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HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION

REPORT 10075 Section 1
Page 1 of 78

DEVELOPMENT OF (L7 text + 31 illustratdons)

ANTENNA GROUP and 73 pages for addsndums

OA-1227(XE-1)/TPS A through J

(L3 text + 30 illustrations)
SECTION 1, PURPOSE

The original purpose of Contract DA=356-039 SC-7.866 was the
development of a high power, L-band antenna to provide increased
ran§e capabllity and high angle coverage for Radio Set AN/TPS-1D,
An IFF channel and provisions for operation with high power radars
(up to two megawatts) were to be included,

The equipment to be transportable in two transit cases, each
designed to fit on an M-35 truck or equivalent, The transit cases
to provide stowage for the antenna reflector sections, feedhormn
assembly, antenna pedestal, cables, tools and mounting components,

The equipment to be designed in accordance with Signal Corps
Technical Requirements SCL-5296, Service conditions, in accordance
with the specirioatian,to include operatlon in high Ginda, nrder
severe lcing conditions and in extremely low temperatures,

Primary power for the antenna drive to be furnished by an
external, dlesel driven engine generator (GFE) delivering three-
phase 60-cycle ac power, Synchro reference voltages (1l5-volt, 60-
oygle ang 115-volt, L0OO-cycle) to be obtained from the associated
radar set,

Initially the contract and specification only covered develop-
ment of Antenna Group O0A-1227(XE-1)/TPS, The contract and specifi-
cation were subsequently amendod to provide coverage of anterna
operation with Radar Surveillance Shelter AN/GSS-1,

Development of Antenna Group 0A-1227(XE-1)/TPS is covered in
task A of this report and the necessary modifications to the
shelter in task B, The two tasks were further subdivided into the
following phases and parts, detalls of which will be found in

. Section E, Factual Data,

TASK A - ANTENNA GROUP

PHASE 1. RF SYSTEM
Part a, Reflector
Part b, Feedhom
Part o, Rotary Joint
Part 4, Coax-to=-Waveguide
Pransition
Part e, RF Cabling

1n Page 1-1
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HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION

REPORT 10075 Section 1
TASK A - ANTENNA GROUP (Conttd)
PHASE 2, CIRCUITRY
Part a, Contaocteor Box
Part b. Antenna Control Box
Part c. Antenna Drive Motor
Part 4. Synchro Assembly
Part e, Lubrication
Part f., Pressurization
Part g. Cabling
PHASE 3, TESTING
PHASE 4., MECHANICAL
Part a, Antenna Pedesatal
Part b, Transit Cases
Part c, Installation Accessories
Part d. Miscellaneous
TASK B - SHELTER MODIFICATION
PHASE 1, CIRCUITRY
Part a. Interoonnection Box
Part b. Cabling
PHASE 2. MECHANICAL
Page 1-2
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HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION

REPORT 10075 Section 2
SECTION 2, ABSTRACT

The development of Antenna Group OA-1227(XE-1)/TPS (task A)
consumed a total time of approximately three years, Development
of the shelter modification (task B) was much simpler and added
approximately six months, meking a total development time of
approximately 3-1/2 yesars.

The first two test models are alike and employ fuses for pro-
tection in the three-phase, 60-cycle power lines, To improve
reliability and provide simultaneous opening of the three power
1ines, the subsequent five test models (serial numbers 3 through
7) are provided with a circuit bregker in place of the above fuses,
In sddition, minor control circult modifications were effected on
the last five equlpments delivered,

The antenna reflector contour and slze, 1s based on an exlisting
fixed station antenns (Antenna 0A-112L/FPS). The sectionalization
of the reflector and design of support and feedhorn assemblies
(Tesk A, Phase 1, Parts a, and b.g were subcontracted to the Donald
S, Kennedy Co., Cohasset, Massachusetts,

Design of transit cases was also subcontracted to the Donsald
8. Kennedy Co,, since the bulk of the items to be stowed (i.e,,
roflector sections, feedhorn assembly and reflector and feedhorn
support assembliess were belng designed by them,

The antenna pedestal was designed by Hazeltine for transporta-
bility and to comply with the other specification requirements,

The balance of the components, with the exception of the coax~-
to-wavegulde transition (subcontracted to Diamond Microwave Corp.),
were designed by Hazeltine and its subsidiary, Suffolk Products Corp,

Problems encountered in the design of the reflector, feedhorn,
rotary joint, coax-to-waveguide transition and rf cebling are dis-
cugssed in Phase 1 of Task A, Control eircultry problems, for thy
antenna group, and their solutions are discussed under Phase 2 of
Task A, and shelter modification circultry under Phase 1 of Task B,

Problems which were strictly of & mechanlecal nature, such as

transit cases and soil anchors, are discussed in detail in Phase L
of Task A and Phase 2 of Task B,

Page 2-1
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REPORT 10075

SECTION 3.

HAZELTINE CORPORATION

PUBLICATIONS.

(1)
(2)
(3)

(L)

(5)
(6)

(7
(8)

(9)

(1)

Contract DA-36-039 SC-74866.
Signal Corps Technical Requirements SCL-5296.

De

sign Plen for Antenna Group OA-1227(XE-1)/TPS,

Hazeltine Report no., 5227.

Oporeting and Performence Tests on Antenna Group
0A-1227(XE~1)/TPS, Hagzeltine Report no, 5122,

Technical Manual for Antemn: sroup OA-1227(XE-1)/TPS.

Supplement to Technical Manusl for Antenna Group

0A-1227(XE-1)/TPS.

Revised Coverage for Antenna OA-112l/FPS(

19 September 1956,

Production Teats for Antenna Group 0A-1227(

Section 3

PUBLICATIONS, LECYURES, REPORTS, CONFERENCES

) dated

)/TPS,

Hazeltine Electronics Division Test Procedure 65l-A.

Tachnical Proposel for Design and Construction of

Antenna Group 0A-1227(

Report no. 5207.
CONFERENCES,

)/TPS, dated L January 1957,

Evens Signal Laboratory, Belmar, New Jersey, 3 October
1657, Attended by Signsl Corps and Hazeltine,

Resume

(2)

b.

Clarification of items in specification.
Discussion of desiygn philosophy.

Hazeltine Electronics Division, Little Neck, New York,

10 October 1957,

Resume

a,

Interpretation of specification on method of
to rotary Jjolnt.

Attended by Signal Corpas and Hazeltine.

input
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(3)

(L)

(5)

(6)

b.

HAZELTINE CORPORATION

Section 3

Type of lubricating oll to be used in the pedestal.

D. 8, Kennedy & Co., Cohasset, Massachusetts, 23 October
1957. Attended by Signal Corps, Hazeltine and Kennedy.

Resumé

a. Consatruction and size of transit cases,
b. Daslign of feedhorn and support,

¢, Brection of the reflector assembly.

d. Calculation of forque requirements,

Hazeltine Electronles Division, Little Neck, New York,
21 November 1957, Attended by Signal Corps and
Hazeltine,

Resumé

a,
b,

Co

Method of unloading transit cases from trucks.
Erection assembly sequence.

Avallabllity of rf osble.

Rvans Signal Laboratory, Belmar, New Jersey, 9 January
1958, Attended by Signal Corps and Hazeltine.

Re sumé’

A

b,

Co.

Discusslon of Design Plan for Antenna Oroup
0A-1227(XE~1)/TPS, Hazeltine Report no. 5122,

Amendment of specification specifying 1/2 megawatt
transmission line to pedesteal.

Signal Corps intent to change specification to
specify operation with shelter AN/GSS-1 instead of
AN/TPS-1D ground radar.

Evans Signal Laboratory, Belmar, New Jersey, 22 January
1657, Attended by Signal Corps and Hazeltine.

Resumé

Presentation of list of exceptions to the specifica-
tion, by Hazeltine, due to additionsl items required
by the 3ignal Corps, prior to approval of the Design
Plan.
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(7)

(8)

(9)

(10)

Section 3

b, Further discussion concerning use of Antenna Group

OA-1227(XE-1)/TPS and shelter AN/GSS-1,

Hazeltine Electronics Division, Little Neok, New York,

27 February 1958, Attended by Signal Corps and
Hazeltine,

Resume’

a, Discussion of Design Plan Approval,

b, Limitation on use of M-35 trucks in transporting and

unloading of transit cases,

Hexagon Bullding, Fort Monmouth, New Jersey, 13 March

1958, Attended by Signal Corps and Hazeltine,

/
Resume

Use of truck M-35 for transporting transit cases,

s, Possible drop test modification due to provisi
for top 1i1ft only.

b. Use of special Jacks under front bumper during
mloading to limit strain on front axel.

¢. Attachment of "A" frame to front bumper,

ons

Evans Signal Labs, Belmar, New Jersey, 26 March 1958,

Attended by Signsal Corps and Hazeltine.

Resume’

Requirements for modification of shelter AN/GSS-1 for

use with Antenna Group OA-1227(XE-1)/TPS.

D, 8, Kennedy Co., Cohasset, Massachusetts, 22 April 1958,

Attended by Signal Corps, Hazeltine and Kennedy.
Resumé¢
a. Location of pedestal In transit cases,

b, Discussion on various tests to be performed on
transit cases,

¢cs Method of ralsing reflector into position,
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(11)

(12)

(13)

(14)

(15)

Evens Signal Lsboratory, Belmar, New Jersey, 29 April
1958, Attended by Signal Corps and Hazeltine,

Resumneé

a, Discussion on Spare parts for Antenna Group
0A-1227(XE-1)/TPS,

b. Discussion on various squipment teats to be per-
formed,

c. Specifications for possible lubricating oils were
given to Hazeltine by Signal Corps.

Signal Corps, Fort Monmouth, New Jersey, 11 and 23
June 1958, Attended by Signal Corps and Hassltine.

Resumé

Requeat for contract changes on: anchoring msthods;
vibration, drop amd bounce tests; lubricating oil and
modifications for M-35 trucks,

Fort Bliss, Texas, 30 March 1959 through 16 April 1959.
Attended by Signal Corps and Hazeltine.

Resumeé

Fleld Evaluations of Antenna Group OA-1227(XB-1)/TPS
and sheltsr AN/GSS-1 modification kit,

Evans Signal Laboratory, Belmar, New Jersey, 28 April
1959, Attended by Signal Corpas and Hazeltine.

Resumé
8. RF cable difficulties
b, wuiivery schedules

Fort Bliss, Texas, 15 June 1959 through 18 June 1959.
Attended by Signal Corps snd Hazeltine.

Resumé
8. New rf casble (RG-19A/U) assembly evaluation.

b, Observation of dlsasssmbly, erection of Antenna
Group O0A-1227(XE-1)/TPS and operationsl tests.
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e. Dlscussion of mechanical difficulties encountsred
during evaluation testa,
d. Target Acquisition data and blip-scan ratio recordings.

(16) Evens Signal Laboratory, Belmar, New Jersey, 7 July
1959, Attended by Signal Corps and Eagzeltine,

Resumé

Diacussion of fleld evaluation tests st Fort Bliss,
Texas,

(17) Fort Monmouth Procurement Office, Fort Monmouth, New
Jersey, 22 September 1959, Attended by Signal Corps
and Hazeltine,

Reaumd
Diascuasion of design and contractual problems,
8. Compatability with Radar Set AN/UPS-1,

b. Packaging of running spares, and shelter AN/3SS-1
modlfication kit,

¢. Modification of Antenna Group OA-1227(XE-1)/TPS in
accordance with findings at Fort Bliss, Texas.

d, Addendum to instruction books to reflect modifi-
cations,

(18) Fort Monmouth, Fort Monmouth, New Jersey, 27 September
1960, Attended by Signal Corps and Hazeltine.

Resumé

Review of corrosion on Antenna Group OA-1227(XE-1)/TPS.
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SECTION. 4. FACTUAL DATA

INTRODUCTION

As outlined in Section 1, Purpose, this report divides the
development of Antenna Group O0A-1227'XE.1)/TPS into two tasks;
A - Antenna Group,and B - Modificatlo. of Shelter, Task A ls
subdivided into five phases, with phases co~ and three belng
further divided into two parts each and phase two into seven parts,
Task B is subdivided into two phases, with phase one baing further
divided into four parts,

The following factual data is presented in the same order as
outlined in Section 1. The overall schematic diagrems (figures
28 and 29) are supplied for reference to show the electrical ties
between the pedestal and shelter AN/GSS-1, Figure 1 shows Antenna
Group 0A-1227(XE-1)/TPS erected and ready for service,

TASK A, ANTENNA GROUP
(See figure 1)

Antenna Group OA-1227(XE-1)/TPS is a high gain transportable
antenna system designed for use with Radar Set AN/TPS-1D as
installed in Radar Surveillsnce Center AN/GSS-1.

PHASE 1, RF SYSTEM
(See figure' 2)

The rf systeim,for the antenna group,trensmits and receives
both search radar and IFF signals, The radar pulges.at 1250 to
1350 megacgcles, from the AN/TPS-1D receiver-transmifter units
(RT-212/TP3-1D) are fed through coaxial cable, to the coax to
wavegitlde trensition, Then, through the rotary joint to the feed-
horn,

The IFF pulses,at 1020 + 18 me%acycles or 1100 t 18 megacycles
are fed from Receiver~Transmitter RT-211/TPX through the shelter
interconnecting box and, via coaxial cable,to a coaxlal connection
on the bottom of the rotary Joint, From the top of the rotary
joint,another coaxial cable feeds the IFF signals to the feedhorn
coaxial connection,

Difficulties were encountered in meeting the specification
requirements for the v oltage standing wave ratio (VSWR),of.1,3 to
1,at the input to the rotary joint, and 1,5 to 1 from the output
of Radio Set AN/TPS-1D, The difficulties were overcome by holding
the coax-to-wavegulde transltion, rotary Jjoint and feedhorn to very
strict tolerances., The VSWR messurements of the first test model
ars provided in addendum A of this report.

1n Page L-1
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Part a. REFLECTOR

L

1. General

(See figure 3)

[ The reflector is approximately L0 feet wide and 11 feet high,
and produces a search radar horizontally polarized beam,approxi-
mately 1.7 degraes wide and 6,0 degrees high., The reflector has
a parabolic trough-type configuration and produces a cosecent

; squared pattern, The IFF beam produced 1la verticsally polarlzed and

‘ approximately 1,8 degrees wide and 7.5 degrees high, Antenns coverage
tests are given in addendum B of this report,

The reflector is constructed in elght sectlons, designed for
easy assembly and disassembly (see figure L),

2e Desj.s!!

) The contour and size of the reflector 1s based on fixed stalion.
' antenna reflector OA-1124/FPS( )., The primary design consideration
was sultsble sectlioning of the above reflactor and supports,so it
could be quickly erected, and easily stowed In a small volume transit
i case,

B R Y

1

12

In order to satisfy the requirements of a quick disconmnect fastener,

that would support the large fornes involved, it was necessary to

l design e new fastener, A cast fastener of 356-T6 aluminum alloy
wes designed to support a astatle load of 20,000 lbs, with no appre-
clable motion, The final econfiguration arrlved at (af'ter tests
at Northeastern University, Boston, Massachusetts) is a tapered
connection,with a 200 included angle on the male and female half,
The line of force was designed to pass directly through the center
of the eontact ares, The angle was chosen,ss 1t closely approxi-
mated spherical surface at the diameter used and had sufficient
friction to prevent slippage. The final design held together under
20,000 1lbs, of tenslon or compression, This was emphasized during
the static load test when 1t was discovered that two connections
were not secured in the reflector support,at points of maximum
stress, after the reflector was fully loaded. (The deflections
recorded during statliec load test showed that the reflector and
support could withstand about 50% greater wind loadings without
permanent set.)

The next problem on the reflector was how to provide a
strustural dilssection that would allow stowing all sections in
one transit caese, As 1l or even 10 sections presented too grest
a tooling and attachment problem, elght sections were decided upon,
Because of the width avallable, a thickness of elght inches was

1n Page L-2
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the maximum depth possible for each section. This depth would
not support the load (imposed by the wind and ice loading) ade-
quately, so an additional bracing means was devised. A main
horizontal truss of four sections was provided (of the proper
saection), and braces were attached by means of rod-end bearings to
provide the necessary pivot arrangement, Four braces were pro-
vided for each section, The braces stowed onto the main truss by
means of brackets and Alr-Lock 1/l4 turn festener, During assembly !
of the sections the cross pin in the Kennedy designed quick

fastener repeatedly came loose, The Spirol pins used were found 1
unsatisfactory and were replasced by solid pins (Groove),

Tooling presented many problems, In order that the reflector
tolerance could be held after assembly, 1t was necessary to maks
elaborate welding and machining Jjigs. All tubing was precut to
finished size prior to welding., The major part of the pansel
back-up structurs was welded, The weldsd section was tranaferred
to machining jigs, and all connections were machined. The section
was then transferred to a screening jig and the 5/8 squarax screen
attached, The screen 1s attached to the psnel back up structure by
tack welding approximately 7 inches on center to all face tubes,
and secured to the tube at the perimeter by means of a cap strip,
cherry riveted in place over the raw edge, The section was then
transferred to the mold along with adjacent sections, fastened
together and final adjustment made to fit the surface of the section
to the mold surface, After fitting, the remaining welding was done
on the mold, This welding conslsted of a seam on talescoping
members that were clamped in 2 predetermined stressed poaition;
so that, when relaxed, the proper surface contour was maintained.
The section was then removed and the screen tightened to eliminate
the excessive bag between face tubes,

The horizontal truss and braces were assembled and welded on one
jig, and machined on snother jig.

The essembled reflector was checked for proper alignment by means
of cross wires,

The peflector support had to be desligned at e great atructural
disadvantage, due to the desired location of the reflector to the
pedestsl, As it was much too large to be stowed in one plece it
was broken down into five parts, left and right supports, rear
support, front support and center support., Due to large stiresses,
the majority of tubes were 3 inch 1/L wall or 3 inch 3/8 wall
6061-T6 aluminum slloy., Where castings of 356-Té aluminum alloy
were used, the minimum wall thiclkneas hed to be made double the
tube wall, due to axial and bending loads. A complete stress
analysis and several models were made to satlisfy the requirements
of the loads encountered in each member. As the qulck disconnect
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Kennedy fastener dld not lend 1tself to the Jjoints of the support,
high strength bolts, and tapered bosses,were used to transmit the
biggest loads, Pivot points with Helm bearings were provided at
the rear of the left and right support to facilitate erection,
Welding and machining jigs were used to fabricate all sections,

Two inner and two outer legs (actually trusses) were used to
connect the reflsctor to the raflesctor support., They were simply
constructed in the form of an "N" and attached by means of the
Kennedy quick connect fastener, A welding and machining jig was
uged to fabricate both,

Because of the heavy tube wall thicknesses In the supports and
odd jJoints of tube to tube connectlons, many special welding
technigues were requilred to 1limit dlstortion and provide aocund
walds,

The Fort Bliss, Texas evaluastion tests revealed minor mechanieal
troubles as followa:

(1) The large one inch structural bolts used for assembling
*he reflector supports became clogged during the tests
ani ternded to bind and cross-thread,

A cleaning groove hges been milled scross the threads of
the structural bolts, this allows eny dirt on the bolt,
or in the mating threaded hole, to roll iInto the groove;
thus avoiding jamming of the threads,

(2) Identification tags were decals securasd with glue and fell
off during the tests.

