134772 s
43 6 571,654~ 70 51 34,772 7

0430557657 0705134718 _s .

43 6 57,657 70 51 34,778

05430587553  0705)3478% _s
43 6 57,6537 70 51 34,769 7

-
—~—~
.

70 51 34,776

JA9  &775151.55

29 4775161.62
oly

J9  Z775161.62

19 477516159
ally

.19 4775161.55
-

9 4775161.65
©

J9  T4775161.52

—

iy
348701.76

-t

248701.65

iy
348701.65

~348701.65

-
348701.59

anpdy
348701.56

34870126

T

1635

1650

Q)fn,lu():@ [0/23%’6( '.

T,
Y1 182yl

- - -y

 Smasrt T < o e
Y

RN A
~




0(\

. o
S
.

qlb M

L
L2
ﬂ LA

Pd
Chile 770
;
323C

0L2575708S 0703702347
42 57 57.C03°:* 70 37
Lt‘
04257579028 '07037023.':.2
42 571 57:0057 70 37

0425757026 0703702347

42 57 57.0025 7 70 37

0425757005 0703702342
‘42 571 57.0957 70 37

C%25757097 0703702345
42 57 57.007 7 70 37

0625757008 0703702339
z.z 51 51. oas/ 70 37

'0425/57 09 0703702340

52 57 517. 6097 70 37

0425757217 u7o3702347
42 57 57,0177 70 37

0425757612 0703702362 ]

[") (7 57 ﬂL_/ 70 3’)

0425757019 0703702324
&2 57 57,0197 70 37

GazSTSICCT 0703702360
42 57 57.0077 70 37

0425757072 0703702242
42 57 57.0127 70 37

0425757217 0703702354
42 57 57.6i7 - 70 37

-

s
2,347-9)

s /

2,352

S
23477

S . 7
2,343 /

s 4
2.3647

S
23397

s" -

2.3467

S
2.3677

S .
2,327

.5

“2.357

-3

2.3507
s
2,34 12/

.S
2,356 7

0425757003 0703782356 .

42 57 57,0087 70 37

0425757011 6703702334 s

42 57 57.011/ 70 37

0425757009 0703702335 |

42 57 57. 0097 70 37
0425757911 0703702352 .
4257 57,0117 70 37

0525757014

70}7073515
42 57 57.014

70 37

k)

S

2.356 ’

2.334 /

s
2352/

-8

2 o35’7

A\
A

S
2,335 /.

5 e
i 5 S
ik ;
Zowe M arthiag
A9 4758076.98
19 4758074.97
:19 ' 4758074.91
J9  4758074.88
19 T 4758074.9%
;;é 4753074;97
19 4756075.01
- i;? 4758475, 25
9 4758075.10
.19 4753a75;3;
19 4758074,55
J9°  4758075,10
1 4758075.26
g9 47350}4.93
.19 4753675;002
19 “4753075,00
09 475807507
29 4755075,16
149

- A E TPt S Oy N fa & e RS

e paw e eww v

b %7
< Txrme
T .
363097.02 ° 94575~ ;
368097.13 jsee .
368097.02  /5°% ., ‘
363097.11 1s1c »
363037.09 515,
'
368097.20 isac.
368097.04 16235° .
368097.03 7530 i
368097.15 1535 ¥
368096.87 = /&ve -
3568096,73 154957
368097.14 &SRS
©368096.87 | i¥55°
368005.82 14
“368007.32 /¢ ¢
“"368097,29 1t !5
"308086.91 LAY
Tapp005.87 L3S
3 R
e EL 1ofifes




—— - b - ot wne gt v

Q Cinle j2¢ ’
0425757055 9703702421 s )

ar

‘ 42 57 57,0557 70 37 246217 .19

0425157022 0703762355 s ‘
42 57 57.022 7 30 37 2.3557 .19

0425757046 0703}07338 S
42 57 57.046

-‘o"

