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Abstract

The Tracking Instrument Mount (TIM], originally devcloped for NASA by the Naval Ordnance
Test Station, China Lake, California, and consisting of a 36 inch Cassegrain telescope
and hydrauli¢ driven, cable wrap mount, has been adapted to meet SAMTEC regquircements

and installed at the Anderson Peak Site in Big Sur, California. The location provides
excellent coverage for westerly missile launches from Vandenberg Air Force Basce,

California. Svystem design considerations during pﬂringnunqc of thisz task include:
site selection and prepartation, mount drive systom refurbishment and modifications:

Lelescope optical component replacement and modifications: and sensor interface
development.. The foundation i the result of a soil study and is designed to provide
vibration isolation and stability. The Rictchey-Chretien Cassegrain confiquration was
golected for minimum field of view errors Lo optimize data from low light level television
for detection and measurement of roentry vehicle deployment. Other features include a
remote controlled 288 through 1440 inch reimaging system, primary mirror pneumatic-
mercury belt support system, remotc contreolled ncutral demsity filter turret, and
Piggyback telescopes. Predicted optical performance values are presented.

Intsoduction

A new precision optical tracking system called the Deployment Mapping Instrument (DMI)
has been added to the SAMTEC inventory (sec Table Ll). The system is based on equipment
obtainced from surplus which was called the Tracking Instrument Mount (TIM). During

the past threc ycars, the DMI has been modificd and improved to meot SAMTEC requirements,
site preparation has been completed and the system installed. Operational tests arc
expacted to be completed in mid 1979. The DMI consists of a 1 moter aperture, £/8 %o

40, Cassegrain primary telescopc and a hydraulic powered, cable driven pedestal. A

low light level television camera or film camera is attached to the telescope for
recording missile events after lifr-off.

The development of this instrument, some of its past uses, our experience with it and
expectod uses for it are discussed.

Background
Ingtrumcne Developmont

To replace existing 10 to 20 inch aperture systems, conceptual design of a new optical
system with a very large aperturce and a flexible highly precise mount was begun in

late 1951 at the Naval Ordnance Test Station (NOTS), China Lake, California. It was
anticipated that the Tracking Instrument Mount [TIM) would combine functions of cinethco-
dolites, high speced mounts and tracking telescopes. The TIM would carry multiple
telescopes with film and televiszion cameras, carry a manual operater, have normal and
plunge capability, carry payloads of 4000 pounds and be able to track at rates up to

60 degrees per second with a maximum acceleration to 3 radians per sccond per second.

During development of the TIM design, four studies were performed. In 1954, Oerlikon
Toel and Arms Corporation of America, Askerville, North Carolina, performed a feasibility
atudy. In 1957, American Machine and Foundry Company, Greenwich, Connecticut, bogan a
theoretical investigation and breadboard test of critical design parameters which was
terminated in 1960 due to funding limitations. Cincinnati Milling Machine Company,
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DMl Modifications and Site Devolopement At SAMTEC

In arder for the DMI to support SAMTEC reguirerents 1t was planned to refurbish the
hydrauvlic systems, replace the primary optical components, add focal lengeh mulsipl
'l =

and maintain performance aof one to two arcseconds. Other changes woere wdentified in
the previous section.

2 ELS

Telescop Modifications

The telescope was shipped ta J.W. Fecker for evaluation of the primary mifror and toest
results showed in excess of three wave nonlinecarity in throe localized points.  The
origirnal manufacturcr had demonstrated better than 1/8 wavelength surface agcuracy.
The distortion was caused by the mirror being stored in a zenith position without
pressure maintained on the supporting bellows.

Poerkin-Elmer Corp., Costa Mesa was contracted to fabricabe new tolescope components, a
new mercury belt primary mircor susponsion system, and assemble and test the telescope.
The surface accuracy specification was L/LD wavelength. A Ricvhey-Chreticen Cassegrain
configuration was required with an effective focal length of 288 inches and reimaging
multipliers of 1X, 2X, 3%, 4% and %X. The aceceptance tests demonstrated resolution
capabilities of 120 lp/mn on the 1¥X focus, 60 lp/mm on the 2X focus, 40 lp/mm on the
I¥ focus, 30 lp/mm on the 4X focus and 24 Ip/mm on the 3X focus.

The cptical path consaists of the 38 inch primary mirrer, a 12 inch secondary hyperbolic
mirrer, a & inch turning flat mirror, a 3 inch turning flat mirror, a turret containing
the % reimaging and magnifying subassemblies, and a final rurning mirror. The primary
mirror, scgondary mirror and first turning flat are made of Cer-vet. The sccond turning
mirror is made of guartz. The reimaging turret uses one field lens instead of five which
makes alignment critical. The final turning mirror aligns the sensor with the elevation
axis., The field stops are get for 1.6 inches diagonal.

Thre 1X reimages “he basic 2BE inch facal length ar 778 with a field view of 12,.5% arc-

inutes for a 25 mm diagonal senmor. The 2X provides 576 inch effeclive focal length at
f7l6 and 6.25 arcminutes. The other amplifiers are proportional up to 5X with 1440 inch
cffective focal length, £/40 and 2.% arcminetes.

Perkin-Elmer removed the bellows radial support sysctem and installed a mercury belt
(Figure 10) which does not require pressurization. The telescope can be stored indefin-
itely at 0° elevation.

The instrument is house in a 20 foot & inch Ash Dome.

Foundation Development

Initially, a foundation design similar te that used at Asconsion Island was planned. Core
borings by Grice Engineering provided results indicative of bedrock below a shaglow dirt
Cover. However, a study by Bolt, Burnek and Newman, Inc. showed that severely fractured
limestone was actually the case and further studies r¢ conducted. During 1975, Earth
Sciences Associates and Bolt, Beranck and Newman, Inc. performed several tests and
developed methods of assuring that reguirements of 1 arcsecond stability could be atrained.

Earth Science Associates used acoustic wave propogratiocn velecities to calculate carth
sciffness very near that of solid reock and assumed that the apparent rock fractures were
very small. BBN obtained two measurements of soil stiffness and damping coefficients using
a solid concrete block and a 10 foot stec! rod excited by a freguency variable actuator.
Coefficients were calculated for soil stiffness and damping to determine resonance of
vertical motion, twisting motion and rocking motion for varicus sources of wvibration

on the planned structure. Results indicated that the 1 arcsecond movement would be
exceeded in pitch under some circumstances. Recommendations included backfill and
careful compacting of the pedestal foundation and addition of 7 epoxy grouted rockbolts
15 fect long at the center and each of 6 sides of the foundation, The rock bolts
should be angled out at 15% from vertieal, pretensioned before the pedestal foundation
was poured and securely fastened to the foundation reinforcement structure. Expected
stability should be well below L arcsecond. 1t was also recommended special care
should be taken te maintain round wheels on the dome rollers and keep the roller track
flat zo minimize vibrations being coupled inte the pedestal.
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