The decal tags were changed to metal end are no securely
faatened with drive screws,

Inspection of the reflector and support assemblies rf%er the
evaluation tests revealed other mlnor problems, which vare cor-
rected as follows:!

(1) The clevis arms,connecting with the auxiliary "A" frame
were extended to prevent the 1'rame from rubbing against
the lower center reflector panels during erection.

(2) A slot was milled into the clevis to prevent damage to
the "A" frame, Af hooked up incorrectly during erection.

(3) Two set screws were added to hold the self aligning bear=-
ings in thelr mountings,

(4L) Pins in the Kennedy quick disconnect fasteners, used on
the reflector, were changed from groove to straight pins
brazed in place,
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part b. FEEDHORN
1, General

“(See figure 5)

" The feedhorn (antenna feed) is & dual polarized horn., Inputs from

the search radar and IFF radar are both sections of R6-69/U waveguide,
with the search radar input rotated 90° (with respect to the IFF radar
input) to insure a high degree of 1solation, The energy,from elther
channel,enters the flared section of the feedhorm, -propagates to the
aperture and from there i1lluminates the reflector, The search radar
energy 18 horizontally polarized and the IFF energy vertically polarized,

The dual polarized horn has several advantages over the normal dipole
feed, placed in front of a single polarized feedhorn., (1) Either inmput
is capable of handling a power level equal to the maximum waveguide
power, (2) The radiated patterns ere controlled by the aperture dimen-
sions only, and does not affect the other radar feed, as do dipoles
and reflecting flaps placed in front of the feedhorn mouth, {3) The
dual polarized horn 1is simpler in construction, than the comblned feeds
of the horn and dlpoles, -

"The feedhorn and assoclated wavegulde are assembled together to
facilitate stowing and antenna erection., When erected, the fesdhorn
is situated at the focal point of the reflector, which concentrates
the energy into a narrow besm (see antenma patterns in figure 6),

2. Design

The fesdhorn presented many problems. The primary problem. was to
develop a horn that would give the electrical characteristics that
were required by specification, Development.from start of design,to
a final design,6 took place over & period of one year and four montﬁe,
approximately, About 1800 hours of work were spent in development
and testing prior to shipment of first unit, '

A Tchebyscheff feed was origﬁnaily proposed but did not appear
suitable esarly In the design, o major part of the effort was spent

in development of a flared fesdhorn with Radar and IFF connectiona,
For ease of fabrication a sheet metal horn was selected, ' The major
drawback to this type of construction was holding the tolerances, which
were found necessary after many tests, to +0,010 inches of the desired
conflguration, A cast horn could have been used but, by the time a

finel design was determined, there was insufficlent time to get a
sultable casting with the desired tolerances. All parta of the horn

were machined -to exact size (+0,003 inches) before welding., The edge
Joints were machined 1n a manner so that no inside welding would be. .
nieeded, and thereby require no internal hand finlshing. A special hold-
ing fixture was nscessary to malntain the desired tolerance, Many

trials were necessary to obtaln the desired matching., Because of the
inherent dritical design of the -horn-each one muist be matched and checked
in free space and finally checked with & reflector on .an antenna range,

The feedhorn support had to place the horn accurately in place with-
out adjustment,  The non-adjustable feature placed the fesd system
at an extreme dlsadvantage, Moat criticel was the vertical angle
of inelination to the reflector, Also critical, was the
focus which was finally determined to be 145.6 inches from the
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reflector surface point of origin. In order to keep & maximum area
free of interference from feed supports,end to simplify the feed
support, the waveguide was used as a structural member of the feed
support aystem, In order to gain meximum rigldity and positive
‘placement of the harn,three "A" frames were attached to the horn,
and the two lower attached to one point at the bend of the wave-
gulde run, Another problem was the critical length of the
horizontal run of waveguide., The wavegulde flange had to terminate
within 0,06 lnches of the pedestal wavegulde connection. A very
slight error in the bend would cause & large misalignment, The
waveguide run from the horn to the bend used a cast twist,available
from a previous Kennedy job and simplified that transition
considerably.

Many electrical tests were necessary to determine the correct
placement of the horn,as the theoretical placement did not give the
beat location for all pattern requirements.

Meeting the original IFF vertical beamwldth  specification
requirement of 6,2 + 0.5 degrees presented a msjor problem. The
solution was a complicated feadhorn employing 10 beam broadening
probes and four impedance matching irises., This horn produced the
high edge illumination required for a vertical beasmwidth of 6,29,
but also produced a ripple of at least 3db in the secondary vertical
pattern, Further modifications produced the feedhorn of final
design, whlch, whlle not r~eting the original requirement of 6.2
degrees, has .= followin: advantages:

(1) Increased high angle coverage. - The upper one-half power
angle will ‘be 6,3 degrees above the horizon, 0.7 degree
inorease in vertical coverage.

(2) ‘Inereased gain. - An IFF gain increase of at least 1.2db
was reallzed,

(3) Lower VSWR., - The IFF VSWR was much improved, enabling
meeting the specification requirements in this respect.

(4) Smoother secondary vertical pattern. - Vertical patterns
show secondary ripples of 1ldb.

(5) Mechanically simpler. - The new horn is.of much simpler
mechenical construction, therefore easier to precduce,

Pointing out the above advantages to the Signal Corps, resulted
in a specification requirement change in the IFF vertical beamwidth

go Z.B + 0.5 degrees, and enabled use of the. improved feedhorn
eslign,
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Part ¢, ROTARY JOINT
(See figure 7)

1, Generql

The rotary joint for Anterma Group O0A-1227(XE-1)/TPS is pres-
surized and transmits the radar end IFF signals from the ceax-to=-
waveguide transition to the' feedhorn.

The rotary joint has a wavegulde flange input, enabling direct
connection to waveguide, for coupling a high power radar (up to two
megawatts),

The coaxial section of the rotary jolnt consists of a center
conductor which rotates with respect to the lower wavegulde section
of the joint,and an outer conductor whiech 1s divided into an upper
and lower section, The two outer conductor sectlons are connected
by & thoke Joint,whilch permits the upper section to rotate, The
lower section is fixed to the lower waveguide and the upper section
to the upper waveguide sectlions of the rotary joint, The upper
wavaeguide section consists of s doorknob-type transition which feeds
the rf power from the coaxial section into the upper wavegulde, The
lower waveguide section consists of a simllar translition, Matching
irises, in each of the upper and lower waveguide sectlions, match
the rotary joint to the wavegulde sections and thus minimize reflec-
tions within the rotary joint,

The IFF energy 1s also coupled to the feedhorn through the rotary
joint, A center coaxlal conductor with slip rings (fingers) permit-
ting the rotation, Coax connectors on the upper and lower transistions
permit connecting the IFF cables,

In the event the antenna 1s used with a high power radar (1,5
to 2 megawatts) facilities for pressurizing the rotary joint are
provided, with pressure windows located in each of the upper and
lower wavegulde sections, A pressure switch 1s also provided to
indicate normal and subnormal pressures,

2, Design

The rotary joint is an original Hazeltine deslgn. The door knob
upper and lower transitions are basically a scaling of door lmob
transitions used in other wrotary joints at higher frequencies, The
location of the short circult and elevation of the doorimob were
varied to achleve an optimum transition, A matching lris was then
introduced in the wavegulide to complete the matching of the tran-
sition. Location of the several variasbles was made during low power
VSWR tests, A more ruggedized unit was then fabricated and tested
at higher power, No breakdown resulted in this transition during the
test, Refer to addendum C, of this report, for high power test cal-
culations of the rotary jJoint.
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The IFF channel 18 also an adaptation of a previous rotary
joint design. The design employs finger contacts for both the
inner and outer conductors of the coaxial line, The major problem
was a mismatoh,resulting in a high VSWR, The HN connectors at
both ends of the channel were found to be the cause of the mismateh,
The matech of the connectors waes Improved by modifying the dimensions
of several of the insulators., The modified connectors lowered the
IFF VSWR to within requirements,

- Pressurizing the rotary joint presented by far the largest
problems, The first problem was obtaining pressure windows, at
the required two megawatt rating, The original windows were a
commercial product, made by Alrtron, Inec., constructed of a
fiverglas materlal, When tested under pressure, with two megawatts
peak power, the materlal buckled outward toward the lower pressure
slde, and subsequent lnapection revealed burn marks at points of
maximum E-fleld, A new pressure window was designed by Hazeltine
using Ruby Muskavite (mica) material, The new window handled the
pressure adequately and showed no evidence of breaking down when
sub jected to 2,15 megawatts »f power,

The main pressurlzation problem was trying to construct the
rotary Joint to meet the speclficatlion requirement of a maximum
pressure loss of 0.4 psl in 24 hours when sub?ected to 30 psia.
To meet this requirement, oversize "O" pings (see addendum D for
design) were placed in the pressure window seals, A pressure
loss of slightly over one psl per day still ocourred, Further
modifications conld have been effected, as follows, to reduce
the leakage.

(1) Increasing bellows strength and therefore the sealing
pressure, However, there is a meximum limiting surface
pressure at whiléh sesl wear life 1s sacrificed for =
1ittle less pressure, Present design enables the rotary
seal bellows joint to functlion safely below this level,

(2) The fine finish on the sealing surfaces, could conceivably
be made finer, dbut a harder closer grained materisl would
be required, A compromlse was effected here by using a
high grade greaphite ring, with superior qualities of
long wear and natural lubrication.

Rather than impalr the effectiveness of the rotary joint by
requiring design changes in critical areas, Hazeltine discussed
with the Signal Corps the selection of 8 pressure tank with longer
gservice life, and a substantial factor of safety for pressure loss
The air tank of final design has a capacity of 386 cubic inches
and a service pressurs of 2100 psig. At a pressure loss of over
1,6 psl per day the tank provides over 15,000 hours (almost 2 years)
of steady life without refilling the tank, thus far exceeding the
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the 5,000 hour reliability specirication requirement, On the basis
of the above, the Signal Corps waived the specificatlon regquirement
of a maximum pressure loss of 0.l psi psr day and permltted a loss
of 1,35 to 1.575 psi in 24 hours., Refer to addendum E for calcula-
tions supporting the pressurization specification change,

part d, COAX-TO-WAVEGUIDE TRANSTTION
(See figurs 7,

1, General

The coax-to-waveguide transition ls regulred to couple Antenns
Group 0A-1227(XE-1)/TPS to the coaxlal cable from the duplexer of
Radio Set AN/TPS~1D, If the antenna group 1is used with higher
powered radars (with waveguide output connections) this part will not
be used,

Energy from the c¢oaxlal cable is coupled Ilnto the wavegulde por-
tion by a short radlator which is part ~f the coaxial connector,

2, Design

The design of the transition is simllar %o a commercial unilt,
which was not availsble at the 600 kw power, requirsed by the specl-
fication, The design and production of the transltlion was subcon~
trected to the Dismond Microwave Corp.

During the electrical teasts of the first two units the VSWR was
found satisfactory, but arcimng was heard with less than 500 kw of
power, It was determined that the metching probe was not making
adequate contast with the wall of the wavnguide, Welding the probe
to the waveguide was attempted, howswver, this Aistorted the wavegulde
and was discarded. A thresded probe in the waveguide (and then
soldered) was tried, this provided the dasired contact, but was very
difficult to adjust. Tne final solution was & probs that was
threaded intc a speclal seat in the waveguilde.

The electrical tests, on the transition of filnal deslign, proved
the VSWR to be satisfactory, with a power handling capaclty in
excess of 600 kw,

Part e, RF CABLING
1., Genersl

The rf cabling interconnects Radar Set AN/TPS-1D and the
coax-to-wavegulde transition, The original design yplan was to
use Amphenol cable 421-103 to provide the flexibility for storage
on the cable reel, However, during evaluation btestling the rf cable
heated up snd power %o the antenna was greatly attenuated,
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To overcome the heating problem, RG-19A/U cable was tried and found
satisfactory, However, RG-19A/U cable has a solid core with a
larger safe bending radius and other storage facilities had to

be provided,

The original requirement had specified that cables were to be
50 feet long. Amending the contract to have the antenna operate
with shelter AN/GSS-1 permitted  shortening the cable. Storage
for the shorter cable, with the necessarlily large bend radlius, was
obtained by clamping to the top inslde of the reflector transit
case,

PHASE 2. CIRCUITRY
(See figures 28 and 29)

Circuitry for Antenna Group OA-1227(XE-1)/TPS encompesses the
three phase a-c control c¢ircuits, antenna control system, synchro
system, lubrication and pressure controls, antenna drive motor and
cabling to Radar Surveillance Center AN/GSS-1,

Safety switeh S108 and interlock switches S101, S802, and 8803
are provided for personnel gafety, removing power from the antenna
drive motor when switch S108 or a compartment (i.e., contactor box
8101 or atow lock access door S803) is opened or the manual erank
8802) 1s in its operating position. Interlock switch S804 opens
the antenna drive motor circult when the antemna is locked in stow
position, to prevent the motor from being accidentally energlzed
and demaging the equipment, Interlock switches 8803 and S101 may
be cheated 1f visusl lnspection is required of the components while
the equipment is In operation,

Part a. CONTACTOR BOX
(See figures 8 through 1L)

1. General

The contactor box is mounted externally on the antenna pedestal;
it operstes end protects the antenns drive motor. The box is
remotely controlled from the antenna control box (Part b. below).
The contactor boxes supplied with antemna groups serial numbers 1
and 2 (see figures 8 and 9) differ from those bearing serial
numbers 3 through 7 (see figures 10 and 1l). The two earlier units
enploy fuses and individual blown fuse indicators, in lieu of the
eircuit breasker with one indicator lamp, for protection in the
three~-phass power to the antenns drive motor. The above change
and other minor design changes desscribed below, were made to improve
the elsctrical and mechanical reliability of the equipment. In
addition, synchro information and the Antenna safety switch are
provided in/on the Contactor Box. See "CONTACTOR BOX" in figures
28 and 29 for schematics of the delivered units,
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2. Design

The original design of the contactor box was made by Hazeltine
in sccordance with the specification requirements.

The original design employed an a-c contactor (K10l) end a
thermal overload relay for ths motor.

During the vibration tests (see Hazeltine report 5122, page !
15) small particles were rubbed off the main contacts by their J
holders. The contacts rattled and sppesred loose, although the |
operation of the contactor was not impaired, However, to improve
reliabllity and to provide a cover over the main contacts, it was
decided to change the contactor, The new contactor selected is a
d=c aircraft type which is vibration resistant, hermetically sealed
and lighter than the original contactor.

The new contactor was mounted in lts normal operating position
on the vibration table and subjected to the vibration tests., There
were no mechanical failures during the test snd after an electrical
test, following the vibration test, the relay functioned as required,

The addltion of the new d-c contactor necessitated adding o
full-wave rectifier to the contactor box to convert the a-c to the
120 volt d-¢ required for the contactor coll. The rectifying bridge
consiats of four INSLO diodes mounted on a component hoard near the
contector. The contactor was elsctrically tested with the recti-
fying bridge and found to operate with 65 volts a-c input snd drop
out with an a-c¢ input of 25 volts. The circult was operated for
25 minutes with an a-c input of 125 volts with no detrimental
effects to the contactor or diodes,

The original (a~¢) contactor had two sets of normslly closed
auxiliary contacts, and the d-c replacement has but one set, To
provide control for the ANTENNA ON indicator lamp, in the control
box, an auxiliary relay (K102) was added,

The contactor box as origlnelly designed included s current
sensitive reley to prevent overloading of the motor. However, this
relay was set to operate at currents much higher than the motor
protection fuses (i.a., B0 smperes for the relay with 30 ampere
fuses). This would mean that the relesy would never operate since
the fuses would blow first, This was confirmed during the tempera-
ture test (see Hazeltine report 5122, page 25) when the fuses
were replaced with steel slugs and the relsy never operated, The
thermal overload relay was, therefore, deleted from the contactor
box circultry.

Page l4-11




oy, Vi AaF B

HAZELTINE ELECTRONICS DIVISION

HAZELT.NE CORPORATION

REPORT 10075 Section |

Heater relay (K103) failed to operate properly during the
environmental tests, Even though 1t was established that thia
was due to a defective relay, it was declded tc change to a more
reliable type. The new type relay used is hermetically sealed
and succesafully passed the vibration tests. The new relay is
larger than the relay used in the original design and therefore is
mounted in a Qifferent location, but the accessibility ie lmproved
and with a tube pin base can be more easlly replaced.

The original design of the motor circult employed fuses (F101,
F102 and F103) as protection in the three phase line. Antenna
Group 0A-1227(XE-1§/TPS serial numbers 1 and 2 were delivered with
thils clrecultry, To provide more rsliable operation and simultaneous
opening of all lines to the motor, a three-pole trip free cirecuit
breaker (CBl0l) was substituted for the three individual fuses,
Replacing the individual blown fuse indicators (DS101, DS102 and
DS103), a single indicator lamp (DS101) was placed across one of
the three phases, The replacement indicator operates the same as
a blown fuse indicator, i.e.,, illuminates with power applied and
the circult breaker tripped.

Other minor circuit changes were effected, these are discussed
under the individual Parts as follows:

¢. Antenna Drive Motor
8, Lubrication
f, Pressurization

The fingl design of the contactor box conformed
to the specification SCL-5296 and passed all environmental tests
successfully.,

Part b. ANTENNA CONTROL BOX
(See figure 12)

1, General

The antenne control box ls mounted on the wall of Redar Sur-
velllance Shelter AN/GSS~1 and provides remote control and monitoring
of the antenna operstion. ANTENNA DRIVE MOTOR START-STOP awitch
S201 turns the motor on or off., OIL HEATER switch (S203) eontrols
heating of the lubricating oil in the oll reservoir. Switch S203
operates independently of START-STOP switch S201 in order that the
oil may be pre-heated beiore starting antenna operatiocn. Switch
8202, mounted behind the front panel, is in the air pressure system
and is normally set to the OFF position when used with the AN/TPS-1D,
However, during high power operation (1.5 to 2 megawatts) where
pressurization of the rotary joint is required, the switech is placed
to ON, enabling the use of AIR PRESSURE OFF indicator DS20L.

1n Page L-12

P22AV2R




G- ——

. e welha emsd Wmg A S W TR N

1n

P22AV2R

HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION

REPORT 10075 Section |
2. Design

The original design of the antenna control box was made by
Hazeltine to comply with the specification requirements.

The control boxes supplied with the first and secont test
models ¢f Antenna Group 0A-1227(XE-1)/TPS /Serial numbers 1 and 2)
were manufactured in accordance with the -riglnal design. The
contactor box (Part a) modifications made on serial numbers 3
through 7 necessitated minor lamp rewiring of the control box,

In the original design (and serial numbers 1 and 2) the START=-
STOP control for the contactor was provided by breaking the neutral
lead of the three phase ac. To comply with good design practice,
control of the contactor 1s now provided by breaking one of the
three phases.