42 57 57, ozz,/ 70 37 2.364 7 .19

05425757022 07037c2344 5
62 57 57,0227 70 37 2,3447

0425757025 0703702318 / ’
42 57 57.025 7 70 37 2.318 19

0625757032 0103702365 5 '
“4257 57,0327 770 37 2,3657 19

0425757049 07(3' 70? 68 5. )
42 57 57,0497 79 37 23687 - 19

) 0425757044 0703702352 .S

150

7037 2,338 7 .19, -

S ‘ 42 57 57,0447 70 37 2.352/ .19 '
0425757053 07L\/32'§237'e s '
6257 57,0537 70 37 2,376 e .19
04257 57940 0703702373 's S
42 57 57,0467 70 37 "2.37137 .19

e TTCE

<

] L fAmE
""4752076,46 36,;0“5 _57 1500
S :

4758075 .41 368026,65 /505

4758076.14 " 368097.25  15/¢
" "4758075.48 T368096.66 1515

o190 Th75807541——363097.00  /533:3C

."1;7580.75.49 ‘“'353097.59 16}

o — ’
'4758075.,72 358096,53 /530
475807625 T 366096,57 i35

-~ v,
4752075.09 365086,93  isYo
e * ) “* * - .
475807638 368096,39  15Y$
T4758076.16 368096,45 /556
bl selifer T
cﬂ“llmf‘."o( /(;, /C"// < b 4
VRV 12088

v
N

.
-7

)

-

Q©
e WP A U~

)

s

.
R LT L U Lo
N

P A L

i e Pwn

o e e T

TR N e




A

_.g ] ; b
!!sz! ‘Wq? < 22 "

('[ ‘z’g leiC
0’25/JD.-9U 0702702320 ;;

42 51 56,9967 70 37 2.3507
§25157633 0703762370 3
i "62 571 57.6037 70 37 2370~

9325757013 0703702363 _s P
42 S7 57,0137 70 37 2.363
0425757013 0703702363 s

“ 42 5757.037 7037 2 363/

0425757009 0703762375 _s P
4257 57,0097 . 2037 2.315
m25157co9 0703702394 s,

42 57 57,0097 7037 2.,3947

0425757005 0703702330 _s y;
42 57 57.0957 70 37 2,360

0425757001 0103107353 s
42 57 51. 0017 7037 2,353

0425757003 0703109373 s
42 57 57.0037 7037 2.3787

0425757010 0703762352 s

. 42 57 57,0007 7037 2 352/ .

0425757006 0703707370 s
42 57 57.0067 70 37 2.3707

hJ =N
—B425IS IV 83037022775

.19
.19

.19

197

19

19 .

.19

.19

.19

.19

.19

2""31"‘5’7“"0&; it 37 ".3‘77

425157031—07037023 775,

“42 57°57. on 76 37 ? 37717 .19
0425757013 0703707392 s y

4257 57,0187 70 37 2.392 13
01,2573700' 703702373 s

42 57 57. OM/ 7o 37 2.373 .10
0425757002 0703702364 s

42 57 57. 0027 70 37" 2.3667 .19
0425757008 0703702346 _s

%257 57,0087 70 37 2.3467 .19
0425757001 0703702352 s P

42 57 57,0017 70 37 2,352 .19

@ ozsiser 0703707240 5

42 57 56.5217 70 37 2.340 19
0425756984 0703702337 s y,
42 87 56,994 7 70 37 2,337 BT

151

e e R L e et T R AT A

£758074, 62

"4755074.83
475807514
1758075 ,14

. 4758075.02

4758075.03

' 4758674;89
;'4758074:76 |
" 4758074 ,83
4758O7$.~(;1;
"4758074;_ 03

5055475956057 S

475807508

4758075.30

4758074 .86

“4753074,30
475807497
“'4758674;76
T4758074,45

4758074, 54

7365096, 55 -

.

36509627

365096, 50
i

H
i

-1

~ 368096.66

368096.39
' 368095,96

"368096,72

~ 368096.88

"368097.04 .

""368096.50

1365096.31

36309691

36802650

.

FoLtqe7

/53¢

isA3
153¢

1$33

" Jeoe

05

1¢ 10

634524 196

"368096,34

368056.01

368096,43

363096, 63

A,

368037.17

T368097,26

1ets
reae
1A
760
./c‘/c '
Ieys

1 L85

MY
:

tD

»

- Q

®

O O O

= sy win e s A vay e e sonty
e RPN T 1 LA

o

[

S tean

i

P PR e S AR e A PO e
Ca cas




"
WORTLE 3% oy e L L RR
Ky

Lo s Ry SO
SAAT NI U

as 0703702319 . . . ‘-
- - . . o o =

P425757C
42 57 57.005 - 79 37 2,319 .19 4755074,87 368087.4

\-'\

L YT TN
L)

¢@s15760L 0703707363 s L, -
) 4257 51,0017 7703772308 19 475 2074, 7% “368037.10_ P

neren

- Q’*

.. -

0125757605 0703702351 g - S \;
42 51 57.005 7 70 37 23517 19 4755074.88 368095.93 -7, S

.-v' * H
Y : I ™y
: .

