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1. INTRODUC TION

This document reports the work completed under Contract No.
DNAO001-75-C-0040 by Meteorology Research, Inc. (MRI) during the
fiscal years 1975 and 1976.

MRI supported Defense Nuclear Agency (DNA) and Air Force
Cambridge Research Laboratories (AFCRL) in HEART, SAMS, and
FLAME hydrometer sampling programs at Wallops Island, Virginia.
This support consisted of a leased Cessna Citation jet aircraft
specially instrumented and operated by MRI for the testing period.
The instrumentation included a programmed INS lcased from Litton

Aero Products and modified for the HEART sampling missions.

Data analysis consisted of a "Quick-Look" report issued within
72 hours of an operation, preliminary data summaries, and final
mission reports.

An additional scientific task was undertaken at the request of

AFCRL/DNA. This task involved the review of C-130 and Citation

PMS data for the purpose of evaluating the operation of particle size

spectrometers. This work is reported in Report No. DNA 3991F.
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2l LEASE CITATION N511CC

A lease was negotiated with Alpine Ajrcraft Charters, Ines:,

"

Denver. Colorado, guarantecing exclusive use of Cessna Citation
N511CC beginning on 16 November 1974 and terminating on 15 April
1975. An option to extend the leasc was included to allow for the
possible extension of test operations beyond the scheduled termination
date of 31 March 1975. On 26 March 1975, MRI received a TWX
from DNA extending the HEART program to allow missile DW8 to be
launched through suitable weather. The new program cutoff date was

extended to 30 April 1975 and the Citation lecasce was extended accordingly.

Alpine Aircratt Charters, Inc. maintained the aircraft, avionics,
engine, and subsystems and performed all routine maintenance inspec-
tions as per the lease agrecment. Maintenance work performed on

the aircraft was scheduled so as not to impact test operations. and

was supervised by the full-time copilot/crew chief provided under the
aircraft lease agreement.

Insurance coverage was provided by Alpine Aircraft Charters,
Tnc. and the cost included in the lease price of the aircraft. Per the
DNA contract work statement, the following minimum amount= of
insurance was provided:

ale Aircraft Hull Insurance - full coverage

b. Bodily Injury, other than passenger liability - $250, 000

e

(2f Property Damage - $500, 000 per accident

s

s Passenger Liability - $100, 000 per passenger

A copy of the certificate of insurance is included in the Bi-

monthly Report dated 13 January 1975, Supplement No. 1-1 Appendix B.
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The lease provided for unlimited usage of the aircraft during

the period of the agreement. A list of all flights of the Citation is

provided in the Bimonthly Reports, see Supplement No. 1

An MRI program manager maintained close contact with Alpine
Aircraft «’harters. Inc. to ensure all lease provisions were ac-
complished and all necessary maintenance was performed on the air-
craft. All invoices were examined and flight time charges were

verified with any conflicting items being resolved.
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5 CITATION CREW AND AIRCRAFT SUPPORT

A consulting agreement was negotiated with a Citation rated
captain to be available to support all HEART and FLAME operations,
associated meetings, briefings, and alerts throughout the dcployment
period at Wallops Flight Center, Virginia. The Citation captain,
copilot/crew chief, and instrument operator were pe rmanently relocated
to the vicinity of Wallops Flight Center and remained there for the

duration of the program.

The MRI program manager and sensor technician were available

on an as-needed basis. The program manager monitored the following:

a. Activities of the crew.

Jors Status of the Citation aircraft and its instrumentation
package.

(8 Procuring and shipping consummable and crew support

items as they were needed.

d. Arranging the replacement of crew members as the need ;
arose. :
e Closely monitoring the packaging, shipment, and rcceipt
of data,
fe Handling customer's requests for special services i

as the need arose.

All consummable supplies, spare parts, and maintenance kits
3 required to operate the Citation aircraft and its sensor package were
) procured and shipped to Wallops Flight Center and used as needed
by throughout the program. An MRI program manager was in daily contact

wi'h the support crew and any needed supplies or spare parts were

shioped as soon as possible. In this way, the aircraft and every part

{
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of the sensing package was available for program support in a 100 percent

rcady condition almost constantly.