Schematie diagrams of the delivered models can be found under
"ANTENNA CONTROL" in figures 28 and 29,

Part ¢, ANTENNA DRIVE MOTOR
(See figure 13)

1., General

The antenna drive motor l1s mounted beneath the pedestal and
drives the antenna in azimuth, through suitable gearing, at s
rotation rste of six rpm In a clockwlse direction only. The motor
is rated et 7.5 hp and requires an input of 120/208 wvolts, 60
cycle - 3 phase a-c, The motor used 1s a commercial type with a
standard NEMA mounting, To lighten the overall weight of the
equipment, Hazeltine requested that the motor manufacturer provide
the motor in an aluminum frame,

The motor control clrcultry was modified after two test models
of Antenna Group O0A-1227(XE~-1)/TPS were delivered, Simplified
schematic dlagrams for each model are shown in figures 1l and 15,

2, Design

The size of the sntenna drive motor and deslgn of motor control
elrcultry were made by Hazeltline In accordance with the specification
requirements,

To compute the size of motore required, the welght of the reflece
tor and feedhorn were considered with the extreme environmental
operating conditions indicated in the specification., The 7.5 hp
motor decided upon, proved more than satlisfactory under all conditions,
Addendun F, of thils report, provides calculations supporting the
choice of a 7.5 hp motor,
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The design changes in the motor control circultry, 1.e. cirouit
breaker replacing fuses are dlscussed under Part a, CONTACTOR BOX
above,

Bart 4., SYNCHRO ASSEMBLY
(Ses figure 16)

1, General

The synchro assembly consists of a 5G, 60-cycle synchro trans-
mitter (B501) which provides one-speed aszimuth information, and a
31Txl, 40O-cycle synchro transmitter (B502) which provides 24-speed
azimuth information, The antenna drive is geared 1l:l1 with the
60-cycle synchro, and 1:2 with the }00-cycle synchro, Refer to
addendum G for calculations on gearing, A cam driven switch (S501)
actuates relay Kl0) to provide a 400-cycle zeroing voltage to the
L00=cycle 2ii-speed synchro motor B602¥ in Azimuth-Range Indicator
IP-141/TPS-1D, until the antenna reaches zero azimuth, The 60 and
j00-cycle synchro reference vsltages and the 27-volt dc for relay
K10l are taken from Power Supply PP-674/TPS~1D, The 60-cycle one=-
‘apeed azimuth Informatlion is suppllied to terminals in Power Supply
PP-67l;/TPS-1D for use with a PPI repeater.

2, Design

Design of the synchro assembly as made by Hazeltine in accor-
dance with the specification requirements, The original design
met all requirements and no changes were necessary,

Part e, LUBRIGATION
(See figures 17 snd 18)

1, ‘!ieneral

The antenna drive gear train is force-lubricated by means of
an c¢il pump geared to the antenna drive,

An oil flow switech (8301) is provided to interrupt power to
contactor K101, thus stopping the antenna, if oil flow is missing
for two minutes or more, If flow switch S301 is closed, OIL FLOW-
LOW indicating lamp on the antenna control box is 1lluminated,

When 8301 switch opens, with normal oll flow, OIL FLOW-NORMAL
indicator lights, Should S301 fall t6 open within 2 minutes, thermal
relay K105 will open; breaking the circuit to the bridge rectifiers
(supplying the coll of contactor K10l) thus removing power from the
antenna drive motor,

Turning OIL HEATER switch S203 in the antenna control box to

the ON position will provide heating of the oil in the o0il reseprvoir
if the oil temperature drops below 12,29C (+10°F), Antenna eontrol

L1l
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indicator OIL TEMP~NORMAL will light if the temperature of the oil

is about -27.3°C (-10°F) and be extinguished below this temperature,

thus providing en indication that pre-heating of the oll is re-
quired, before starting the antenna drive motor,

2., Design

The oll heating system as originally designed by Hazeltine
essentinlly eonformed to the system contained in the first two
antenna groups delivered # see figure 17) except that the inclusion
of a heating element on the oll feed line was planned for in the
original design, '

Difficulties encountered in installing the circular heating
element in the prototype model indicated the inclusion of the
element would not be feasible for production. Calculations
indicated the element was not necesasary and it was declded to omit
the 01l line heater pending results of the environmental tests,
The single heater in ths oil reservolr proved more than adequate
at -65°F, and the 01l line heating element was deleted from the
design pla,

The original design plan was for an oll conforming to specifie
cation MIL-L-7808 for lubrication of the drive system, Exception
to this particular oil was taken by the buyer (Signal Corps) as
i1t 18 not readlily available in the field. Hazeltine tried to
accormodate the Signal Corps and investigated all oils, readily
avallable to Signal COrgs maintenance personnel, The investigation
proved that all avallable olls were not suitable for this applica-
tion and reversion to the MIL-L-7808 oil was necessary.

Minor modifications in the oil heating control circuits were
instituted in Antenna Group OA-1227(XE-1)/TPS serial numbers 3
t?roughlg; a simplified schematiec of this circuit is given in
figure .

Part £, PRESSURIZATION
(See figures 19 and 20.)

1, General

Pressurization of the rotary joint for use with high (1.5 to
2 megawatts) power is a design requirement in accordance with the
specification, RF and mechanical difficulties experienced meeting
this requirement are dlacussed under rotary joint. Task A, Phase
1, Part ¢. and mechanical phase L respectively. AIR PRESSURE ON and
OFF indicstors (DS205 and DS20l), energized by air pressure switch
8805 in the rotary joint, pressure line, are provided as indications

.of correct air pressure. At pressures below 12 lbs. per square inch,
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OFF indlcator DS204 is 1lluminated,indicating below normal air
pressure. Pressures above 13 lbs, per square Inch actuate switch
S805, which illuminate ON indicator 1DS205, indicating that the
rotary joint is correctly pressurized.

Antenna Group OA-1227(XE-1)/TPS is primarily designed to
operste with Radar Set AN/TPS-1D at comparatively low (0.5 mega-
watt) power, which does not require pressurlzation of the rotary
joint, Switch S202 (mounted behind the front panel of the antenna
control box) 1s provided to disconnect OFF indicator DS204 when
operating with low power, to avold preaenting a false impression of
Incorrect operatlon,

2, Design

Hazeltine's original deslgn plan for the pressurlzation control
system proved to be quite satisfactory. However, to simplify the
wiring, minor circuilt changes were effected after delivery of
Antenna Group 0A-1227(XE-1§/TPS. Simplified schematics (figures
19 and 20) indicate the control circult changes betwsen the earlier
equipments and serlal numbers 3 through 7,

Part g, CABLING
(See figure 21,)

Cabling for Antemna Group OA-1227(XE-1)/TPS is completely
different tham that shown In the origlinal design plan, The changes
ware necesslitated by the contract change calling for operation of
the antenns group with Radar Surveillance Shelter AN/GSS-1,

All cables except the one to the engine generator were shortened
from the original 50 feet specified, since the antenna would be
located gbout 15 feet from the shelter.

All cabling to the shelter was terminated by connectors to
facilitate quick assembly and disassembly, Additional cables inside
the shelter were required to complete the connections to the units
from the interconnecting box,

The interconnecting box 1s dlscussed under Task B, Phase 1.
RF cabling difficulties and design changes are discussed in Task
A, Phase 1, Part e,
PHASE 3, TESTING
Part a, STATIC AND WIND LOAD DEFLECTION TEST
The reflector assembly is required to withstand, without damage

or impaired performance, the loading effects of wind conditions as
dascribed in parsgraphs 3,7.1(e) and };.3.10 of the Technical Require-

Page L=16




HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION
REPORT 10075 Section L

ments SCL-5296, The tests were performed by D.S. Kennedy & Co,
at thelr Hingham Plant on November 12-~13, 1958, using a preproduc-
tion model of the 0A-1227(XE-~1)/TPS forty-foot antenna,

Whereas the maximum loading under the condltions described in
the Technical Requirements 1s 1L.7 1lbs/sq. ft. (see celculations
in addendum H), the reflector was losded up to 15.9 lbs/sq. ft.
during the tests, No unusual deflections were precorded during the
test, and no appreclable permanent set was measured at its coneclu-
sion. Radistion pattern tests were conducted before and after the
deflection test. No pattern changes were brought about by the
deflection of the reflector assembly, Thus, on the basis of these
test results, the antenna 1s considered to heve easlly surpassed
its technlcal requlrements. The procedures, conditlions and results
of thils test are provided in sddendum I,

Part b, SURVIVAL TEST

come oomms N e

For this test the pedestal was fully erected on its legs with
ground anchors and tie rods in place, and the reflector assembly
mounted upon 1t, Using an M-35 truck winch and an "A" frame, a
static losd was applied to the back of the reflector, The 5500
pound load, equal to the maximum survival wind loading, was
measured by a 10,000 pound dynsmometer,

The results of this test were positive, The entirs structure
remained stsble, wlth no damsge sustalned by any of the structursl
members, A comperlson of radletion pattern tests econducted before
and after the survival test revealed no pattern changes. A visual
inspection of the entire structurs, made Immediately after the
f survival test, disclosed that the pedestal was inclined 0° 43!
| from the vertical due to settling of the ground plates, and there
were slight deflections In the ground anchor rods., The antenna
assembly 1s consldered to have successfully met its specified re-
qulrements in this gres, .

Part o, MOISTURE RESISTANCE TEST

The moisture resistance test was performed in the temperature
altitude humldity chamber of the Burgoyne Test Laboratory Inc.,
Westbury, N, ¥, in the presence of USASRDL personnel, A 1600 1lb,
load was attached to the rotating portion of the pedestal, such
that the dynamic effects of the reflector assembly would be simu-
lated within the confines of the test chamber, The equipment was
then subjected to a 48 hour initisl conditioning test followed by
a varisble temperature cycle of 48 hours duration, the latter
being repeated 5 times, The equipment was non-operating except
for 15 minute test perlods during which measurements were taken,
8ll within 5 minutes sfter the power was applied.
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During each of the 5 eycles, resdings of the operating voltage
and current, starting current, and the power of each of the thres
phases were recorded, Thermocouples, placed at nine separate loca-
tions within the pedestal, monltored its temperature conditions,
This test was conducted in accordance with the conditlions and pro-
cedures set forth in paragraph l.3.7 of Signal Corps Technlcal
Requirements No. SCL-5296, 8 May 1956, The procedures followed and
the entabulated results are given In addendum J,

It was observed that throughout each cycle, both the electrical
and temperature readings remained consistent by within * 10% of the
initial conditions, In all vases, starting time was inatantsneous,
the pedestal speed remsining constent at 6.2 RFM,

No defects of any nature were observed. Since the performance
of the equipment was not adversely affected during test conditlions,
it 1s concluded that the squipment qualifies under this section of
the Signal Corps technical requirements,

Part 4, TEMPERATURE TEST

The temperature test was performed In the sasme location as the
moisture resistance test (part ¢) and conducted in accordence with
paragraph L.3.,6 of the Technicel Requirements. The procedures,
conditions and results of the test are shown in addendum K,

During the cold temperature test certaln melfunctions were
observed, The reasons for these malfunctions were determined
and corrective meassures taken as follows:

(1) Malfunction
Initial fallure of the pedestsl to rotate at -65°F,
Reason

From observations made during the test, and subsequent
conversation with the motor manufacturer, it 1s know that
molsture probably entered the motor case through the
normal breathing process during the 10 day molsture
resistance test, It 1s believed that this moisture froze,
thereby locking the rotor, In all probabllity, high
current surges ever-uelly melted the lce, whereupon the
pedestal began to .“:nctlion In a normal manner, Had the
temperature test oeen performed prior to the moisturs test,
this situatlion would probasbly not have ocecurred,
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(2)

(3)

(4)

Solution

Following the recommendatlon of the motor manufacturer
a note will be included in the maintenance manual that
the motor drain plug be ramoved and any moisture present
be sllowed to drain out before shipment of the equlpment
to a frigld environment,

Malfunction

Almost instantaneous blowing of fuses at locked rotox
condition, '

Reason

Poor cholice of fuses,

Solution

Improper fuses have been replaced with Military Standard
90085-70 fuses, These are slow-blow fuses with a minimum
delay time of 6 seconds for locked rotor conditions,
This will aid in starting the motor should it ever lnade
vertently fresze again, Assurances have been received
from the motor manufacturer that 6 seconds of locked
rotor current wlll not damage the motor in any way.
(Note: at =65°F a 30 second delay 1= harmless.)
Malfunction

Heater relay failed to close,

Raason

Failure of the partlcular relay used during the test.
Temperature 18 not belleved to be a factor,

Solution

A second relsy has been tested at -65°F and found to
function satlisfactorily. Thls relay has been substituted
for the defective one,

Malfunction

Motor control thermostat prevented pedestal from rotating
once 1t started,
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(5)

Part s,

Reason

As the pedestal started to rotate, the oll began to ¢ir-
culate and cold oll came Inte conéact with the thermostet
thereby openling it and shutting the motor off., A check
of the thermostat after the test showed 1t to be set at
+20,39F instead of -109F as called for,

Solution

Thermostat S303 will be set to ~10°F and will be used
for the sole purpose of operating a green light on the
control panel, This light will be off until the oil
temperature reaches -10°F, Above -10°F the light will be
on and all oll will be flltered, The Heater Control
Thermostat will be set so as to _turn on the heater when
the temperature falls balow +10°F.

With the above modifications, and the observations made
during the cold temperature test, it 1s felt that the
pedestal can be operated instantaneously, if need be,

at any of the env’_-onmental conditions specified in
SCL~-5296, thereby bettering the requirements specified
in paragraph 3.7.7.

VIBRATION TEST

In accordance with paragraph L.3.1 of the Technical Require-
ments, the pedestal subassemblies containing sensitive electrical
end mechanical compoments were subjected to vibration testing,

The tests described below were pe:rformed on a vibration table
located in the test laboratory of Hazeltine Electronics Division,
Little Neck, New York, These tests were witnessed by V. Tristan,
a resident Naval Inspector,

(1)

Control Box

The control box cover was removed and attached to the
back of the control box. The box was then mounted by
meens of four 1/} - 20 screws to a 1" aluminum plate,

This plats was then fastened to a 150 1b, 1/2" thieck
steel plate which was in turn bolted to a vibration table .

The equipment was vibrated at 1/6L" amplitude in three
planes at frequencies of 5 to 55 cycles/second changing
at a rate of 1 cycle/second. The equipment was cycled

L times, A strobe light as well as visual inspection was
used to determine any mechanical resonances, none were
noted. The unlt passed sastlsfactorily.
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(2)

(3)

(4)

Synchro Assemdbly

The synchro assembly was mounted to a fixture which was
bolted directly to the wibratlion table., Test conditions
ware the same as described in paragraph(l), There were
no mechanlcal resonances noted, The assembly passed
satisfactorily.

Contactor

The contactor was fastened to a 1" thick aluminum plate
end vibrated on two separate occasions., The first was
under the conditions described In paragraph (1), Loose
washers and other parts rattled durlng this test dus te
the floating contacts but no damage was visible.

The sécond vibration test was performed at an amplitude
of 1/16" and a frequency of 55 cyclea/second for a dura-
tion of 15 minutes in each plane. No damsge -was noted
outside of some particles which were rubbed off the con~
tacts by their holders,

Contactor Box

The contactor box was mounted on a 1" aluminum plate, The
plate was bolted to the vibration platform and held approxi-

mately 7/8" above it to allow the cable conduit to clear,

Teat conditions were the same as described in paragraph(l}.

The loose contactor parts rattled and the core of the

thermal relay moved in and out., There was no damage noted

after the tesat,
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PHASE j, MECHANICAL

Machanlcal design problems encountered during development of
[ Antenna Group 0A-1227(XE-1)/TPS are discussed in parts as outlined
in Sectlon 1.

The mechanical design changes for the rf components (reflesctor,
feedhorn, rotary jolnt and coax-to-wavezuide transition) are dis-
cussed In Task A, Phase 1,

Detalled final :design procedures for sntenna agssembly, dis-
asgsembly and component stowage iIn translt cases are given in the
Technical Manual for Antenna Group 0A-1227(XE-1)/TPS.

- Caleulatlions providing the overturn momenit, of the asssembly,
: during erection asre given in addendum L,

, Part a. ANTENNA PEDESTAL
- (See figure 13)

1, General

Mechanical design of the antenna pedestal was generated to
| fulfill the electrical, mechanlcal and environmental requirements
of the equlpment specification, The Design Plan was used as a
gulde for developmaent of the Pedestal,

I 2. Design

The original design plan of the antenna pedestal component
parts is the same as the final design except as glven below,

(a) ANTENNA DRIVE MOTOR., ~ Lightened by use of cast aluminum
frame instead of cast iron,

(b) CONTACTOR BOX. - Component locations were rearranged to
accommodate Inclusion of circult breaker in place of fuses,
(Serial numbers 3 through 7 only,)

|
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(¢) REFLECTOR SUPPORT, - The 1lif ting points on the originally
designed pedestal required one short snd two long legs of ths
sling for 1lifting. To avold possible mistakes in attachlng the
sling, the 1lifting points were relocated to use a sling with three
short legs,

(a) PEDESTAL WEIGHT 1

Bafore any officlal drawings existed, s preliminary
estimate was made, predleting the pedestal welight to be approxi-
nately 1500 pounds, With later developments and the availability
of more mccurate informetion, the necesslty for a reappraisal of
this estimate was recognized. Listed below are areas where such
Information influenced thls evolution:

(1) Hardware and Internal Components

Little was known of the welghts and quantities of
hardware and components which wera eventuzlly in-
corporated in the final design.

(2) Rotary Joint

All of the electrical and mechanleal requirements
of the rotary joint were not known in sufficient
detall to acourately predict lts weight., It even-
tually proved necessary to employ heavy-wall brass
in 1ts construction In order to provide the ideal
electrical propertles and aufficlent strength to
contain the required pressure. Consequently, its
final welgth was over four times as great as the
orlginal estimate,

(3) Main Bearing

The original estimate of the weight of the maln
bearing was evolved from other Information of a
preliminary nature. It was later found that the
welght of the reflector assembly was higher than the
preliminary figure, and that its center of gravity
was further from the center of the pedestal than
originally assumed, Thus the offset load moment

was much higher than antlcipated, This, in tum
necessitated an inerease in the load-carrying capacity
of the main bearing with a resultant increase in its
size, and therefore, its welight,

(L) Castings
(a) The wall thicknesses of certain portions of the

castings, such as strength webs and stiffeners,
became greater as dictated by optimum foundry
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practices, The relatlionship between adjacent molten
masses of varlous slzes cooling In a mold;muast be
such that distortion is held to a minimum,

(b) Solid cores were used in making the sand molds for
the castings., In removing the cores fram the molds,
it was necessary to "rap" them in order to work them
frue, This "rapping" caused the mold ocavities to
become slightly enlarged, with the consequence that a

reater amount of molten metal flowed into each mold,
6 result was heavier castings,

_ The circumstances listed above had the cumulative effect
of Inoreasing the pedestal weight to approximately 2600 pounds,

Part b, TRANSIT CASES
(See figures 21 and 22)

1, General

Two translt cases for transport stowage of the antenna group
components are provided, In accordance with the revised specifi-
sation reguirementa, the maximum helght of the loaded truck can
not excead 11 feet and the case'!s center of gravity shall be low,
To comply with these requirements required eonsidershle changes
from tHe original design plan (Hazeltine Report No., 5227),

The antenna reflector case of final design is 14é inches long
x 80 inches high x 86-1/2 inches wide, The antenna pedestal case
o{dfinal design is 146 inches long x 81 inches high x 86-1/2 inches
W G.