J-
¢ Api S -~
: / x ;
. . 7y

s D K et e e
)

R ﬁtnﬁub\c /1// ,‘A.°£ .
- )
v YR 1Y/
. - . ’ . " . O {
L .N' ) . D
Q ’
. &
5
i
. 3R
LoD
{k
2
) 1
. n b,
....... - Jly
- | s - 5
¢
It
DL
. b
AV - i
@ >
k. -




* ! ' - .; - -Z LT .
I} . s . . R - - . . z
z ’ : ! ; . ) . i R PR
- - i - — oSN T L
i H cho e (1114!/7: . ; ? c;v. _’-l ,/. z: (?l? . '£.
. - i . [ B r . ] PR
: ! g b ! ! ' : > -c : ! 1 : . o ?
Clevle 1226 o ' : s TiMe |
. f0525156285 | 0703702353 g : i - : Ba
" 42 57 sg. 9857 70 37 2.353/ ' 19 4758074.27 | | 368696.75  ye !
. : ' 19G :
[ . : I - P - . ]
. 0425756269 0703702341 s . e D
42,57 56,969 7 70 37 2.341/ © W19 A4758073,77 368097.13 /49 .
9425756981 0703702360 _s: I e el D
; r 42 57°56,9617 7037723607 ¢+ 19 T4rseoza.rs | 3eavesgi | /9SS UL
- -e:."?'-J S5 jp-.s arnt o A.“ ! . ! ! "' ;p'- u!a'...f'g.". i :i‘, ' ! . : ) 0 ' ‘:::‘
i es 000 '44-5?-56:9?0 7 D sp0 726703715
' * ; ' y
0425756970 0703702378 s . — ' . RO I
. 4251 56,9707 70 37 2.378’ 4758073,82 36809€.30 AL I
3 0’.25756969 07037023]3 N ' - o IS
42757 6. 969 70 37 2.3/3 : 4756073.,78 | 368096.41 . 15 "f" 3
' 0425756976 0703 073]1 5 T s D N
- 425756.9767 7037123717 4758074.,00 . 368096.46 197 T .
. . 2 . P § %
0425756954 , 0703702362 .5 .:- "y o L O
“42 57 Se. 964 7037 2.362 "4758073.62 1 358096.65  i57/C
! ! . N i f i i |§
L Dh25756965 07037"‘2396 s . ol o
g 42 57 56,8657 70 37 2.3“6/ ' 475807367 368095.83 /57§
. SR, S . :
0425756956 0703702372 s L L . - g :
42 57 56,9547 70 37 23727 4758073,32 « 3680%6,42, 1153 :
: .
i ’ [ B
0625756966 0703702387 s, ; -t ' Qe
42'57 56,9647 70 37 2.387(. 4758073.64 , |, 368096,09: /53¢ ¥
9425756965 0703/073s2 8 ! ' o P e D
‘42 57 56,9657 70 37 2.3527 475807365 368096.88 /1§33 P
. . f o '
04?57509)5 0/0.)/023()5 ". i . . ) :) 3
42 57 s, 955 70 37 2.365’ , .19 4758073.35 368096i58  159¢ y
i i, i ] : . é
0425756957 070170?36? & ; , o o : : D
P42 57 564 9577 7037 2.3627 .19 4758073.41 368096.65 © /1595, o
4 0475756945 0703102371 S T U LI B
] ;42 57 56, 945777037 23707 19 4758073, 04 36809644 hae ;
E: ! . e U t ! v ' =~
:: Y o[{?’)75r066 0701102355 s. ’ / , ) ! i o-‘. 3 - -.:.s ' i ...-' i-") g.“ 4
3 " 4257 56,9667 70 37723557 9 Turssord.es 36509681 1555 -
] . . s’,;
| 0425756975 0703707358 5 ¢ V .. o 9+
42 57 56. 975’ 70 372 358/ 4758073i96,7  368096.75 1ee '
. P, -~ !
0"25/56964 0703/07369 / W ’ e ! ' o)
42 57 56.96% 7 70 37 ?.Jus ¢ 4758073, 63 368056,50 /0y -
0425756955 0703702265 g K R R |
67 56,955 7 70 37 23657 4,758073.35 303096.58 1




——— .