One foil impactor, MRI Model 1220A, and one MRI portable

o

instrument package werc provided for the duration of the program.
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4. DATA ANALYSIS

Three types of reports analyzing the data were submitted for DNA
to AFCRL. A "Quick-Look'" report was issued within 72 hours after an
operation, reviewing the aircraft and sensor performance. A Prelimi-
nary Data Summary was delivered within one week after the operation,
which contained estimates of the ice-water content and homogencity
profiles based upon nominal size-mass tables. The final report discussed
the results of the replicator tape analysis in detail and contained final
sizc-mass tables, number density spectra and ice-water content homo-
geneity profiles. The dates these reports were issued are included in
the following table, Copies of these reports are included as Supplement

No. 2.
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5 LEASE OF LITTON L TN-51 INERTIAL NAVIGATION SYSTEMS

A lecase agreement was negotiated with Litton Aero Products

providing full-time use of two Litton LTN-51 inertial navigational |
systems for the entire length of the contract period. A semi-annual |
(six-month) lease was ncgotiated due to the cost savings compared to a

monthly lease for five months. A copy of the lease agreement is included

in the Bimonthly Report dated 13 January 1975, in Supplement 1-1, Appendix C.

Onc INS was installed in the Cessna Citation research aircraft
and the other in the Navy P-3A located at Jacksonville, Florida. Included
with both LTN-51 systems was a special leased pallet equipped with dual
inverters and designed to adapt the INS installation to aircraft such as
the Citation and P-3A. In accordance with the lease agreement, Litton
Aecro Products supplied emergency batteries designed to fit the pallet
assemblies whichensured continued INS opceration in the event of any

temporary electrical power interruption.

The leases provided for insurance against all risks of loss or
damage from every causc for full replacement value, as well as public

liability including personal injury and property damage.

Field service support by Litton Acro Products was included in the

1 leasc and on | May 1975, the LTN-51 inertial navigation system, including
3 the INU, CDU, MSU, battery, and pallet assembly, was removed from

the Citation aircraft at Cable Airport, Upland, California. The following
& day, 2 May, it was delivered to Litton in Woodland Hills, California.
The INS aboard the Navy P-3A aircraft was removed by Litton field

service personnel on 4 and 5 April 1975 in Denver, Colorado.
Both incrtial navigation systems were in good condition when received
at l.itton's factory and letters to this effect are included in the Bimonthly

Report dated 15 June 1975, Supplement No. 1-4, Appendix B.




An MRI program manager administered the provisions of the lease

agreements, reviewed all invoices, and resolved any conflicting items.
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6. INS NAVIGATION SYSTEM FOR HEART AND FLAME PROGRAMS

For the HEART and FLAME programs, MRI developed special
hardware and software for use with the Litton L'TN-51 navigation systen.
A contract was set up with Litton Acro Products to write special software
which would allow the MRI Citation and P-3A aircrafts to "'storm-follow"
while making their post reentry data sampling runs. When the rcentry
vehicle reached the pierce point, the mission start switch was activated
and the software propagated the coordinate system as the reentry tra-
jectory penetrated the storm. A complete description of the program
and its operation is included in Bimonthly Report MRI 75R-1327 dated

15 April 1975, in Supplement No. 1-3.

MRI also developed a display system which accepts the LTN-51
track angle error (TKE) three wire synchro signal and conditions it to
drive a control transformer display. The c¢lectronics and control
transformer comprises an off-the-shelf unit which has been mechanically
modified to allow an unambiguous steering command to be displayed
in the cockpit.

With the special LTN-51 software, the track error display nced
only be kept at zero by aircraft steering to bring the aircraft to the
desired sampling points. These systems were installed in the MRI

Citation and Navy P-3A aircrafts.

A special electronic interface was designed and fabricated by MRI
which interrogates the LLTN-51 serial data bus and converts it to a
parallel BCD format compatible with the Buffer Memory Systems. The

unit was installed on the MRI Citation and P-3A aircrafts.
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/53 INSTALLATION OF SAl HOLOGRAPHIC CAMERA

On 24 June 1974, the MRI Citation was issued approval by the
Federal Aviation District Office at Teterboro, New Jersey, for the
installation of the SAI Holographic camera. This installation included
an rastrument table inside the aircraft for the cooler, the power supply,
and the control electronics. The ruby laser and 70 mm film magazine
were bracketed off the interior aircraft structure and a special
aluninum plate window was fabricated to accept the transmitting and

receiving probes.