2, Design

After the design of the reflector was established, the reflector
transit case design was started. Preliminary layouts showed that
only two possidle arrangements of the reflector sections could be
used to it the elght sections in one case, Assembly sequence was
comsidered but could not be maintained,

As two connections on each horizontal joint of the section were
available the opposite half of the connection was secured to two
4 x 4 beams 'in the transit case bottom for the main support, The
top slde of each section was held by two light aluminum braces,
which at first were rubber mounted, but were later revised to a solid
mount bacause of excessive transmissibility during the package test,
As the reflector sections used up about 85% of the avallable space
in one translt case, only a limited number of additional parts could
be stowed with it, The auxiliary "A" frame, used for erection, was
stowed on the outside as there was no room in either case, As the
Signal Corps wanted to unload the reflector case on the truck, a
swing out step was provided in front. The tail gate could be used
as a step in the rear, It was not possible to get between the case
and the reflsctor sections, Access to the reflector sections was
by means of three hinged gates secured by the Kennedy designed con-
nector (see Fhase 1, Part a).
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The pedestal transit case presented many more difficult stow-
ing problems than the reflector case, Most parts were of a shape
that would not allow economical placement, Most difflicult were
the pedestal, pedsstal support legs, feedhorn assembly, and center
reflector support. The great majority of parts were of tubular
sections, so a clamp was devised using a 1/4 turn Air-Loc fastener.
foreclosure, As the clamp had to clamp tightly, the Alr-Loc fastener
was found unsuitable as 1t could not pull the hinged clamp tight
enough, In place of this fastener a Simmons Link Lock #2 was used
with good results, As the pedestal weighed over 2500 lbs, 1t pre- ;
sented a large problem in 1itself, The case could not be made strong
enough to take 10G shocks for thrse hours on an ltem of this welght,
without some attenuation of the shock, Twelve (12) Lord compres-
sion mounts that allowed 1" of motion were mounted on a 3-1/2"
aluminum tube at the six main leg mounting points. As these were
caleulated to be on a plane In line with the center of gravity of
the pedestal, thers should be a 1little rocking motlion caused by
vibration and shocks, During the package test 1t was noted that
there was scme rocking, indleating the mounting was not exactly
on the plane of the center.of gravity. However, the shock-mounts,
pedestal and case showed no signa of damage. In order that the

edestal could be removed first, a gate ln the top of the case
?over the pedestal) was provided,

Many of the problems that occurred were not apparent durlng
the initial proposal. Solutlon of the problems was arrived at
only after many times the allotted hours, Because of the urgency
of dellvery, design of the pedestal transit case suffered greatly.
Final design was accomplished only after one was bullt, A48 a
matter of fact, final placement of the stowed parts was arrived at
only by actual placement of the full size pleces, snd engineering
personnel providing on the spot supervision,

In splte of the many difficultles,a sound adequate deslgn was
obtained and few changes would be nscessary to optimize the parts,
In genaral the overall deaigh of both transit cases was accomplished
maintaining a complete structure at all sldes,

At various stages in the development and testing of this equip-
ment, difflculties have arisen In the fastening of rubber chafing
pads to the inner surfaces of clamps on the transit cases, Some
rubber pads, seeminglg securely attached, could bs 1lifted esnd
peeled off by hand. thers would vidbrate free during a test, and
8till others would fall off by themselves, after having been
securely attached for a considerable period., Continuous investi-
gations and testing were conduc ted until the causes and remedies
for thls problem were discovered.

Among the causes for this deficlency are the following:

(1) Certain adhesives recommended for bonding rubber to metal
surfaces, although showing excellent strength in tension,
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(2)

(3)

(L)

proved to be weak in shear, As a result, there was
1i1ttle reslstance to scuffing and peeling, the nmost
cormon disturbances to whlch the pads are exposed,

Some of the rubber samples tested exhibited a relatively
high wax content., The presence of wax has a retardant
affect on adhesive bonding,

Unclean surfeces:

(a) It was found that dirt, grime or paint were present
under some of the pads which had a bonding deficiency.

(b) The rubber itself has molding powder on its surfaces,
This powder acts as a retardant to adhesive bonding.

Improper application:

(a) In some cases, 1t was evident that an insufficient
amount of adheslive had been applied, parts of the
rubber pad surface being without adhesive,

(b) Certain adhesives used,required intermittent stages
of application and alr-curing prior to final contact.
Doubt exlists that these procedures were strictly
followed In all cases,

(c) Some adhesives required the application of pressure
af'ter ocontact, In some instances this may not have
been done for the requlred perled,

Accldental mechanical abrasion accounted for some of the
deflclencies, Thers ls no adhesive kmown that can withstand
abrasive forces in the magnlitude possible during the handling
of heavy equipment.

The

eventual solution to this problem lay in the elimination

of all of the above factors, which alone, are causes of adhesive
bonding deficiencies, This was accomplished by:

(1)

(2)

Using Eastman 9-10 adhesive, which has a relatively high
shear strength, and presents no particular problems in
application or curing,

Thorough cleaning of all surfaces,
(a) Metal surfaces cleaned by scraping to bare metal,
removing all paint, grime, and oxide films,

Metallic dust 1s wiped off and the surface tregted
with MEK solution.
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(b) Rubber surfaces to be cemented are prepared by
abrsding.

(o) Molding dust is removed from rubber surface by
brushing with MEK solution,

(3) Application of adhesive is administered carefully, so
entire pad surface 1ls covered,

(4) Pressure applied to the rubber pads by closing the clamp
tightly about a pipe,

(5) Rubber having a lower wax content was used, samples being
tested Intermittently.

In view of the findings determined by the fleld evaluation
tests and Hazeltine inspectlion on thelr return from Fort Bliss,
Texas, the followlng mlnor changes were made:

{a) ™o both transit cases:

(1) The bottom portions of both ends were reinforced to
make the case capable of belng fork lifted,
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(b)

(e)

(2)
(3)
(L)

(5)

HAZELTINE CORPORATION

Section
Jam nuts were added to turnbuckles on hold down
cables,

Holes in the case skids were enlarged so they could
accept the no, 30 hook supplied with the M-3H truck,

All door holding catches were changed to the quick
disconnect type used on the antenna reflector.

All Alirlock Fasteners were replaced by a Sirmons
Link-Lock type fastener,

To the antennsa reflwotor case:

(1)

(2)

Clamps were added to the auxiliary "A" frame stowage
to prevent end movement.

The top member of the door slde of the case was
strengthensd.

To the antenna pedestal case:

(1)
(2)
(3)

(4)

(5)
(6)

(7)
(8)

(9)

-Brackets were added on the top of the tool box to

secure the antenna control box during transit,

A reinforcing gusset was added to the upright near
the teool box,

The access door In the top was redesigned to
eliminate brackets protruding in the pedestal nrea.

Brackets that support the bridges were set further
apart to provlide more room in the contactor box
area, The resultent long bridges were relnforced
to prevent bending.,

Lifting holes were reinforced.

The method of securing the cable reel was changed
from "J" bolts to a clamp through the center hub.

The rear asccess door was reinforced.

The lead of pedestal brldges were chamfered to
faclilitate loading.

Bracket stops were added to prevent the jack screws,
on the tripod legs, from unscrewing during transit,
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(10) Ths antenna rear support stowage was redesigned; from
a stud that fastened to the threaded hole in the support)
to a socket type mount,

(11) The stowage of the front antenna support was relocated
to prevent the captive screws from rubbing on the left
inner truss,

3. Bounce and Shock Tests

The transit cases were subjected to bounce and shock tests in
accordance with the provisions of'garas;aphs 3.8 and L4.3.0f the
Technical Requiremente No, SOL-5296, ese¢ tests were conducted
for Hazeltine Electronics Division under the direction of USASRDL
personnel for the purpose of qualifying the transit case as a
shipping container for military radar equipment,

(a) BOURGE TEST

Each transit case, with contents in place, was mounted

on a L600 pound steel structure simulating a truck bed, The
transit cases were secured to the carriage with four chalns equipped
with load binders and restricted from lateral motion by corner
fences attached to the carriage, At Package Research Liaboratory,
Rockaway, New Jersey, the carrlege was placed upon the vibratin
latform of an L.A.B, Corp, package tester of 10,000 lbs, capsu?ty,

" amplitude, operating in a synchronous cirscular orbit in the
vertical plane, Vertlcal forces were measured by an accelerometer
affixed to the carriasge, its amplified output being dlsplayed on a
CRT oscilloscope. The results of the test are as follows:

(1) Reflector Case

One .guy rod clamp slipped allowing the free end to
whip against parts below, The teat was interrupted
and 1t was seen that Improper tightening of clamp
bolts allowed this to occur, After the clamp was
relocated and tightened, no further loosening
ocourred,

The top "A" frame clamp broke, adjacent to the weld
which attached it to the case, The test was inter-
rupted and 1t was found that a rubber liner in the
¢lamp had been lost, and the "A" frame cable was
causing abrasion to the "A" frame, Several changes
were made on the reflector case and the "A" frame as
as mesult of thls test. A clamp was used to replace
the yoke which held the apex of the "A" frame to

the transit case., The upper swivellng gulde of the "A"
freme was made secure with a fastener and a storage
bin was installed on the "A" frame for stowing the
"A" frame bridle,
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An anchor bolt sheared at the frame end of the rear
stabilizing tube. The test was Interrupted, and the
bolt replaced, Tha bolt was probably faulty since all
other anchor bolts held, Peaks of 10g and Tg were
subsequently reachud without further fallure,

(2) Pedestal Case

After peaks up to 10g, s clamp attached to the pedestal
mount, holding the "Right Innsr Truss" broke near the
sttachment weld., The test was not interrupted.

After 30 mlnutes of testing, 1t became svident that the
concentration of the pedestal welght at one end of the
case caused an Imbalancs,leading to higher values of
vertical acceleration than would normally be encountered.
The test was interrupted and 150 pounds of iron added

to the end of the carriage opposiie the pedestal., The
150 pound welight was later increased to 536 pounds,

A captlive pln backed out,releasing one of the leveling
jack screws, The test was interrupted, and the jack
screw was removed and left out for the remainder of
the test, A positive locking device was used to re-
place the captivating pin for the jack ascrews,

All other broken clamps were repaired, reinforced and
relocatsd g0 as to prevent further fallure,

(3) Conclusion

After these minor fallures had been dlscovered and
corracted, the tests proceeded without further diffi-
culty, The transit cases wers considered suitsble for
thelr intended purpose in cognizance of paragraphs

3.8 ar8 l.3 of the Technical Requirements, A complete
deseription of the tests and recorded data 1s 4ncluded
in Section F of Hazeltine Report No, 5122 "Operating
sand Performance Tests,"

(b) SHOCK TEST

In accordance with paragraph 4.3.5 of the Technical Requira-
ments, both translt cases were subjected to a free fall drop test,

Each case was supported at one corner of its base by a block
S inches in helght, A 12-inch block was placed under the other
corner on the same end of the transit case, By means of a quick-
release hook, the opposite end of the case wes relsed 6 ineches and
allowed to fall freely, This operation was repeated until esach of
the four corners had been dropped,
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(1) Reflector Case

The reflector case was tested at the Package Research
Laboratory, Rockaway, New Jersey., An lnspection re-
vealed no damage as a result of this test,

(2) Pedestal Case

The pedestal case was tested at Suffolk Products Corp.,
Greenlawn, New York, with no demage resulting from
this test, !

A description of the shock tests 1s included as section
H of H%zeltine Report No. 5122, "Operating snd Performance
Tests, i

Part ¢, INSTALLATION ACCESSORIES
(Ses figures 2 through 27)

1. General

In accordance with the contract requlrements accessory components
are included, to aid in the assembly of Antenna Group 0A-1227(XE-1l)/TES,
The contract was modifisd to Include the truck bumper support Jacks
(figure 25), when investigation determined that the front axle of
the M-35 truck was only rated for an additional 500 lb, load,

2. Design

The auxliliary "A" frame as originally designed was thought to
be foolproof, However, during the field svaluation tests at Fort
Bliss, Texas, a tearing of the frame occurred durlng erection of
the antenna. Hazeltlne englneers examined the dameged frame and
concluded the failure had occurred because the srection instruc-
tions had not been followed, Howsver, in order to prevent other
such occurrences, Hazeltine redesigned the suxiliary "A" frame,
Extensive tests and use in numerous srections produced no further
fallures.

The ground nail originally planned for use, included a 1lifting
eye for easy removal, However, during the field evaluation tests
a lifting eye broke at the weld while the nall was belng driven
into the ground by a sledge hemmer, In view of this fallure,
ground nails being supplied (see figure 26) have a straight pin,
below the nail head, In lieu of the 1lifting eye. The nall head
shoulder, extending below the pin, prevents the pin from contacting
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the support pad, This allows the hook of the "A" frame cable to
engage the pln, permitting sasy removal from the ground,

One basic 1lift sling is provided (A - figure 27), by removal
of the various extensions, as Indlcated, the one sling is used
to perform gll lifting functions,

The guy rods as provided are adjustable, with s minimum length
of 7 feet 3 inches; which length, calculations have proven, is
the minimum acceptable guy length.

Two types of soll anchors are provided for soft and hard
solls, In gensral the screw type anchor 1s used whénever possible,
The arrowhead type anchor is used when the soil is too hard to
accommodate the screw type. A very comprehensive investigation
of soll types, and the anchors required for sach type, was con-
ducted, In collaboration with the Signal Corps it was decided
not to provide anchors for rocky conditlons as special drilling
tools would be required, or swampy conditlons as the area would
probably be lnaccessible by truck. Different diameters (8 ilnchesr
to 16 inches) of screw anchors were investigated; the 10 inch
dlameter anchor supplled, was found to hold best in most soil
conditions, Refer to addendum M for information compiled on all
sultable types of ground anchors.
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Part 4, MISCELLANEOUS

1, Corrosion of some steel parts was observed during the fleld
evaluation tests; where permlsglible, these parts wlll be glven
an appllcation of grease,

2. All rubber surfaces will not be painted,

3. Inspection of the first servicas test model, by Hazeltine, after
the field evaluatlon tests revealed locse gaskets and loose rubber
bumpers, To prevent future loosening, Eastman 910, a rapld setting,
high strength adhesive 1s now used to secure all rubber itenms,

L, The name and number tags identifying the assembly parts origl-
nally were decals, thase hacame loose ond £cll off durilng ihe
evaluation tests. The decals were changed to metal tegs and are
now securely fastened with drive screws.

TASK B, MODIFICATION OF SHEITER

The shelter modifications were necessitated by the contractual
change requiring Antenna Group OA~-1227(XE-1)/TPS to operate -with
Radar Surveillance Shelter AN/GSS-1, -

This task 1s dlvided into two phases - clrcultry and mechanlcal.
The antenna control box (while mounted in the shelter) 1s supplied
as part of the antenna group. Reference to the control box under
Tasktg 1§ therefore limited to mounting requirements and cabling
for e box,.

PHASE 1, CIRCUITRY

Mg Wl SEe e e e W mee e e

Circultry for the sheltser modification is discussed In two
parts, part a Intercomneoting box and part b cabling,

Part a, INTERCONNECTING BOX
1, General

To comply with, the specification requirement (to filter all

t

1n Page L-33

P22AVZR




(IS A T WS aas N

|

l In

P22AV2R

HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION

REPORT 10075 Seciion 4

voltage lines entering and leaving the shelter) the interconnecting
box ia provided as part of the shelter modification. In addition
to filtering the voltage lines, the box provides a convenient
termiriation for all antenna to shelter cabling except the rf cable
(RF30), thus facilitating assembly and disassembly.

2, Design

To provide the correct filtering for the interconnecting bdox,
four different types of filters are employed., The flilters are
purchased parts from Sprague Electric Co., the four Sprague types
and ratings are as follows:

2JXUL Al - 2 amp 115-volt Afl~-ayels
8-68316 - 0.1 amp 115-volt 60-cycle
BIX9) - 5 amp 115-volt }00-cycle
SJX27 - 5 amp SO0-volt do

To accommodate the control wiring changes between antenna
groups serial numbera 1, 2 and 3 through 7, filters FL909, FL910
and FL925 were changed from the 0,1 amp, 115-volt, 60-cycle type
to the 2 amp, 1l5-volt, 60-cycle type.

Part b, CABLING
(See figurs 21.)

l. General

Cables are not supplied as part of the modification kit,
Howsver, cable W29, supplied with Antemma Group 0A-~1227(XE-1)/TPS,
is required for connectlon of the antenna control box within the
shelter., The balance of the cables within the shelter (W10, Wll,
W70 and RP85Y) required for the shelter modification are supplied
with Radar Surveillance Shelter AN/GSS-1,

2, Design

All cabling design changes in the sheltsr were in the »rf cable,
Originally a stranded conductor (Amphenol type 421-103) rf cable
was used, The Fort Bliss, Texas evaluation test proved this cable
to be inferior to the solid conductor RG-19/U type. The final

g;;é 8 gtilizes a section of RG-19/U (RFBS)) supplied with shelter

The original design for rf connector (RF901l) was for a straight
through connsction, with both connections at right angles to the
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shelter wall. Changing rf cable RF30 (See Task A, Phase 1, Part e.)
to type RG-19/U, necessitated a right sngle connector at the out-
side of the shelter, Changing this comnector permitted the cable

to parallel the shelter wall, thus allowing regulation of the solid
conductor cable bend redius,

PHASE 2., MECHANICAL

— ———c

1., General

The mechanical phase of Task B consists of (1) the physical
modiflcations requlired on the shelter wall to accormodate »rf
commector (RF901) and the interconnecting box, and (2) installation
of the antenna control box mounting.

All hardware and templates to complete the modification are
supplied as part of the modification kit. In addition cover plates
are provided for the wall openings made to accommodate the inter-
connseting box and rf connector, These cover plates are for use
i1f the components are removed from the shelter,

i~

Refer to addendum to Technical Manual for Antenna Group
O0A-1227(XE-1)/TPS for final design details of AN/GSS-1 modification
for antenna group.