T ——
~

. 17 1 s
! 042575u934 - 0703702364 _s
o 42 57 56.9 34’ 7037 .2 3647
— G 52369{5 7032023;/ s
(_} 42 57'56.9457 70 37. 23517
o _.' 5736935 07037C2358 s 1,
42 57 563938” 70% 2%8
0425756958 0703709333 S
, MS%%9%/ m3723w/
QQ25756955 0795209377 5 !
.. 4251569557 7037 2.37177
. : i.
H
! .
3 ’-. H , .
+ , ° 1]
H
1 { ' . .
o, ‘ !
i ! "
‘(_) ! ' ‘ . ‘1
’ " R - I »
I, . ‘
e _
i .k ) )
“_ - R t- 1‘. .'
P
i
I , 1 ‘
Fl l ' ‘
1 t p .
I
!
!
i k\)‘ ‘ ‘ f i
{ .
H
. § . '
i v
¥ i
" ’\’\ . .
- e ) - s -
i f 0 ! !

.19

" ® 19

.19

(?

"4755072.70
“4755073.0%

“4758072.83

“%758073 .45 -

"1758073.35

f'

oL
1

¢ eurn

362635,59

"7368595.76

" 3680696.05 °

368 5096,06

""368096.31

(Ee

Yo
i

4

16906

AL

/7655

e soffoe e

.‘p/7<]b/ {AZ/2;74?)’

L)

Q

Q .

R T S s e

S 0O

Ko Sy v

(.J .

()

F R S ]




. mn—————
3

B

N

Clile 122¢

—reon

Y& I'(C
1990
. [q-l.‘»’

jys¢

1455
;;— [oe)
150
1570

1575

1535

1O ’

425756255 0793762358 -

42 57 $6.9857 170 37 2 3587 .19 4758076.27  368026.76

C‘zo.zs 150969 0703702341 2 . _

£2 57 56,2697 10 37 2 3517 .19 4756073.77 35656(97.13
0'757%931 0703702360 _s, . - . .

42 57 56,9817 70 37 2.3507 .19 4758074 .15 368096.71
—G.’::?'.:?.%..S:f;'t?ig-'s — e A o ol e e
PRSI, /, Y, SRR S Yot Y P YT, <23 09 F26403520
0425756970 0703702378 _s : . o

42 57 50.970/ 70 37 2,378~ .19 475807382 366096.30
0% 25’5596“ 0703702373 _s - e

42 57 56.969 7 70 37 2,373 - J19  4758073,78 365096.41
0425756976 0703102371 s -

42 57 $6.976 /-\ ARy .19 475807400 365096.46
0425756964 0703702252 s p S L

42 57 56,9647 70 37 2,362 .19 4758073.62 3568096.65
0425756965 0793702396 s _— S '

42 57 56,9657 70 37 2.396/ 19 475807367 368095,28

C o 0425756354 0703702372 _s , . ‘ -

42 57 55.9;4/ 70 37 2.372 .19 4758073.32 36809642
0425756964 0703702387 _s , - T

42 57 56,9547 70 37 2.3877 .19 - 4758073,64 368696,09
g',zsba%s 070°707332 .3 w T e

42 57 55 965’ 70 37 - 2.3527 .19 4758073.65 368095,88
0425256955 0703?02365 s . : _— o

42 57 56,9557 70 37 2.305/ .19 4753073.35 363096.5%
Q2575693 QI3T02362 s _ L -

42 57 56,9577 70 37 2.3627 219 4758073 .41 .368026.65
0425756845 07 ; 702371 s , . —

42 57 56,9457 70 37 2.371 .19 4758073.0% 368026.44
0425756055 0703702353 , N -

42 57 56,9667 70 37 2 355 .19 4753073.68 368096.81
0425756975 0703702358 _s 3 . .

42 57 56,9757 70 37 2.3587 .19 4758073.96 368096.75
. 04257565:% 0703702369 _s y , -

42 57 .9¢%7 70 37 2,369 .19 4758073 .63 365096.50
042575655 0703702365 _s , _ .

4257 56,9557 70 37 2.3657 .19 4753073.35 368096, 58

425756045 0702702365 5 , R _

’«2 57 S6.9547 70 37 2,3667 4758073.01 368096.55

(.

O WO

&)

.
ASp ot guIset 8 W,




Cin — 0Ll

-

elile 1264 .
0525756042 0703702357 5
42 57 56.942 730371 23517

0425756930 0103707372 s
42 S7 56.930 170 37 23727

0425756950 0703702385 ;,
42 57 56,9507 7o 37 2 3847

g

19
19

.19

7 Sc{)f. ¢ (-(,'L)

TIiMe

H

“4753072.96 - 368096.75 /655

4755072.58 - 368095.41  [70¢

»
- -

iy sy - (
4758073 ,20 368095,15 17C%

(':-em Jﬁl /c//o/cc L,
-'4'17)/ iz}/{x/(f ‘

- " P

»
G
w e provmary atimets t

‘o ©

we

$J

Q. 0

»

e e e R s e o i R s ¢

v C

e e e




-——ee

w”""s’ﬂ\"}?’_"‘\?pv’q?.’r_ﬁﬂm‘, hcin el it - Syiad

Cic-.‘[( lrcC

TR5T5IN03 £703700405 g
42 57 51.0037 3037 2.505"
0425757001 073702408 _s

42 57 57.001L~ 7037 2.£08~
042575c992 0703702377 _s

42 57 55,5927 70 37 2.3777

0425756296 0703107 ?4 -5
42 57 56,996” 70 37 2.424

0425757013 0703702415 _
42 57 51.0137 70 37 2 6197

0525756290 0703762398 _s
42 57 56,990 70 37 2 3987

9625156“99 0703702414 s
42 57 56,9937 70 37 2 414’:

0!.25750995 07 03]02410 _.,s.

42 57. 56,9957 70 37 2.4107

T 0425747393 0703724247

&2-57-47569——70-3 "—;4—.-%—7

| 0625756095 0703102382 s

42 57 56,9957 70 37 2,3827
425757003 0703702397 _s

42 57 57. 00"’ 70 37 2 397

01;25756‘199 0103702432 $
42 57 S6. 999 70 37 2,4327

0625757“09 07057(1"/407 .S,
42 57 57.009 7

t 0625756983 0703702376 _s

42 57 56,9887 76 37 2.3767

0425256999 0703702383 <8
42 57 56,9997 70 37 2,383

'0425756992 07037071.12 S .
42 57 56,9927 70,37 2.412

0425756995 0703709390 5
42 57 56,9957 7037 2.3907

0425757000 0703702375 s

&2 57 57,0007 7037 23757

0}0!/”’3 9 s
7037 23397

0'»?,,79703
42 57 57.008

70 37 2,407

.19
.19

.19

15

019'_

.19

.19

.19 .

19

.19
.19

.19

.19

+ 19

- P
}e ‘lc -l:““
oy oty ¥
“&75307% .85 368625.70
T4758074,.79  368095.63
S Samy

4758076 .49 368096,33
- ) . Sty )

. 4758074 .64 368055.27
“4758075.16 368095.39
- Ad, ) *

475807444 368095.85

- o ks ‘
4758074.73 368095.50
< —~—t

"4758074.60 368095.59

A0 h757203. 37— 36759544

- iy -.

475807459 368096.,22

T4758074.8%  368095.58 .
“4758076.73 368095.09
“4758075.03 363095, 66
' 4758074.37 - 368096.35
“4758074.71 " 368096.20
T4758074.51° 36809554
“4755074.50 T 36309604
e, ' . g
4758074 74 368096,33
“h758074.9¢ 36809007

1%

Femp e o

TI71¢
1927

143

P

1935

LA

1495

145¢c

nss
] scO
1.505’
iste
! 518
/53¢

155

1550

1565

O /(‘-3.)
/lt‘o(& W

VIS

.
-
i) o+ S YTSNGN
o ML Lo T O
e . ok At LT VA AR A T T AT s -
s L i o\ R UNIERC i :