2. Design

In the original design of the shelter modification (as shipped
to Fort Bliss, Texaa) the interconnecting box and »f connector
adapter plates were to be attached to the outer wall of the shelter
with rivnuta., The Signal Corps objected to this type of construction
because a special tool would be required for installation., To com-
ply with the Signal Corps objection, Hazeltine redesigned the
installation utilizing back-up plates with threaded inserts for
attachment of the adaptor plates to the shelter,

——

in Page 4-35

P22 AV2R




Ty e o

|
|
|

in

P22AV2R

HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION
K¥PORT 10075 Section 5

SECTION 5, CONCLUSIONS

The following concluslons presented are the result of evalua-
ting the factual date presented in Section l,

1, REFLECTOR AND FEEDHORN

The design and construction of the reflector and feedhorn was
carried out by the Donald S. Kennedy Co,

Overall, the performence of the reflecior and structural
design 1s adequate, An amendment to the speciflicatlion was re-
quired to finglize the feedhorn design. The specification change
for increased IFF vertlcal beamwldth actually increased the
antenna coverage and enabled meeting the low VSWR requirements,

2. ROTARY JOINT

The original specification requirement of 0, lbs, permitted
loss of pressure per 24 hour period, would have resulted in =
rotary jJolnt that would have been operating in critical arsas,
Amending the specificatlion to permit losses of from 1,35 psi to
1,675 psi per day enabled the final design of a very satlsfactory
rotary Joint,
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SECTION 6, OVERALL CONCLUSIONS

Antenna Group 04-1227(XE-1)/TPS has undergone a seriles of
tests that prove the equlpment ls acceptable for military use,
The tests described in Section lj and Hazeltine Report No, 5l22,
have subjected the equipment to its operating extremes, No major
faults or fallures have developed during this comprehensive pro-
gram, The minor fallures thet developed, have been corrected so
as to preclude any further fsllure,

The service tests (at Fort Bllss, Texas) performed on the
antenna group, tested 1t In actual operatlon for a period of
over three months, Preliminary Information, on the results of
these tests, Indicate that equlpment performance wes satisfactory.

Antenna Group 0A-1227(XE-1)/TPS should therefore be con-
sldered as an equipment providing satisfactory operation.
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SECTION 7, RECOMMENDATIONS

While the final design was adequate, certein areas lend them-
selves to further improvement. Therefore, the following recormen-
dations should be considered for the future:

a,

Ce

de

To reduce the pedestal weight 1t is recommended that:

{1L) A rotary joint be fabricsted using more aluminum
and less brass.

(2) Further tests be conducted with an assembled antenna,
simulating extreme specification loading conditions
(e.g., ice and wind) to determine 1f a lower horse-
power antenna drive motor 1s feasibdle,

Redesign of the auxiliary "A" frame to enahle the truck
winch operator to complete erectiun of assembled antenna
without use of tag line,

For production in quantity 1t 1s recommended that the
fesdhorn be cast to insure uniformlty of patterns and
VSWR losses.

To forestall breskage of Indlcating lights on the con-

tactor box, 1t 48 recommended that the pedestal be indented
to recelve the box, and a protective cover supplied,
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SECTION 8. IDENTIFICATION OF KEY PERSONNEL

The followlng key péersonnel of Hazeltine Electronlics Divisgion
participated in the project described in this report:

John Sinnott
Gerold W, Bugen

Ira Krupen

Paul L. Dominique
Frank J. Delany

Willlem F. Gerold
Donald T, Gelgsr

> ,
ﬂ‘?"t. Lt AL,

upervisory Mecnanlical Engineer

Job No, 208

Design and Development Supervisor
Supervisory Electrical Engineer

Mechanlical Engineering Section
Head

Supervisory Mechanlcal Englueer
Project Administrator

Project Administrator

Ass't Project Administrator

FAZELTINE ELECTRONICS DIVISION
Hazeltine Corporation
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NOTES

1.NUMERALS ON ILLUSTRATION ARE USED FOR REFERENCE
ONLY AND DO NOT APPEAR ON LIFT SLING

A
B

LEBS 1,2,3 AND 4; ONE LEG TO EACH PICK-UP POINT ON PEDESTAL CASE.

LEG 3 FOLDED TO "0"RING; LEGS 1 AND 4 TO PEDESTAL LIFTING EYES
LEG 2 TO BAIL IRON BEHIND ROTARY JOINT.

LEBGS 2 AND 4 NOT USED; LEGS 1 AND 3 TO PICK-UP POINTS ON SUPPORT ASSEMBLY.

LEGS 1L AND 4 TO EYES ON AUXILIARY "A" FRAME; LEGS 2 AND 3 TO PICK-UP
POINTS ON FACE OF REFLECTOR.

LEGS 2 AND 3 TO PICK-UP POINTS AT WIDE END OF FEED SUPPORT;
LEG 1 TO PICK-UP POINT AT APEX OF FEED SUPPORT;LEG 4 NOT USED.

Flgure 27, Lift Sling Configurations
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ADDENDUM A
VOLTAGE STANDING WAVE RATIO MEASUREMENTS

Flgures Al and A2 show the V3WR results of the first model
of final design, figure A3 (block diagram) illustrates the test
hook-up for the VSWR measurements in 2, 3, and lj below,The secarch
radar VSWR measurements (figure Al, paragraphs and 3 below)
were taken over a frequency range of 1250 to 1350 megacycles,

The IFF bands VSWR measurements (figure A2, paragraph li below)
were taken over frequency ranges of 1000 to 1040 megacycles and
1080 to 1120 megacycles,

1, TEST EQUIPMENT

The signal generator used for the VSWR measurements is a
Hazeltine Model 1050B, modified to generate frequencies to 1350
megacycles, A Hewlett Packard Standing Wave Meter, supplied from
the slotted line (ses figure A3) by a crystal diode detectorn,
provided the indication,

2., ROTARY JOINT INPUT

The VSWR measured at the input to the rotary joint is shown
in figure Al, The maximum VSWR measured was 1.32 at 130, mega-
zycles.,

3. RADAR TRANSMITTER OUTPUT

The VSWR as seen at the output of the radar transmitter (see
figure Al) was found by measuring the VSWR into radar cable
RF30 (see figure 2), The maximum VSWR measured was 1,45 at 1338
megacycles, .

4, IFF OUTPUT
The VSWR measurements taken at the output of the IFF systemn,

are shown in figure A2, The maximum VSWR readings were 1,55 at
102l megacyeles and 1,73 at 1110 megacyclss,
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ADDENDUM B
ANTENNA COVERAGE TESTS

The anterma coverage tests were performed by the D, S, Kennedy

Co.s at Cohasset, Massachusetts, The test range 1s as shown in
figure Bl, Polarization of the transmitting antenna was adjusted
in sccordance with the test performed, The antenna undser test
was nounted on a towsr approximately 30 faet high In lis normal
attitude for azimuth patterns and endwlse for elevation patterns.
Signals recelved by the antenna, being tested, were bolometer
detected and recorded, ses figures B2 through B21,

Paragraphs 1 through 6 below describe the antenna coverage
tests, and give the results, for the first test model, Table Bl
tabulates the half-power beamwidths at the mid-point of sach
band (in both E and H planes) for test models, serial numbers 2
through 7.

1, ANTENNA GAIN

The galn of the antenna was measured at 1300 megacycles by
the substitution method., That 1s, a standard horn of known
gbsolute valus was substituted for the antenna under test, both
recelving the same maximum sighal and the same detecting system
being employed, The galn of the antenna was calculated as
follows:

Gain of antenna above gtandard 20,10 db
Gain of standard above isotroplc 14,11 db
34.21 &b

2, BEAM ANGLE ABOVE HORIZON

The beam angles above the horlzon in the two IFF frequency
bands and at the mld-point of the search radar band were taken
as follows:

a, The antenna was leveled in the normal position,

b. A transit was mounted to the reflector support, so that
its azlmuth plane was parallel to the reference plans,
The transit elevatlion scale was adjusted to zero degrees
wlith the telescops level.

¢, The reflector was turned 90 degrees, so that it "stoog"
on end,

Page Bl
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d, The antenna was tilted and trained for maximum recelved
slgnal and a readlng recorded.

e. The antenna was then tralned for a half-power reading.

f. The telescops on the transit was adjusted in the elevation
plane until the edge of the transmitting antenna was
slghted. The scale reading of the transit then recorded.

g, The antenna was rotated in its elevation plane until the
opposlite half-power reading was obtalned,

h, The transit was agaln adjusted as in f above,

i, The upper and lower 3 db points (half-power) were added,
One half of this angle was then subtracted from the upper
3 db polint to obtaln the beam angle above the horizon,

Je The results of the tests are tabulated below:

Froqusncy Beem. angle above horlzon
1300 megacycles 2 degrees U5 minutes
1001,5 megacycles 3 degrees L6 minutes
1118,5 megacycles 3 degress 37 minutes

3¢ AZIMUTH PATTERNS

Figures B2 through B8 show the principal plane horizontal
patterns measured Iln both the search radar and IFF bands. The
{o%loginglis a sumary of the half-power beamwidths and sids

obe levels:

Hulf~-power Side lobe
Frequency beamwldths level
(meggcycles) (degrees) (dt down)
1250 1.6 28,0
Search 459 1.6 29,7
Redar 1350 1,5 28,1
1001.5 1.8 25.9
IFF 1085'5 1.8 26.9
1081.5 1.6 27.9
1118.5 1,6 26,9

Page B2
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L, BACK RADIATION

Back radiation (figure B9) was measured by recording a 860
degree azimuth pattern, The radiation In the vlcinlty of 180
degrees from the maln lobe 1s at least 33 db below the peak,

5., AZIMUTH SIDE LOBES ABOVE AND BELOW 2,5 DEGREES

The azimuth side lobes off the principal plane were checked
by measuring horizontal patterns at specific tilt angles, The
anterma was tllted sufficiently to determine the greatest intensity
of side lobes whose maximums do not lle in the principal plane of
the main lobe,

The azimuth side lobe patterns are given In flgures B10 through
Bli. The power of the highest side lobe with respect to the
reference power level of the main lobe 1s noted on the patterms,

6, ELEVATION PATTERNS

The elevation patterns (figures BlS through B2l) were taken
with the antenna orlented to stand on end, The principsl plane
vertlcal patterns were messured for the search radar and IFF
frequency bands, The speciflication limit for vertical shaping
is shown overlaid on figure Blé,

TABLE Bl, HALF-POWER BEAMWIDTHS
TEST MODEL H PLANE E PLANE

(serial number)|(frequency in megacycles)| (frequency in megacycles)

1020 1100 1300 1020 L1100 1300

2 1.83° | 1.7° | 1.67° | 7.9° 8.2° | 5.8°

3 1.87° 1,77° | 1.67° 8.13° 8.27° | 5.83°

Iy 1.83° | 1,73° | 1.7° 8.,13° | 8,2° | 5.8°

5 1.83° | 1.73° | 1.67° | 8.47° | 8.2° | 6.0°

6 1.80° | 1,77° | 1.63° | 8.2° 8.2° | 5.83°

(A 1870 | 1.7° | 1.67° | 8.07° | 8.1° | 5.97°

1n Page B3
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ANTENNA
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| AND POWER SENSING
RECORDING EQUIPMENT

TRANSMITTING ANTE
(CIRCULAR SECTION OF A
PARABOLA WITH A 28

DIAMETER)

—

Figurs Bl, Antenna Test Range
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ADDENDUM C
ROTARY JOINT HIGH POWER TEST

gy TR e

This test was conducted at the Rome Alr Development Center,
Roms, New York, The rotary joint was connected as shown in
figure Cl, The high power radar signal was supplled by a
magnetron with an RG-69 wavegulde output. The power divider on
the output of -the magnetron provided power output contrel, Power
was measured with a high-power water-calorimeter load.

4 double stub wavegulde tuner was commected on the rotary
joint output and the water-calorlimeter load connected to the
wavegulde tuner, The output of a test generator was fed, through
a 10 &b attenuator and a wavegulde slotted line, to the input
of the rotary joint. The double stub tuner was then edjusted to
provide g VSWR of 1,3 in the slotted line. The test generator
and slotted line was then removed and the input of the joint
connected to the magnetron,

The magnetron trigger circult was adjusted to produce pulses

i mieroseconds wide at a PRF of 225 pulses per second, Therefore,

to obtain a peak power of 2 megawatis, an average power of 1800
watts must be obtained, since:
Pav

P
p (Pulse width) (Pulse Repetition Rate)

where, Pp is peak powsr In megawstts and Pav is
average power in watts

then pulse width can be given in microseconds,
1800

that 1s, Pp = DRER

= 2 megawatts

The average power of 1800 watts would be measured on the
calorimeter by a temperature difforence on the two thermonmeters
of 3.% degreos ¢ in accordance with the following calorimster
formula:

Pav=Q (A T) 26l
where Q = water flow (gallons/minuts)
AT

Pev

temperature difference (degress C)

it

avarage power (watts)

therafore, Pav = {2) (3.:) (26}}) = 1795 watts

In Pape 1

P22AVZR
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The rotary joint was evacuated to a gauge pressure of 6.7 psi
(representing an altitude of 16,000 feet above sea level), Power
was transmitted through the joint for a period of 15 minutes,
during which time no adverse conditions were noted,

Page C2
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ADDENDUM D
DESIGN OF OVERSIZED "O" RINGS

During pressure tests of the rotery Joints, air leakage
occurred at the pressure window flangea, with the pressure
windows mounted in the normal manner. Flat plates, when sub-
stituted for the pressure windows, showed no evidence of leakage.
A subsequent investigetion of the pressure window and "O" ring
groove design revealed that the leakage could be considerably
slowed by placing a shim in the groove beneath the "O" ring.

Acoordinﬁ to manufacturer's design standards, the groovs for
this size "O" ring (.139 ¢ 004 inoch) should be cut to such
depth as to provide a minimum "squeeze™ on the "O" ring or 0.025
inch, The groove, being 0.100 inch deep, should provide a mini-
mum of 0,035 inch of "squeegze," more than adequate for proper
sealing, However, this sssumes that the window scts as a rigid
flat plate., Since the lsakage has perslsted, it has been attrl-
buted :o some deflection phenomena existing in the pressure window
assembly, ‘

In the worst case, the lsakage was completely halted by
placing a 0,030 inch shim beneath the "O" ring, thereby decreasing
the groove death by this amount. Thus, the thecretical "flat
plate squesze” would be increased to 0,065 inch.

The same amount of "squeeze" may be obtained by increasing
the cross sactional dismeter of the "0" »ing te 0.165 inch and
using it in the standard groove of 0,100 inch depth, By using
this non-standard size "O" ring, the amount of squeeze required
for proper s ealing was obtained and the need for an extraneous
part, the shim, has been eliminated,

The eversized "O" ping was molded by the Mechanical Rubber
Cenpany, Warwick, N, ¥, in accordance with the eptimum dimensiens
calculated by Hazeltine Electrenic Division as follews:

"o" RING DESIGN CALOULATIONS
Oross Sectional Areas:
1 - Standard sized groove Ag = ,171 x ,100 = 0,017l 1n2
2 - Standerd "0" ring (,139 dta,) Ag = L2392 o o 0152 12

3 - Shims: Ag (max,) = ,171 x ,0030 = 0,0051 in?
Ag (med,) = ,171 x ,0025 = 0,0043 in?
Ag (min.) = ,171 x ,0020 = 0,003 1n?
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Ratio of Excess Rubber to Avalilable Space (R):

1 ~ Maximum case?

R = Ao - (‘G =~ Ag (mz.)) - 000152 - (0,007]1 = 0.0052)

Ag = Ag 0.0171 - 0,0052
0,0182 - 0,0120 _ _0,0032
g w -200152 120 . 0.00R _ g
0.,0120 0,0120

2 - Median ocase:

0,0152 - 0,0128 0,002l
R = 0,0128 = “o.0128 " 19%

3 « Minimum case:

0:0152 - 0,0137 0‘0015
R= - = 11%

0,0137 0,0137
SYNTHESIZED DESIGN CRITERIA

Method I: Design oversiszed "0" ring for medisn case of excess
rubbsr to available apace ratio,

Ag = 0.0171 1n? R = 19%
Ao = 2,04 x 1072 12 = L&

‘ d -\}jﬁtq = \rgg)gaﬁ% x10°2) = \]2.6 x 107}

d = 0,160 inch

In Page D2
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Method II: Design overaized "0" ring for median case where 1tis
oross sectional area is equal to the total cross
sectional area of the standard "O" ring and median
shim,
Ao = Ag + Ag(med,) = 0,0152 + 0,0043 = 0,0195 in?
5 ,
q = \|{4)(1.95 x 10 -\lz.ua x 107! = 1,875 x 10°1
3.14
d = 0,158 inch

The dlameters computed in both methods I and II are approxi-
mately equal and should constitute the median size required for
sealing the pressure windows, Therefore, s diameter of 0,150 ¢t
+005 inch has been selected for the oversized "O" ring,

Subsequent alr pressure immersion tests, using the oversized
70" ping in conjunction with the rotary joint and Airtron
pressure windows, showed positive results,

In all cases they:

1., Fit the groove quite well without extruding when the
flange bolts were taken up tightly.

2, Brfectively eliminated the leakage of alr through the
pressure windows, This fact is supported also by the
results of the heat run conducted on antenna pedestal
serial number 3, in which the rotary joint was sealed
a: the pressure window flanges with the oversize "O"
rings.

During the 2h-hour period from 10330 AM. 9/26/60 to 10:30 A.M,
9/27/60, the total pressure drop due to air leakage was only 0,15
psi, well within the specified limit of 1,68 psi/day.

in ' ' Page D3

P22AV2R




in

P22 AVZR

HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION
REPORT 10075 Addendun D
PERFORMANCE DATA SHEET

0A-1227 ANTENNA PEDESTAL
SERTAL NUMBER 3, 24-HOUR HEAT RUN

Time Temp, °C Pf;§;:§° Results

10:30 17 15,085 Since the terminal temperaturs
11:30 19 15,1 roadings are equal, the air
12:30 21 15.4 leakage loss is the difference
1330 22 15,6 in the terminal pressures, no
2:30 2l 15,8 temperature correction being
330 required,

L230 26 16,0 P initial - P final = Leakage Rate
Elapsea time

5230 25 16,0

6:30 2L 15,9 15,05 psig - 14,90 psig = 0,15
7230 23 15.7 2l Hours P31/Day
8230 20 15.4
9:30 20 15,2
10230 19 15.1
11230 17 15,0
T:30 am 18.5 15,0
8:30 17 14.9
9:30 17 4.9
10:30 17 4.9
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ROTARY JOINT, ANTENNA GROUP OA-1227(XN<1)/TPS
SUMMARY OF 2l HOUR CONTINUOUS PRESSURE TEST

In compliance with paragraph 3.3.2.10 of SCL-5296, provisions
have been made for pressurizing the rotating joint to 30 pounds
per square Inch, absoclute pressurs,

The rotary Jolnt has been tested while continucusly rotating
ov;{ & period of 2l hours, and its leaksge rate calculated as
followsa:

The initlal alr pressure within the system (p;) was 15,0 psig
and the air temperature (ty) was 29,3°C, At the concluzion of the
test (pp) was 13.7 psig ané (tp) was 26,5°C, Although the pres=-
sure gauge readings show a presasure drop of 1,3 psi, 1t must be
noted that there was slso sn accompanying drop in temperature,

In correcting for the temperature differentisl, the readings must
a1l be converted to absolute scales, Thus:

Py = py + 14.72 = 29,72 psia T, = t; + 273 = 302.3K
Py = 13,7 + 14,72 = 28,42 psla T, = 26,5 + 273 = 299,5%K

then the 1deal final pressure (le) corresponding to (T,) 18 cal-

culated using the constsnt volume equation for changing conditions
in one gas,

Pl = P1T2 = (29,72 peis) (299,5%) = 29,15 psta

By subtracting the actual finml pressure gauge reading from this
value, the emount of air leakage in psi may be found, Hence:

Air Leakege = P,' = P, = 29,45 - 28,42 = 1.03 psi,

Article 18 of the second amendment (February 2, 1958) to para-
graph 3.3,2,10 specifies: "The leskage rate for the joint shall
not allow a loss of pressure in excess of 0.l psi in a 2l hour
interval," Obviously the tested lesaksge of 1,03 psi was much
greater than the 0,4 psl per day allowed by the above amendment.,
In view of ithe bamic design factors influencing the performance
of the joint, it was Hazeltine's contenticn that the above speci-
fication is overly stringent end disproporticnate with reasona-
bility of design, Following are some of the design limitstions
vwhich must be respected:
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1. By stiffening the bellows, which would increase the sealing
pressure, the leakage could be reduced, However, there
is a maximum limiting surface pressure at which seal wsar
life 1s sacrificed for a little less leakage, We have
designed our rotary seal bellows joint to function safely
belew this limit,

2. Conceivably, the fine finish on the sealing surfaces (flat
within two light bands) could be made firer, but a harder,
closer grained material would be needed, A compromise was
effected here by using s high grade graphite ring with
superior qualities of long wear and natural lubrication.

3, Another design factor involved is that of the total life of
the alr tank at a given leakage rate. Rather than impair
the effectiveness of the rotary joint by obliging it to
operate under critlical conditions, Hazeltire chose to
design for a tank with a longer service life, snd & sube-
stantial factor of safety for pressure loss, The alir tank
has a capacity of 386 cu, inches, and a service pressure
of 2100 psig. Assume that during the service life of the
tank, that lts pressure will drop from 2100 psig to equalize
with that of the system at 30 psis.

Air Tank Rotary Joint
Py = 2100 psig = 2115 psia P, = 30 psla
V; = 386 n3 V, = 750 1n3

Assume that atmospheric pressure = 15 pais

Since the air will stop exhausting from the tenk when its
pressure reaches equilibrium with that of the rotary joint its
pressure differential (Pd; 3111 be 2115 pala - 30 psia = 2085 psi

d

a = PaVp
v, = Pa¥y = (2085 pat) (386 1n3) . . 24,800 13
P2 30 psia

Vg 18 the volume that the air in the tank would occupy
st 30 psia gnaido the rotary joint., Initially the rotary joint
contains 750 in3 air at 15 psia which is equivalent to 37% in,
at 30 psie. Therefore, at 30 psia, the air tank is capable o
completely filling the rotary joint 35 times,

26800 - 3789 2?%55 = 38,25
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At the specified leakage rate of 0,4 psi per day, which is
equal to 10 cubic inches of air lost from the rotary Joint per
day, the rotary joint may be completely exhausted in 1600 hours.

Mﬁw = 10 1n,3/day alir lost

30 psla

hre
0_in3 dey . 1800 hours

10 1n?/day

Since the rotary jJoint will never exhaust belcw atmospheric
pressure (15 psia) only one half of its volume of air will leak
out, Thus the time to exhaust the rotary joint to equilibrium
yiﬁi the atmosphere will bte 900 hours at the specified rate of

eakage, _

1800 nhours/vol. x !§L = 900 hours

Thus when the rotary joint is being filled to 30 psia, the tank
must supply one~half of its volume of air, The tank has already
besn shown to be capsble of completely filling the rotary joint
35 times, Therefore, it is capable of half-filling the rotary
Joint 70 times,

Thus the tank would become exhausted to equilibrium with the
rotary joint at 30 psis in:

L = 900 hours x 70 = 63,000 hourn

Hence at the specified leakage rate of 0,4 psi/day, the tank
is capable of a service 1life of 63,000 hours running time,

As specified in parsgraph 3.7.2(a) of SCL-5296, the overhaul
life of the unit is 5,000 hours of operation at 23 hours per day.
By comparing the two figures, it becomes apparent that the tank
1life, at the specified allowable leakage rates is 12,6 times
greater than the overhaul life of the unit,

At the tested rate of 1,03 ps! per day, the air tank life
would be:

L = 63,000 X 0oli = o) 150 hours
1,03

vhich 1s 4.9 times the overhaul life,
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To account for the inevitable varistions in resilience and
finish among the seels (1 + 15% tolerance in surface pressures)
a leakage factor of 30% may be added, assuming that the optimum
seal, as tested,leaks at a rste of 1,03 psi per day. The leakage
rate would then be:

r=1,03+ (0,30) (1,03) = 1,3} pst/day

A oonsideration must be made of the varying conditione encoun-
tered in operating and maneuvering in the field, The unit ias
designed to operate continucusly for 23 of 2i hours per day for
5000 opafabing hours, We reglize, however, that there will most
likely be pericds of intermmittent shut down when the equipment
ian't operating, but the seal is under pressure and will lose air
through static leakage, Then too, it may at time become necessary
to reposition the unit in the field for tactical reasons, This
would necessitate closing off the tank alr supply and breaking
the unit down for transportable packaging, During transportation,
the unit would be subjected to extended and irregular vibration,
enhancing the possibility of additional leakage, Thus, a liberal
factor of safety for pressure loss, as we now have, is advisable
to offset the possibility of unsnticipated loss of airj and as
well, the adverse leakage affects of operation in elevated tropiecal
temperatures,

To mccount for these variable factors, the leakage rate has
been further increased by 25% giving a figure of:

r= 1,3 + (,25) (1.24) = 1,68 psi/day
The tank life at this rate would be

L = 63000 x Ol 15,000 hours
1.68

fhe factor of safety for tank life over equipment overhaul 1ife
8 now;}

S.F, = 15,000 hours = 3,0

5,000 hours

A reslistic evaluation of the leakage problem has shown that
the use of 1,68 psi/day as a oriterien for rotary joint sesl per-
formance is of great advantage., Thls allows the rotary joint to
operate effectively within its range of optimum conditions, while
affording a liberal safety factor on leakage loss of 3.0,

Pursuant to this recommendation, article 18 of amendment 2

to paragraph 3,3,2.10, SCL-5296 was accordingly revised by, and
upon approval of, the Signal Corps.
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CALCULATION OF ggRS!?WER REQUIRED
ROTATE ANTERNA
Assuming the antenna to be a flat plate of the dimenalons
shown below, the horsepower may be calculated using the formula:
BP = 457 ¥2 ¢ Cp VD4 x 1076
shere: ¥ = rotational speed (rpm)
D = length of antenna (ft)
V = wind velocity (ft/sec)
Cp = drag coefficient
= aip density (slugs/rt3)
For operating conditions:
V (max,) = 60 mph = 88 £t/sec
€ («659P) = 0,00312 slugs/ft}
Cp (noise) = 0,53

£
|
D

' H= 11 £¢,

H D= [j0 £t,
- % N=6 o
g

f
P

EP = (.457)(6)2 (.00312)(,53)(88)(4q* x 1076
HP = 6,15
The asimuth drive efficiency is assumed to be 55%

then HP = "2;;2 = 7.24

Using next higher standard sise, HP = 7,5 HP
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Derivation of Wind Torgque Equation
(a) Wind Veloocity Distribution:

A flat plate rotating about 1ts center has a relative
wind velocity distribution as shown below:

,"v/ Y

‘ I
Voos s ~p 008 &

Vecoss + uwp

wheres © = potational speed of plate (radianas/sec)
V = wind velocity (ft/sec)
© = angle of incidence of wind from perpendicular(®)
R = padius of plate (£t.)
Left side: wind alds rotation (negative torque)
Vi =V cos @ « up
Right side: wind inhibits rotation, effects are additive
Vg =V cos O + ur

~ Area:
1 :

H A= So H 4ar
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(b) Torque (T)s
T=PFr wheretr = elemental radius

F = drag foroce on plate
Drag force:
F=1/2, 0p av2
where! CD = drag coefficient
¢ = air density (slugs/rt3)
A = area of plate (ft2)
V = wind velocity (£t/ssc)
m-1/2PcDAv2r n
Left side: Vp = V cos © = r ASO ® dr
T, = -1/2 ,0 (SB H dr) (V cos ¢ = wp)2 (p)
D
Right side: Vo = g cos O + wp
T, =1/2  Cp _ Edr) (Voos 0+ wp)2(p)
Total torque: T = Ty(-) + Tg(+) = =T
T =1/2 eOD (S: H ar)(r) EVcos o+ wr)2 . (V cos O-O)r)zj
T=1/200p ( S‘: H dr)(r) (4 cos © or)

R
T=2pCHHEVoos 60 So r2 ap

2
T-"a'()GDHVeOQOmR3
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Assume wind acting perpendicular to plate:

Angle of incidence
Cos 0 = gos 0° = 1

Substituting:
RSR
2
11
H = Lo D
21N
M T

T'z.hNPCDVDkx
(¢) Horsepower
up = 2T NT
33,000

HP = 457 N2

0= 0
(D = total length)

(N = ppm)
10-3

substituting for T

0 Cp vot x 106

Addendum F
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GEAR CALCULATIONS

1, AZIMUTH DRIVE GEAR DESIGN DATA SUMMARY AND CALCULATIONS

Linit M.S.
Gear Face Beam |Dynamic |Load for
Pig, P.D. | No. |Width|Strength| Load Wear Wy
@1 |D.P.| in [Teath| in, |W,(1bs,)|Wq(lbs,} W,(1bs.)|R.P.M.| Wy
2 \ 5 (32,0 |160 | 2,50| 19,220 | 8200 9850 6,14 (2,35
B 5 | h.0o| 20| 2,75] 12,750 | 8200 9850 49 1.56 |
c 8 |12,5|100 | 2,00 7,810 | 2922 3120 49 2,67
D |8 2,500 20 | 2,25| 5,610 | 2922 3120 245 1.92
E (10 91| 91 | 1.50| 4,610 | 1760 1940 2u8 2.52
F |0 2,6 | 26 | 1,75 3,630 | 1760 1940 862,5 | 2,06
¢ (16 5.0| 80 | 1.25| 2,365 | 1470 1520 862,5 |1.61
B (16 2,5 | 4o | 1.50| 2,130 | 1470 1520 1725 |1.45

#The output speed of 6,1 RPM is a result of the choice of
ear ratios, Although the nominal specified ocutput is
0 RPM, the design speed of 6,1 RPM is within the require-
ments of the design specification,

AZIMUTH DRIVE GEAR CALCULATIONS

The design of the gear drive system 1s based on the following
parame ters:

Drive motor to be 7.5 H.P. at 1725 RPM, stall H.P, 15
(Ref: Drive motor calculations)

A1l gears to be 20° P,A. Spur, for maximum load capacity
st minimum cost,

All Eears excopt gear A" to be made of SAE L4140 alloy
steel, heat treated and surface hardened as showm in
table above,

Gear "A" to be made of SAE 8660,
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- M e

Tooth beam strength to be based on stall (maximum) torque of
the darive motor,

Dynamic load and limit wear load to be based on 150 percent
(approximately) of rated H.P.

Face widths to be approximately 5 times the circular piteh of
the gear. (Ref: Machinery's Handbook.) Gear "B" will be ecrown
shaved and shaft parallelism will be closely controlled to insure
full tooth mating,

All gears to be class 3 commerclal in order to obtain the re-
quired precision at minimum cost.

; l Overall gear reduction is 287,531
| l

a., DYNAMIC LOAD CALCULATIONS: (MAXIMUM OPERATING LOADS)

(1) Dynamic load calculations are based on the following
formula, (Ref: Manual of gear design-E, Buckinghanm,)

(2) Gear designations as per figure Gl and table Gl.

Wd = 205V jW;Y)— + W
05V + |[FC + W

Where: V = Piteh line velocity in F.P.M, =

:" X P:D. X R.PQH.
12

P = Face width of gear in inches

C = Deformation faotor (A constant based on gear
accuracy, tooth form and modulus of elasticity.)
(From chart in Buckingham, )

W = Total applied load = 003 z B.P
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GEARS A snd B

() o -}
W= 7,9 x 103 1bs,
Vs 50.3 F.PQH.
F= 2,8 in,

C = 1660

+*
Wy = 05 V (FC + W) .y

05 VFC + W

+05 x 50,3(2.5 x 1660 + 7,9 x 103)
05 x 50,3 + |/2,5 x 1660 + 7,9 x 103
= 3.2 X 103 lb..

GEARS C and D

re
W= 2&60 1bs.
vV = 161 F.P .M,
Fr2,0in,
C = 1660

Wy = 305 V (FC + W) .y

.o;v-»Vkonir

_ 205 x 161(2,0 x 1660 + 24,6 x 102)
+05 x 161 + |/2,0 x 1660 + 24,6 x 10°

Wy = 2922 1bs,

GEARS E and F
ore
e 680 1bs,

V = 583 F.P.M,
F=1,5 in,
C = 1660

205 V (FC + W)

W, = + W
¢” osv+|FoFW

+ 7.9 x 103

+ 24,6 x 102
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b,

Wy = 205 x 583 (1,8 x 1660 + 680) .o
.05 x 583 + |15 x 1660 + 680
Wg = 1760 1bs,

GEARS G and H

ore

BEAM STRENGTH

Beam strength

Whers

350 1bs,
1130 F.P.M.
1,0 in,
1660

Wy = ,05 V (FC + W) + W

05V +\[FC+ W
405 x 1130(1.0 x 1660 + 350)

.05 x 1130 + \/1.0 x 1660 + 350

Wy = 1470 1ba,

Q'3 =E
| BN B B |

W, =S PFY

Addendun G

CALCULATION (MAXIMUM ALLOWABLE TOOTH LOAD)

caloulations are based on the Lewis Equation

Sy = Safe statis bending stress of gear material

P = Ciroular pitch :1‘

F = Face width

Y = Tooth form factor (obtained by considering the
gsar tooth as a beam, fixed at one end and
loaded at the other) (Ref: Manual of gear

design-E Buokingham,)
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GEAR B

Where:

GEAR C
Where:

GEAR E
Where:
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Wy =8 PFY

8¢ = 70,000 1bs/in,2 Wy, =7x 104 x .,628 x 2,5 x ,175
P = .628 h'lo
F = 2,5 in, Wy = 19:22 x 103 1pa,
Y =.,175
Wb = St PRY
Sy = 70,000 1bs/in,2 W, = 7 x 104 x .626 x 2.5 x .116
P = ,628 in, l
F = 2,5 ia, Wy = 12.75 x 203 1bs,
¥ = 26
Wo=S, PFY
St = 70,000 1bs/in.2 W, = 7 x 104 x ,393 x 2 x ,142
P = ,393 in,
F = 2,0 in, Wy = 78,1 x 102 1vs,
Y = ,142

Wb=StPFY

70,000 1bs/tn,2 W, =7 x 10k x ,393 x 2 x .102
0393 in.

2,0 in, Wy = 56,1 x 102 1bs,

,102
70,000 1bs/in,2 W, = 7 x 10% x .31y x 1.5 x .40

31 4n, Wo = 16,2 x 102 1bs,
1.5 in,
140
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GEAR F Wy =S; PFY

Where: Sy = 70,000 1bs/in.2 Wy, = 7 x 104 x ,314 x 1,5 x 110
P = 031’,}, in.
F =1.5 in, Wy = 36,3 x 102 1vs,
Y = ,120

GEAR G Wp= S, PFY

Where: Sy = 70,000 1bs/1n.2 Wp=7x 10k x o196 x 1,25 x ,138
P = ,196 in,
F =1,25 in, W, = 23,65 x 102 1bs,
Y = ,138

GEAR H W, =S8 PFY

Wnere: Sy = 70,000 1ba/in,2 W, = 7 x 1t x ,196 x 1.25 x .12}
P = .196 mo
F =1,25 in, Wp = 21,3 x 202 1bs,
Y = ,12,

6. MARGIN OF SAFETY
Assuning pulsating load conditions: !h =1,35
W

Which means that for peroply designed gears, the tooth beanm
strength should be equal to or greater than 1,35 times the
operating load, (Ref: Manual of gear design-E. Buckingham,)

The following is s tabulation of the M,S, of the gears:

Wy
GEAR MS = R
Wa
A 19,22 x 103 = 2,35
I 8.2 x 102
B 12,78 x 103 _ ; o
8,2 x 103
L ¢ 1812108 o5 ¢
29,22 x 102
I D 56,1 x 102 _, o5
29,22 x 102
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Y
GEAR M8 = =2
L
2
E Eb.a x 10 . 2.2
17.6 x 102 .

d.
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P 36,3 x 102 . 5,06
17.6 x 10

@ 23.68 x 102 _ | o
10,7 x 162

: 21,3 x102 o4 5 |
1,7 x 108 - |

LIMIT LOAD FOR WEAR |

(1) Limit load for wear is based on the formula: W, = DFKQ
(Ref: Manual of gear design-E, Buckingham,)

Where: D = Pitech diameter, pinien, inches

F = Face width, inches g 2
K = Load-atress factor = _W___8inx ;/J-'- + 10
1.k \F 5/

Vhere: Sw = Surface endursnce limit
X = Pressure angle

E = Modulus of elasticity of pinicn and gear

Q = Tooth ratic = %1-:;- (spur gesr); %-l.!_; (iaternal gear)

. Where: N = No, of teeth in gear

n = No, of teath in pinion
(2) For acceptable gears W, 2 Wy

To provide continuous service without appreciadle wear,
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GEARS A and B

Vhere: D = 4,0 in,

Fa= 2.5 in,
K= }30

Q= 2,29
GEARS C and D

Where D = 2.5 in,
F=2,0 in,
K = 375
Q=1,67

GEARS E and F

Where: D = 2,6 in,
F=1,5 1in,
K = 318

Q = 1,56
GEARS G and H

Where: D = 2,5 in,
Pa 1.?5 1n.
K = 366

Q = 1,33

Addendum G

ww = DFKQ
W, =40 x 2.5 x 430 x 2,29

W, = 9.85 x 103> Wy = 8,2 x 103

W, = DFKQ
Ww = 2.5 x 2.0 x 375 X 1067

W = 31,2 x 102 > Wy = 29,2 x 102

W, = DFKQ
Wy, ® 2,6 x1.5 x 318 x 1,56

W, = 19,4 x 102> W, - 17,6 x 102

W, = DFKQ
w“ = 205 b 4 1025 > 4 366 b 4 1.33

Wy = 15,2 x 102>W, = 14,7 x 102

Page @8
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TABLE G1, GEAR MATERIAL HARNDESS DATA ‘