©

(_)\

N G

L4

A R b ot e e e A T R L ittt e AT AL~ o i

'
: ':.un-*




<0 ./‘—:"n’ .
" Cide 1¥2C - . Fwp 6P
schl. s - B . i
A Gz, - 3 ' )
”52 037CC0 0/("7223000 129703349' 00 Qor'ﬂ05196'.'g50 .S
1;2 58 ll 700 7 ~70.37.22,500" 297 3 14.9’!0/ 519 6550 —
42 57 57,0168 70 37 2.,3956 117 -8 48.2472 X 4i. 12 hFe

- - . d CoP‘ 13,' 0'7;,70
Clde 12 - -0 - -
pl s foitow  of Beoy TzmE
0325757017 0703702396 _s. ) ) :
42 '57'51.017° 70 37 123967 19 4758075,27 368095.92 /scs

o maiee

-
-
~
_ e e
-
.
- B
- -
M .
H.
( ‘
) .
.
&
. 158
)
e .
T I T
L) o LR 0N ey O i b s v SR Xkl kA R A«......&. AL 2 il ) A

N

\Y

Q
s vt o Y S

L S e

¥ sl S

e




o

.

0425756933 0703702383 s
42 57 56.988 70 37 2,383

0425756991 0703702368 s
42 57 56.991 70 37 2,368

0425756993 0703702370 s
42 57 56.993 70 37 2.370

0425756994 0703702389 s
42 57 56.994 70 37 2.389

0425756989 0703702383 s
42 57 56.989 70 37 2,383

19 4758074.37
219  4758074.46
19 4758074.52
19 4758074.56

.19 4758074.40

/o o

MM /”/’"/‘f faad

368096.19

368096.53

368096.49

368096.06

368096.19

1610

1615

1630

1635

y7Iy  lef2 :"/[f

159




¢ Sawe e n .

e N L

APy

0425756972

pl S Clovle [zt

0425757060 0703702168 s i
42 57 57.0507 70 37 2.1687

0425757042 0703702122 s
&2 57 57.0527 70 37 2.122
0425757052 0703702117 s
42 57 57.0527

0425757039 0703702185 s

42 57 51,0397 7037 2.1857

0425757003 0703702135 s
42 57 57.C05~ 70 37 2.1357

0425757022 - 0703702105 s y
42 57 57,0227 70 37 2.105

04525757013 0703702118 - § :
42.57 57.0137 70:3 3572, 118‘/

0425757010 0703707121 s - j P
42 57 57.010 7 70 37 27121
. 1y
0435735066 0703702021 s

42 57 56,9647 70 37 2.0817

0703702156 _s
42 57 56, 972’ 70 37 . 2 1567

0425757009 0703707077 s
42 57 57.0097 70 37 2 0727

0425755946 0703702093 s
42 57 56.9467 70 37 2.093’

04257506996 0703702118 s
42 57 56,9967

0425756972 0703702138 s

42 57 56,972 70 37 2,138~

0425756986 103702121 s
42 57 56.9867 70 37 2,1217

0425757004 0703702176 s
42 57 57,004 70 37 2,1767

" 0425750922 070370°053 s Y
70 37 2,0537

42 57 56,92z

70372 2.1177

7037 2, 118/ '

.19

.19

".19-

19

.19

.19

.19.

9

Jd9

19

.19

4758076.50
4758075.93

4758076.23

4758075.86

| 475807479

" 4758075.30

29

.19

4758075,03

475807494
4753073.50

4758073.78

.
K]

4758074,89

4758072.95

4758074. 51

4758073.77

4758074 ,20

475%07%,73

475807219

368101.11

36810214

365102,2¢6

365100,71

368101.82

363102.49

368102.21

36810z,14

368103.02
(36810133 acs e

' 368103.25

363102,62
368102.20

363101.73

©368102,13

363100,89

368103.63

[ l

1R sepd. €5 _(12)

Il;-lc_,
s
1136

© n3s
/! vc
Hnys

1150

nss

1206

1als
% Lo

. 1328
1xX3¢C

I35

Yo

1ys

Coye f’— Ld (’) /‘,/ml/("'

1N 1)y JLE

(.,

~

L]

W

Q

o

R At

j /

(e

SET,

)




-

! ; S . w
Clric izee SRl | rimeg -,
> DL 0WdSISSIS7 003792028 s . “N .- -
- 42 57 56.7677 70 37 2,093 .19+ 4758057.43 358102,52 /15
- ] : - S|
: 0425756751 0703702013 s o '
| &2 57 56,7517 70 37 2,073 .19 4758066.93 368103.08  jyac -
I " 0425756772 0703702036 _s L o
1 " _ 42 571 56,7727 7037 2.086° .19 . 4758067.58 368102,79 143S A
‘ %. . 0425756768 0703702035 s _ . : - '
A &2 57 56,768~ 70 37 2.035” 197 475806744 368103,95 iy30. |
e, . - - .:s.’
0425756760 07u3702062 s s ~ .
42 51 56.780 7 70 37 2,062 7 19 4755067.82 36810334 /135 ~ |
L 0425756759 07037Q2026 s, ' : N a
. - 42 57 56,7597 70 37 2.026 9 4758067.15 36810416 /Y0 51
0425756766 03709051 s : o - '
42 57 56,7667 70 37 2.061” 219 4758067.39 . -368103.36 1YYS . ol
0425756785 0703702111 _s oo ' : .
42 57 56.7857 7037 2,117 J19  4758067.99 .  368102,23 ssco
c | 0425756753 0703702002 _s, . ' N . "
| 4257 56,7537 770 377 2.0027 .19 4758066,96 363104,68 15CS
0625756765 0703707001 s : . S ,
4257 56,7657 7037 2.0617 19 "4758067.35 368103,36  IS/C o
0425756741 0703701936 _s L S S
‘ 42-57 56,7417 7 7037 1.936” W19 4758066.56 © 368106,17  IS/ST
’042575%05 0703701953 s / : E . )
4257 56,765" 70 377 1,953 W39 %758067.31 368105.80  /s20
0425755742 070;.701925 s . ' : e :
42 57 56,7427 7037 1.,9267 19 4758066.59 .  368106,40 /¥R 3 :
0425756770 0703701365 : ' : N B
42 57 56,7707 70 37 1 8657 C W19 4758067 ,42 368107.80, /93¢ 3
0425756752 0703701917 5. : : . '
42 57 56, 762 70 37 " 1.9177 . W19 4758067.20 - 368106,62  is3S 7
. . ~r 3
0425756726 0701701925 .S R . e, )
42 57 56.726 7 70 37 1,9257 19 4758066,09 368106.4). /575 5
, 0425756678 0703701856 g . : _ ' - _ .
42 57 56,6787 70 37 1.854 A9 4755064,58 368107.99 /§9C  §
0425756603  £7C3701359 g . L ot g
42 S7 56,6937 70 37" 1,859 J9 4753055,05 368107,89 /55 4
0425756694 0702701574 161 '

42 57 56,6947 7037 1,374 A9 T4758065.08 368107.55 /(€O




?&-( b

0425756761 0703702050 s

42 57°56.761 70 37 2.050 .19
0425756778 0703702028 s

42 57°56.778 70 37 2.028 .19
0425756681 0703701992 s

42 57 56.68L 70 37 1.992 .19
0425756715 0703702011 s

42 57°56.715 70 37 2.011 .19
0425756709 0703702003 s

42 57 56.709  70-37 2.003 .19
0425756690 0703702007 s

42 57 56.690 70 37 2.007 .19
0425756672 0703701991 .s

42 57°'56.672; >770737.15991 .19
‘0425756674 0703701955 s

42 57 56.674 70 37 1.955 .19
0425756623 0703701951 s

42 57 56.623 70 37 1.951 .19
0425756660 0703701968 s

42 5756.660 70 37 1.968 .19
0425756662, 0703701964 s-..

42 57 56.662 70 37 1.964 .19

}

/2 ug£9ﬂb4/

/6 2

4758067.23

368103.60

- e T o
g T .

4

&

W AT o g s £

-y

LRAE Wl T Y

e

1610
4758067.74  368104.11 1615
4758064.73  368104.87  1620(1622)
4758065.79  368104.46 1625
4758065.60  368104.64 1630
4758065.02  368104.53 1635
4758064.46  368104.89  1640.
4558064.50 368105.70 1645
4758062:93  368105.76 1650
4758064.08  368105.40 1655
4758064.14  368105.49 1700

MW’%//ét

71407.5,

Ly ;55/3:17/5 g

B ptaga i I

)
i
]
|
f
j