GEAR HEAT TREAT HARDNESS
A See report on main bearing
B Ry 32-34 R, 57-59
c R, 32-3 Ry b2l
D R, 32-34 | Ry 46-48
E R, 32-3 R, 36-40
F R, 32-34 R,
o R, 32-34 R 4-li2
H R, 32-34 Re l-ily

e. GEAR LIFE EXFECTANCY

The celculation of the life expectancy of the gears is dbased
on the statement in "The Manual of Gear Design," by E. Buckinghan,
that the 1ifs of & §ear is equal to the inverse proportion of the
losd raised to the 10 power, Using load-stress factor "K" of L4130

for gears "A" and "B" (the lowest life expsctancy gears), and
basing the life on 100 x 106 cycles, a maximum compressive stress,
Ses Of 163,000 1s cbtained from the chart in the referenced text,
The actual compressive stress is found from:

s, = [3sw L + L
R R

1 2
r L. o4+ L.
Ry Ry

Where: W = Tooth lcoad
= Piteh radius of gear x Sin Pressure Angle

= Pitch radius o f pinlon x Sin Pressure Angls
= Face width
and E; = Modulus of elasticity of gear and pinion

e
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Therefore: S, = 184,600 1bs,/in,2

The 1ife factor then becomes:

. 10
163,000 3
Fy = 18),, 600 = .66

To find the life expectancy at the actual load:
L = ,66 x 100,000,000 cycles
= §_§___J_c_}_9_(_’_ oycles
or . _66x10°
RPM x 60
L =10,000 hours

Since gears "A" and "B" have the smallest life expectancy,
calculation for only those gears where shown,

2, SYNCHRO DRIVE BACKLASH CALCULATIONS
(Refer to Figure G2)

, GEAR
DATA J L M N K . R
No, Teeth 396 66 . 128 32 32 192
Dia, Fiteh 20 20 32 32 32 32
Pressure Ang, 20° 200 14-1/2° | 14=1/2° | 14-1/2° | 14-1/2°
Piteh Dis, 19,800 3,300 L,c00 1,000 1,000 6,000
To £ind the backlash at the individual meshes we have:
Backlash = _.fiil__.. Van Keuren
(inches) 1/2 coT ¢ pg. 116
or
Backlash = 2 (AC) TANK ¢
(inches)
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To £ind lost motion of the -driving gear with the synchros
stationary we have:

5 = D3, By L. D, Martin
Ry Do Rh Machine Design
May, 1953
(Radians)
Nomenclature
B = Backlash R = Tasting Radlus
C = Center # = Pressure Angle
D = Testing Diametar 0 = Arc of Lost Motion
Lost Motion of driving gear from 1:1 synchro:
Byp = 2(AC) TAN ¢ Tol. on dlst.# = .01l
2(.0207)( 364) = ,0151" Comp error (prec.cl 1) = ,001
Shart tol, = ,0005
Bearing tol. = 0002
Distortion due to
load on large brg = ,005
Faye] = ,0207
Bxg = 2(.0035)(.258) = ,0018" Tol on dist.# = ,0018
Comp, error (prec.cl,l) = ,001
Shaft tol. = ,0005
Bearing tol, = ,0002
Ac = ,0035

L B
) % 32
018 3_{2 .015

0119 + ,0015 = ,013); Radians
013 x 3438 = 46,07 Minutes
6Jr + 23 minutes

#Tolerance on £ distance due to machining tolerances on bull
gear bearing, upper and lower bearing support castings and
location of synchro gear box,
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Lost motion of driving gear from 24:1 synchro:
Brp = 0151
Byy = .0018 (same as Bgg)
oI = (Bug) DL + By
R/ Ty ;5
OJN = 20018 3T1}.+ 20131
2 9.9

1 L} o - L

(.0009) .825 + ,0015
0007 + ,0015 = ,0022 padians
00022 x 3438 = 7,56 minutes
Oy = ¢ 4 minutes
3, SUMMARY OF GEAR SHAFT BEARING DESIGN DATA AND AZIMUTH BEARING
LOAD CALCULATIONS
8, Summary of Gear Shaft Bearing Design Data

BRG. ACTUAL LOAD
IDENT, BEARING ACTUAL CORREGTED RATED
FIG.G3 NUMBER LOAD FOR LIFE & SPEED LOAD
I 499503 350 at 378 1v, Lo 1b,
1725 RPM
I 499503 111 at 120 1b, 4o 1v,
1725 RPM
III 43308 16,1 at 17.5 1b, 1111 1%,
825 RPM
Iv 4499605 12 at 4ys 1b, 1110 1b,
862,5 RPM
v 499508 1435 at 1556 1b, 2150 1b,
245 RPM
VI #R-345-LL | 44030 at 6860 1b, 9450 1b,
245 RPFM L5
VIiI #Re365-LL | 13000at 12,750 1b. 22,800 1v.
_ 48 RPM
VIII #R-365-RR | 20,030 at 19,650 1b, 26,600 1b,
48 RPM
‘ 1n NOTES: 1. All bearings "New Departure" except those marked #,

2, #Denotes "N - n .
iavan ¢ "Norma~-Hoffman" bearings Page 612
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NOTES (Conttd)

3. a, New Departure bearings corrected for 1life and
speed by formula R, = R, x L, where
Ry = corrected load
Ry = actual load
1. = correction factor (N,D. Handbook Pg, 10)

- [ 3 -

b, Norma=Hoffman bearings corrected for life and
speed by formula R, = R, x L x S where
Ry = corrected load
Rq = actual load
L = life factor (Ref, Norma-Hoffman Catalog
S = speed factor Pg. 126)

b, AZIMUTH BEARING LOADS

Bearing load caloulations are based on transmission of 15 H,P.
Since only a negligible thrust load (the weight of the gears and
shafts) exists,the load on the bearings 1s a funotion of the
resultant of tﬁe geparation and tangential forces developed by
the gears, and the distance of that resultant from the supporting
bearings of a given shaft, See figure Gl and G5,

Terminology
HCP X 6 02
= Torque transmitted = —-'--__3_2
¢ 1 RPM
e
P = Tangential force = FIEoR nodloe

8 = Separation force = P x TAN°C ( vhere« = tooth

pressure angle)
L .3 Resultant force = \/P + g2

(1) Bearing and gear identification is shown in figure G3,

(2) Roman numeral subscripts to P and S indicate bearing
reactionsa,

(3) Arabic numeral subscripts to Q, P and S indicate gear
mesh number,

! In Page G613
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BEARING I
Qlaw = 548 PI-MB__&.M:333 B
1725 6.50
p, = U8 =38 S; = 159 x L,9k = 121
1.25 6,50
$; =138 x .36b =159 L \£333)2 + (121)2
Ly = 350 Lbs.
BEARING IT
ppy = WX 186 whos  npp = \K205)2 4 (38)2
6450
Sg7 = 159.% 1,56 = 38 Lrr = _111 Ib,

6.50
|
NOTE: Sub-subsoripts denote gear mesh, e.g., P11y 1s

the tangential force reastion of the first mesh
on Bearing III,

BEARING III N.B. in celculating Lryy =~ SIIIl and PIIII

are shown negative since they are acting in a
direction opposed to sIIIz and Plez

Q = 15 x 63029 = 1090 PIIII e 138 x 3.87 . 323

863 5.25
P, = 2090 . g38 o 159 x 3,87
8, = 838 x ,364 = 303 Prz, = §2§;£E§alé = 338

Lypz = (323 - 338)% + (125 - 117)?

s = 303 x 2,12 o 125

115, 5.25

LIII = 16.1 Lb,

1in Page Gl
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BEARTNG IV
PIV = M = 115 PIV = M = 500
1 5.25 2 5.25
] = M - )2 s = 303 x 3,13 = 181
! 5.25 v V2 5.25
Lv, = \[(s00 - 118)2 + (181 - y2)2
Ly = Ll2 lbs,
BEARING V

NOTE: In the calculation of loads on Bearings V and VI
the angular displacement of the shafts #2 and #3
was coneldersd by using the components of the
forces.

aus

P, = 3870 = 309
3 1.28 3095

83 = 3095 x 364 = 1126
pv.g}_q_g_lg_+o9x 8 x 2,25 ,1126 x ,93h x 2,2

10.5 10,5 10,5
Pv = 1&21
Sy = 303 x 12 , 1126 x 358 x 2,25 . 3095 x .93 x 2,25
10,5 10.5 10.5
Sy = =185
Ly = |/(121)2 + (-185)2
Ly = 435 Lbs,
Page G15
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BEARING VI
Pyr = 512 + M_ugﬁi + ___1126._,:: 224___..15
10. 0.5

PVI = 27'40

303 x 1,5 + 1126 x ,358 X 12,73 + 3095 x ,93% = 12,75
o 10'5
Syr = -2957

L = |/(2740)2 + (-2957)2
L = 4030 Lbs,

BEARING VII
Q = = 15 xhg§025 = 19,720 = 3095 % 6.5 5020

P

p, = 19720 o o849 Syry, = 1126 X 6.5 483

2 3 4

- 3590 x 2,94 = 2640

Svnu i

Lyrr = |/(5020 + 7280)2 + (1830 + 2610)2

LVII = 13,000 Lbs,
BEARIRG VII

0 x 2 = 1932
b

Pyrix 3"
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BEARING VIII (Cont'd)
860 x 6
P. - 3860 x 6,94 17,100
vnxu " ’

&
£
:

- ﬁﬂ_{’:_ﬁ.:ﬂi = 6230

l Iyrrr = \/(1932 + 17100)2 + (708 + 6230)2
i Lyrzy = 20,030 Ibs,
i 4 AZIMUTH GEAR SHAFTS

s"“u

G e ) BT T RRENET Y

a, General

l All shaft caloulations are based on the shafts being made
rrom S.A.E. 4140 alloy steol, heat treated to 150,000 p.s.i.

Allowable torsicnal shear stress is taken to be 18 percent
of the U,T.S. (see above), (Ref, Marks Handbook,)

Shatt designetions are shown in fligure G1,
Minimum shaft diemeter calculations are found by using the

3
D= \/_1..9_ \/(E M)2 + (K, T2 (Ref, Marks Handbook)
s, | m

vhere: S, = shear stress 18% U.T.S. = ,18 x 15,000 = 27,000 p.s.i,
Ky = shook and fatique factor = 3

|
i formula:
|
l

(Assuming worst load-
Ky = shock and fatigue factor = 3 ing co~ditions)

M = maximum bending moment (see derivation below)

The value of M for shafts #1 and #2 is obtained fram
the beam formula for a beam supported at the ends with
a concentrated load at any point,

M = Fab
L

Pr———
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b, Shaft No, 1
P= 15;611)8. (S1 of bearing load caloulations)

a .
b
L

9l
.0

M= 109 x 1,56 x bi,9h

6.0

M = 204 in, 1b,
T = 548 (Q of gearing load calculations)

3 ,
D, = \/(8.9 x 1073 V(s x 204)2 + (3 x 548)2
D1 = .ils in,

6. Shaft NO: 2

N.B.: The total bendiné monent on shaft No, 2 1a the
algebralc sum of the moments of S; end S, which are acting in
opposite dlrections,

P, = 159 1bs, (S; of bearing loads)

159 x 1,38 x 3,8

Ml .
a = 1.88 in,
b s 3,87 in. “1 = )61 in, 1b,
L =525
Pry = 303 1bs. (S, of bearing load calculations)
4 = 2.12 in.
b = 3013 in,
L =§5,25 1n, 303 x 2,12 x 3,13
¥o = 5,25

My = 381 in, 1b,

Mpop = Mp = My
= 381 - 161
Mpop = 220 in, 1b,

Page G18
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T = 1090 (Qp of bearing load calculations)

3
D, = \/4;.9 x 100 \ﬂ3 x 220)2 + (3 x 1090)2

Dy = ,856 in,
4, Shaft No. 3
N.B.: The totalb ending moment on Shaft No, 3 1s the
slgedbraic sum of the moments of 3, and S, which are acting in
opposite directions, The bending moments are equal to the force
S times its distance from its mpporting bearing,
Py = 303 lbs, (Sy of bearing loads)
Ll = 1.5 1”.
Ml = P]-Ll = 303 x 1.5
Ml = h.55 in, 1b,
Py = 1126 1bs. (83 of bearing loads)
Lz = 2025 1!1.
M, = P2L2 = 1126 x 2,25
My = 2525 in, 1lbs,
Mpop = My - M = 2525 - LSS
T = 3860 (Q3 of bearing loads)

Dy = 3\ /18,9 x 10°5 ‘/(3 x 2070)2 + (3 x 3860)2
Da = .22 ’.n.

e. Shaft No, L
N.B.: Since the physical arrangement of shaft No, L is
the same as shaft No, 3, calculation of the totsl bending moment
on shatt No, l} follows that of Shaft No. 3,
Py = 850 1bs, (S of bearing loads)

Ll = 2.88 112.

Page G19




5 1n

P22AVZR

HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION

REPORT 10075 Addendum G

My = PyL, = 1126 x 2.88
My = 3240 tn, 1b,
P, = 3590 1bs, (Sh of bearing loads)
Ly = 2,94 in,
My - Pply = 3590 x 2.94
M, = 10,550 in, 1lbs. |
Mpor = My - ¥y ® 10,550 - 3240 |
Mpop - 7310 in. 1ba.
T = 19,720 (Q of bearing loads)

D = </28.9 x 107543 x 73.1 x 102)2 + (3 x 19.72 x 102)2

f. Conelusion

The foregoing shaft diameters are minimum requirecaments,
Actual shaft dlameters will be affected by the bore size of the
supporting bearings required, but will aslways be equal to or
greater than the calculated minims,

g The following ssfety factors indlicate the ratio of the
allawadbls working stress to the assumed working stress of the
actual shafts,

S,F, = D3 actual
D3 calculated

Shaft No. 1 8,F, = 93703 w0 5,0¢
(.718)3

1.28)3
Shatt No. 2 8,F, = $1:28)2 4 5 9y
ae e (.856)3

Shatt No. 3 s.p. = 1eT1 o 5
(1.33)3

Shaf't No, l}, S,F, = '(—2'-.-25-)-3‘ i Mé_
(2.28)3
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GEAR"F"

GEAR'"D"

GEAR"E"

GEAR "A"

Figure Gl. Azimuth Drive Gearing
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N
COUPLING COUPLING (
—=> CAM  posITION
INDICATOR
/——‘ SWITCH
24:1 H
31TX4 86
400~ 80w
Pigure G2, Synchro Drive System
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— ¢ —

I BRG. NO. II

DRIVING
SHAFT

]
—
PX ! -1 Lilel_ 81
[ | =/~
Ln:;;;??I;;—— BRG. NO. I

Figurs 3, Typical Azimuth Bearing Load Analysis
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%

=<1

LOAD ON BRG. NO. I =

L+bd
a+b

L+a

0A » NO, IT =
LOAD ON BRG. NO porey

Figure GL. Basle Bearing Load Analysis

S, SINB

Figure G5, Typical Force Analysis of Angularly Displaced Shafts
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ADDENDUM H
WIND FORCE ON REFLECTOR ASSEMBLY

The drag force produced when relative motion exists between

& fluid and & solid body 1s described by the formula:
Fq = 400Ca A v2
where:
Fgq = drag force (1bs)
A = projected ares of solld body (ft2)
V = velocity of relative motion (ft/sec)

Cq4 = drag coefficient (dimensionless quantity dependent upon
configuration snd surface conditions of solid body)

{ = density of fluid (slugs/ft3, dependent upon temperature

and pressure conditions of the fluid)
For Air at Sea Level
Q: lg 2
(Ta) (g)
where:
Ta = absolute temperature (degrees rankine)
Po = standard air pressure at sea level = 29.92" Hg

g = 32,2 ft/sec?

at - 6§°F
Ta = 395°R

) = 1,32 ) 29092) = 3
g 1T3%§§%é§7§7__ .00312 slugs/ft

Survival Conditions
Cage I:

V = 90 mph = 132 ft/sec
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# Cq (5/8" squarex mesh, without ice) = 0,53
A = 36} rt2
Q@ = .00312 slugs/rt3

Fq = % (.00312)(0.53)(364)(132)2 = 5340 1ba.

# Derived from wind tunnel tests, applies to this size squarex
mesh only,

Case IT,
V = 40 mph = 58,6 £t/sec
Cq = (antenna iced, approximates flat plate) = 1,0
A = 36l re2
@ = .00312 slugs/ft>
Fa = & (,00312)(1,0) (364)(58.6)2 = 1950 1vs.
Ubviously, the most severe wind loading conditions ocour
when the wind velocity 1s 90 mph, the reflector being free of ice,

The force produced is 5340 lbs., equivalent to a uniform static
load of 14,7 lbs/sq. ft,

avs Page H2
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ADDENDUM I
STATIC LOAD AND DEFLECTOR TESTS

Test Procedurse

The reflector, reflector support and feed support were suspended
from a heavy stesl frame, with the reflsctor's vertex pointed towards
the zenith, Male and female self-reading aluminum gauges were at-
tached to the reflector and reflector support, to record deflectlons
at any loading condition (see figure I1), A representative sample of
concrete blocks was welghed on & calibrated scale und found to be 61
pounds per block, '

A summetion of the moments In comparing the load on the reflector
support and pedestal bolting arrangement for, first, the reflector
In 1ts vertical location and, secondly, the reflector In 1ts test
location shows that 800 1bs of the antenna panel sections must be
included as part of the effective loading to obtain valid results,
In addition, 160 1lba, of 1/4~inch masonite was used to protect the
gscreen surface of the reflector,

Concrete blocks simulated the load snd were oriented so both
halves of the reflector wers symmetrical, and dlstributed to obtain
uniform loading.

Test Results

Test results showed that the antenna easily surpasses 1ts re-
uirements, In Interpreting the results of the deflectlion readings
?tables I1 and I2), it must be remembered that the basic calibration
was established with 800 1lbs, of panels and 160 1bs, of masonite on
the_structure, This represents a distributed load of 960 1bs/365

£t,2 for 2,63 psf, This 1s, therefore, the zero datum for all
deflection reasdings. '

The Operation Average Net Deflection (table I3) uses the ver-
tex locetion after deflectlion, as a datum to show the surface
tolerance, Where there are symmetrical reasdings, these have besn
averaged: e.g., 1-14, 2-24, 3-3A, 5-7,

The Survival Average Net Deflection (table IL) uses the "W
Brace" (i1.e., 5 & 7) plek-up points as a datum to show the actual
movement of the reflector 1tself with respect to the support struc-
ture, It should be noted that there is basically no deflection at
the vertex, Thils was antleclpated, for there 1s a negative bending
moment and deflection in the centrsl section, This is counter-
balanced by the force of the local distributed loadingss therefore,

Page Il
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little or no deflection occurs, These values have again been averaged
as discussed In the previous paragraph,

Finally, it should be noted that there 1s an angular deflectlon
of the beam, In addltlon to the surface tolerance deflection, This
engular movement can be approximated by taking the difference of the
4 and LA rods = 0,0013/132 inches = Tan 0 = 0,00227; therefore 6 =
0° -08!' for the operational loading.

TABLE Il, FIELD DATA DEFLECTION READINGS

INITIAL OPERATIONAL SURVIVAL CLIMAX  OPERATIONAL FINAL
LOCATION READING READING READING  READING READING READING

14 0;1“ 0'6" 1.0" 1.25" 0°7n 0.25ﬂ
2A 0.0" 0.35" O.h" oo 5" 0.5“ 0‘05"
7 0.1ﬂ 0. [ 0.75n 0'9n o.h 1" 0.1n
3A . 0.1" 0. " 0.05" l.hsn 0.7“ 0.2"
0 1" 0.1“ OOh" 0. n 0.15ﬂ 0‘0"
0 1" 0.3u o.lu 0.2" 003" 0.15"
hA 0.1" 0.u" '2" .h" 0.5“ 0.0"
2 0.0" 0.2u 0.h5" 00h" 0'25" 0.05ﬂ
5 0.1" 00“5“ 0.75" 0.9“ 0.5" 0.15N
3 0.1" 0.55" 1.05" 1.2n 0.7ﬂ 0.25u
1 ‘ 0.2" 0055" 0;85" 1,0" 0.65" 0.2"
TABLE I2, TEST DATA DEFLECTION REAbINGS
TOTAL TOTAL DEFLECTION DEFLECTION
NUMBER LOAD LBS, P.S.F, LOAD LBS. P,S.F,
1) Inital
Reading 960 2,63 0 0
2) Operational
Readings 3220 8.82 2260 6.19
3) Survival
Readings 5380 4.7 20 12,1
1) Climax
Readings 5810 15.9 4850 13,3
5) Additional no
Loadings 6260 17,15 readings -
6) Operational
Reading #2 3220 8.82 2260 6,19
7) Final
Readings 960 2,63 0 0

Page 12
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TABLE I3, OPERATION AVERAGE NET DEFLECTION
GROSS VERTEX

OPERATIONAL INITIAL DEFLEC- (BASE) NET AVE NET
LOCATION  READING READING TION  DEFLECTION DEFLECTION DEFLECTION
14 0.6 0.1 0.5 0.2 0.3 0.22
2A 0.35 0.0 0.35 0.2 0,15 0.07
7 0.% 0,1 0,30 0.2 0.2 0,17
34 0. 0.1 0.5 0.2 0.3 0.27
h, 0.1 0.1 0.0 0.2 "0.2 "002
6 0.3 0,1 0.2 0.2 0.0 0.0
LA 0.0 0.1 0.3 0.2 0.1 0.1
2 0.2 0.0 0.2 0.2 0.0 0,07
5 0.45 0.1 0.35 0.2 0.15 0.17
3 0,55 0.1 0.45 0.2 0.25 0.27
1 0,55 0.2 0.35 0.2 0.15 0,22

The surface tolerance is a function of the totesl deflection of
any point less the vertex deflection of 0.2 Inches. The left side
of the raflector deflected more than the right sidej therefore, the
average of corresponding points has been taken as a true resding.

TABLE I4j, SURVIVAL AVERAGE NET DEFLECTION
GROSS "W!" BRACE

SURVIVAL INITIAL DEFLEC- (BASE) NET AVE NET
LOCATION READING  READING _TION DEFLECTION DEFLECTION DEFLECTION
1A 1.25 0.1 1.15 0.8" 0035 0.17
2A 0.).].5 0,0 0. 5 008" 0035 '0035

7 O.ZS 0.1 0. g O.gx 0 g 0

3A 1, 0,1 1.3 0. 0, 0.42
L 0.45 0,1 0,35 0,8" -0.45 -0.45
6 0'2 0.1 0.1 0.8" _0570 -0.70
LA 1.4 0.l 1.3 0.,8" 0.50 0,50
2 0.,45 0.0 0.%5 0. 8" -0.35 "‘0.35
5 0.9 0,1 0. 0,8" 0 0

3 1.2 0.1 1,1 0.8" 0.30 o.42
1 1,0 0.2 0.8 0.8" 0 0.17

The surface tolerance 1s a function of the total deflection of

sny point, less the base deflection at the outboard "W Brace" pick

up pointe., The left side of the reflector deflected more than the
right sidej therefore, the average of corresponding points has been
taken as a true reading.
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Figure I1, Location of Deflection Gauges
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ADDENDUM J
- MOISTURE RESISTANCE TEST

Teat Procedure

(a) Dry at 130° % 5°F for 24 hours.

(b) Conditioned at 77° % 5°F and 40 to 50% relative humidity for
24 hours, .

(c) Pedestal performance measurements were taken as described in
paragraphs 3.3.2.2 and 3.3.2.5 of the Technical Requirements, The
following cycle was performed flve times, Temperature tolerance was
mg%ntained at +5°F, Relative humldity was nmaintained between 90 and
90%.

(d) The temperature started at 86°F and was increased to 1L9°F in
four hours at a rate of not less than 15°F per hour,

(e) The tempersture was maintained at 149°F for eight hours,

(f) The temperature was returned to 86°F in four hours at a rate of
not less than 15°F per hour,

(g) The temperature was maintained at 86°F for 21 hours, Pedestal
performance measurements were tgkeon during this step between the
elighth and 1l2th hours,

(n) The temperature was lowered to 68°F in one hour,

(1) The temperature remained 68°F for four hours.

(1) The temperature was raised to 86°F in one hour,

(Note: The change in temperature from step (1) to step (J) wes not
less than 180°F,)

(k) The temperature was maintained at 86°F for five hours after
which pedgstal performance measurements were made, (Note: End
of cycle,

(1) The pedestal was econditioned for 2 hours at 77° % 5°F and

4o -~ 60% relative humidity after which pedestal performance measure=-
ments were made,

Te:t Results

The data sheet on the followlng page provides the test results
using the procedure above.
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Observed Data

Operating Voltagew=me=aaVy
V2
3

Starting current-amps--I]_
Iz
I3

Time to Attain Speed
Operating Gurrent-amps-ll
3
Power=wattg=e--cenna --:J_
¥
Pedestal Speed-RIM
Thermocouple Readings

‘deg. F) OF

Position Chamber

Outer Casting

Thermostat Well

Inner Casting Lavel #1
Inner Casting Level #2
Rotary Joint-Floating NT.
011 Filter~Top

Heater

0il-0On Dipstick

Gear Mesh 01l Tube

P3e.3

CONDITIONING

STEP (¢
120
120
120

87

87

87
Inste.
640
7«0
6.5
250
230
120

642

80
(]
]
7%

7
(]
[£]

]

FIRST CYCLE

SIEP (g) STEP (k) SIEP () §

126
126
126
86
82
82
Inste
Be2
8e7
8¢7
220
210
170

642

90
88
88
88
88
88

88
88
88

126
126
126

82
82
86

Inst.
8.0
Boly
8ol

200
220
U0

6e2

ERBREEEEE &

HAZELTIN.1

DATA

SECOND C)

126
126
126

B3

83
86

Inst.

8.1
8.l
8.2

200
200
o

642

87
87
87
87
87
87
a7
87
67
87
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DATA SHEET, MOISTUKE RESISTANT TEST
FINAL
I CYCLE SECOND CYCLE THIRD CYCLE FOURTH CYCLE FIFTH CYCLE CONDITIONING
STEP (k) STEP (g) SIEP (k) SIEP (g) STEP (k) STEP (g) STBP (k) SIEP (g) 3JTRP (k)  SIEP. (1)

126 126 126 126 126 126 126 126 126 126
1% 126 126 126 1% 126 126 126 126 126
12 126 126 126 126 126 126 126 126 126

82 83 92 8l 83 92 90 92 92 90

82 83 92 84 83 92 90 92 92 92

86 86 92 8k 83 92 90 92 92 92
Tnste Inst. Insts Inst. Inst. Inst. Inst. Inst. Inste ‘Inst.
8.0 8.1 8.1 8,2 8.3 8.0 8e2 8.2 842 707
8.4 8.4 8.k 9.2 " 942 842 8oL 9.2 9e2 9e2
8.l 8.2 8.2 8.2 8e3 842 8eks 8e 845 846
200 200 200 2,0 240 220 220 200 200 2,0
220 200 220 160 160 200 202 220 202 190
L0 10 o o 10 160 120 120 140 U0
6.2 642 6e2 642 642 6425 642 642 602 642

8 87 86 88 87 100 87 90 88 78

86 87 86 88 85 90 . 85 90 86 78

8 87 86 88 85 90 85 90 8 78

8 87 86 88 8 90 85 90 86 78

8 87 86 88 85 90 85 90 86 78
86 87 86 88 8 90 85 90 86 78
86 87 86 88 85 90 85 90 8 78
84 87 86 a8 85 90 85 90 86 78
86 87 86 88 8s 90 8s 90 86 78
86 87 86 88 85 90 85 90 86 78
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ADDENDUM K
TEMFERATURE TESTS

qut Procedure

(a)

The amblent temperature was set to 77° % 3°F and the relative

humidity set to less than 75 percent, Pedestal performance tests

were taken,

(b)

hours,

(c)

The temperature was raised to 163° * 3°F for a period of four
The relative humidity was uncontrolled.

The temperature was lowered to 153°  3°F and the relative

humidity remained uncontrolled., Pedestal performance tests were
made within 30 minutes of the time these conditiona were met,

(a)

The temperature was lowered to -68° i 3°F for a period of 24

hours with the relative humidity uncontrolled,

form,

The results of the next 48 hours of the test are éiven in log

of time.

# 9300 AM

# 11:50 AM

1n

PRAAMER

12300 FPM
12310 PM
2:00 PM

Table K1 shows temperature readings taken during that interval

October 28, 1958

Heater off, Thermocoupls readings as shown, Attempted
to start motor. Ammeter needle went off scale (100A)
came back to aspproximately 90A for a second or two and
then fuse blew., Replaced fuse and trled to turn pedestal
with hand crank, Found lmmovable, Turned hesgter switeh
on. No heat as avidenced from No. 13 thermocouple raad-
Ing., Check of control box showed voltaege to be present
across ralay., Removed access door and contactor box
door to check voltage to relay and heater continulty,
From this time on (approx., 10;30) the above doors were
left off, Heater trouble was traced to the relay being
atuck and 1t was shorted out,

Heater turmned on.

Turned slightly and with great difficulty by hand crank,
Tried to start end blew fuse.

Pedestal allowed to cool for over an hour, An investi-

gation then indicated that the fuses being used in the
contactor box wers not slow blow fuses. Since none were
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#* 2300 PM available, steel slugs were substituted for the fuses,
(conttd) However l40A slow blow fuses were in series wlth the
line at the power box. It was declded to walt the
full 30 minutes after hsaters were turned on.

* 3:45 PM Tuarned heater on,

# 33155 PM Thermocouple readings taken to see if there was any
appreciable difference over the 12:00 noon filgures
because of the slightly higher inltlal temperatures.
The heeter was than left on for 20 minutes more bafors
attempting to start,

L:15 PM Attempted to start motor by holding start switch 5 to
10 seconds., Ammeter needls went off scale, returned
and held at approximately 90A, No start.

125 PM Seme as L4:15,

L:30 PM Pedestal turned with hand crank, Effort expended
approximaetely 1 -1/2 times that at room tamperature.

L35 PM Same as 415,

4 hshS PM Paedestal sterted to turn very slowly and came up to
speed in a few seconds, Ran for about 2-1/2 minutes
with oil flow indicating normsl snd then shut down.
Tried to s tart again and pedestal came right up to
speed but shut down after about two minutes, Meters
showed momentary peak of 90A and then returmed to
normal running current, Motor cut out traced to -10
‘thermostat,

7200 PM Theipedestal was allowed to coo) down before trylng
again,

* 10305 PM No heat, pedestal started right up, oll flow indicated
normal, and motor was cut out gpproximately two
minutes after start, Indications were that either
the 01l level dropped below the thermostat exposing
it to the cold alr or, with the oil clrculating, cold

oll was being brought into contact with the thermostat,

Another gallon of oll was edded to the pedestal, but
with the =zame results, Left to soak overnlght.
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9:08 AM

9:11 AM
9:4,0 AM

9155 AM
10:10 AM
10:35 AM

10:55 AM

11:15 AM

11:32 AM

12112 PM

a4y PM
2:00 PM

HAZELTINE ELECTRONICS DIVISION

HAZELTINE CORPORATION
Addendum K

October 29, 1958

No heat, pedestal started right up, ran for a couple
of minutes and then was shut off, The motor control
thermostat was shorted out, Pedestal performance
tests were made,

Heater turned on,

Minus 10 thermostat closed., Thermocouple No, 17 read
68°F, Number 12 read -13°F,

Pedestal started, Number 17 read +85°F, Pedestal ‘
stopped after two minutes, Number 17 read 35 to JO°F,

Pedestal started, Number 17 read +91°F, Pedestal
stopped after 3 minutes. Number 17 read +30°F,

Pedestal started, Number 17 read +84°F, Pedestal
stopped after 3-1/l minutes, Number 17 read +30°F,

Hoeater wes shut off for about two minutes, during the
period between this and the last reading. Pedestel
started and ran for 3-1/2 minutes, Number 15 read
-}49°F reached a peak of +55°F and dropped to 30°F
when the motor shut down,

Ran l} minutes, Number 15 started at -LO rose to +40
then dropped to 28 as thermostat opened.

The pedestal was started and allowed to run until it
shut down, Then after a one minute period, it was
started again and allowed to run until it was tripped
by the thermostat. Thls procedure was continued for
J0 minutes with the pedestal being unable to rotate
continuously for any great length of time, At the
s;mettime, thermocouple readings were taken every five
minutes.

The thermostat was shorted and the pedestal allowed
to rotate during the lunch break,

Readlng taken after lunch,

Last reading taken during this perticular run,

Temperature reading tesken before start of test,

Temperature reading taken after start of test.
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(e) The temperature was raised to 77°F % 3°F with relative humidity
less than 75 per cent. Pedestal performance tests were performed
within 30 minutes of the time that these condltions were reached,

Test Results

Teble K2 tebulates the results of the temperature tests from
the procedure above, Malfunctlions found, and solutions provided
are given in pert d of Phase 3 in Section L.
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TABLE K2, TEMPERATURE TEST DATA SHEET

Observed Data

STEP (a) (e) (a) (o)
TIME 10/24/58 12/25/58 10/29/58 10/30/58
2:30pm 8:05am 9:08am 93120am
Operating Voltagee-we-= vy 126 126 115 120
Va 126 126 115 120
| v3 126 126 115 120
'- Starting Current-amps-Iy 90 92 92 86
I, 92 92 92 88
! I3 92 92 92 86
Time to Attaln Speed Inst, Inst, Inst, Inst,
l Operating Current-smps-I; 7.7 8,2 8.5 6.8
Ia 902 9.2 10.0 800
I3 8.6 8.5 8.6 8.0
I Power-watts-=ewecewnnan Wy 240 220 230 220
Wz 190 170 200 200
I Wy 140 120 140 110
Pedestal Speed ~RFM--max, 6.2 6.2 6.2 6.2
I Thermocouple Readlings (deg F)
l Position No,
' Outer Casting 7 78 150 65 77
Thermostat Well 8 78 150 -65 7
Inner Casting #1 9 78 150 w65 77
Inner Casting #2 10 78 150 -65 T7
Rotary Joint-
Floating NT, 11 78 150 -65 77
011 Filter Top 12 78 150 -65 77
Thermostat (0i1) 1 150 -65 77
Heater 13 78 150 -68 77
011-Dip S8tick 15 78 150 =65 77
Gear Mesh 0il Tube 16 78 150 -65 77

,1n
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ADDENDUM L
OVERTURNING MCOMENT, ANTENNA ERECTION

When the reflector is sssembled about its plvot point with its
top on the ground, its center of gravity has a moment am of 72
inches from the pivot point., BSee figure I-1,

Resisting Momasnt:
My = (XR) (W) = (72") (1600%) = 115,200 inch-lbs,
“R = 115.200 inch=1lbs = 9600 ft=1bs,
12
Cable Tension:
(52.5)Fl = MR

Fl = 115.200 1neh-1bs= = 2200 1bs.

52,5 inches

¥hen the reflector is passing thru the "transfer point)' the
load is gradually transferred from the lifting cable to the lowering
cable of the bridle, The overturning moment goes from 9600 foot-lbs,,
thru zero, then graduslly rises to a positive maximum just before
the reflector is erected,

Positive Moment:
Mp = (Xp) (W) = (63") (1600%) = 100,800 inch-lbs,
Mp = 12%52‘-’2 = 84,00 foot-1bs,

Cable Tension:

67 inches
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ERECTION
FRAME

l A PIVOT POINT
OF REFLECTOR
257"
l I
. S
REFLECTOR ¢ 83" T~
l c.6.
" 131.4"
l sl 4. Qe
1600 LBS, 1
l - 72" »
l TOP OF REFLECTOR
GROUND rL : .
i Figure L1, Overturn Moment Diagram
' Page 12
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) ADDENDUM M
TESTS ON GROUND ANCHORS

l. Secrew Type Anchors

The earth anshor selected for the most common soil condi=-
tions (Classes 5 & 6) is A.B. Chance Company's No., 10146, a 10 inch
diameter screw anchor with a 66 inch long shank. Its holding power
is rated at 10,000 pounds and 8,000 pounds for soil classes 5 and 6
regpectively.

The ense with which thls anchor could be set in position
was demonstrated for attending USASRDL personnel at Hazeltine Corp.
Manufacturing facility, Greenlawn, N.Y. The anchor was rotated and
driven into the ground (Class 5 soil) in approximately six minutes.
R:moval was accomplished with greater ease in approximstely four
minutes.

To test its holding power in this soil, the anchor was
driven into the ground and subjected to a pull test, Between the
shank eye of the buried anchor and the cable of an M-35 truck winch,
a dynamometer of 10,000 pound capscity was shackled, With the
winch operating, a 10,000 pound load was slowly applied to the
serew anchor, With the load maintained at 10,000 pounds, the anchor
remained firmly embedded.

2. Arrow Head Anchor

The arrow head anchor 1s recommended for use in soil
Classes 3 and 4., It 1a rated at 11,000 pounds holding power when
used in hardpan, In order to use these anchors, holes must be dug
and the anchors inserted and huried. Elther this, or the screw
anchor previously described, may be used in Class l soil, whichever
is more expedient under fleld conditions, Generally speaking, this
anchor may be used wherever the field oconditions are unfavorable for
the use of the serew type anchor. This type of anchor must be dug
out to remove, whereaa the screw type anchor can be backed out by
turning its rod counter-clockwise,

3. Rook Anchor
The anchor, recommended for Class 1 soll conditions,is

the expanding type manufactured by A.B., Chance Co, The use of this
anchor requires the drilling of & hole 1 7/8" in diameter and one

foot deep Iin the rock. The anchor 1s slid down into the hole in the

rock, and the rod turned clockwise, causing the anchor to expand and
wedge tightly againat the inslde of the hole,
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In thils case 1t would be necessary to include a power
impact tool (electric or pneumatic) and cutting tools to drill the
anchor holes. Since the cutting tool 1s a perishabla tool, a means
of re-sharpening or replacement at the site should be considered.
Operation in rocky terraln will also be limited by the capabllitles
of the supporting vehlcles, and for these reasons is generally not
considered feasible.

L. Operation of the equipment in swamps end marshes (Class 8)

wrs not considered feasible owing to the inability of the supporting
vehicles to negotiate this type of terrain.
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