A complete set of FAA documents for this installation as well as
the ¢ngineering documentation and drawings is prescented in MRI
Bimonthly Report MRI 75R-1327, a copy of which is included in
Supplement No. 1-3.
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SUPPLEMENT 1-1

Research Aircraft Support for
HEART, SAMS, and FLAME at Wallops Island

1 October 1974 - 15 November 1974

by
Stefan Steinberg

First issued as Bimonthly Report No. 1, 13 January 1975
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1. INTRODUCTION

This document reports on the progress made under Contract

DNAOO01-75-C-0040. The report covers the period from 1 October 1974

o

through 30 November 1974.

MRI is supporting DNA and AFCRL ir HEART, SAMS and FLAME
hydrometeor sampling programs at Wallops Island, Virginia. Part of

this support is an MRI instrumented and operated Cessna Citation sampling
aircraft leased for the five month test period 16 November 1974 through
15 April 1975. The instrumentation includes 2n INS leased from Litton Aero

Products and modified specifically for HEART sampling missions.

This report discusses the progress of the Citation lease, the INS
lease, Citation flight time and flight crew transporation, accomodations

and coordination activities.

2. PROGRESS IN PRINCIPAL TASK AREAS

2el Lease Citation N511CC

2.1.1 Lease Agreement

A lease was negotiated with Alpine Aircraft Charters, Inc.,

Denver, Colorado, guaranteeing exclusive use of Cessna Citation N511CC

beginning on 16 November 1974 and terminating on 15 April 1975. An

option to extend the lease was included to allow for the possible extension

of test operations beyond the presently scheduled termination date of

31 March 1975.

A copy of the lease agreement is included in Appendix A.

! 2.1.2 Maintenance and Repair of Aircraft Systems

The lease agreement specifies that Alpine Aircraft Charters, Inc.

will maintain the aircraft,avionics, engines, and subsystems and perform all
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routine maintenance inspections. Maintenance work done on the aircraft

will be scheduled so as not to impact test operations.

2.1.3 Copilot/Crew Chief Support

In accordance with the lease agreement, Alpine Aircraft Charters,

Inc. will provide a tull-time copilot/crew chief to support all operations

during the lease period. i
2.4 Insurance Coverage
Insurance coverage is to be provided by Alpine Aircraft Charters, i

Inc. and the cost included in the lease price of the aircraft. The insurance

coverage will be in the following amounts.

a. Aircraft Hull Insurance - full coverage

b. Bodily Injury, other than passenger liability - $250, 000
Cl Property Damage - $500, 000 per accident
d. Passenger lLiability - $100, 000 per passenger

The certificate of insurance is included in Appendix B.

2 a5 Aircraft Flying Time

The lease provides for unlimited usage of the aircraft during

the period of the agreement.

2.2 Secure Approval of Lease

Lease nogotiations for securing both the aircraft and copilot/
crew chief began October 1,1974 and were concluded before 16 November 1974,
Since this predated the contract award, no formal approval of the lease by DNA
was possible. However, all conditions were in accordance with pre-contract

discussions.

2.3 oordination of Field Operations

The MRI program manager is maintaining closc contact with DNA
and other government agencies to assure full co-ordination of all aircraft

operl ations.

1-1.4
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2.4 Administer Citarion Lease

The MRI program manager is maintaining close contact with
Alpine Aircraft Charters, Inc. to assure all lease provisions are being
accomplished and all necessary maintenance is performed on the aircraft,
Invoices are examined and flight time charges are verified with any

conflicting items being resolved.

295 Lease Litton LTN-51 Inertial Navigation System

2.5.1 Lease Agreement

The lease agreement negotiated with Litton Aero Products
provides full-time use of a Littion LTN-51 inertial navigation system for
the entire length of the contract period. A semi-annual (6 month), lease
was negotiated due to the cost savings compared to a five month period on

a monthly cost basis.

2:5.2 Pallet Assembly

A special pallet assembly equipped with dual inverters and
designed to adopt the Litton LTN-51 installation to aircraft such as the

Citation, is included in the lease and has been installed in the Citation.

245:3 Emergency Battery

In accordance with the lease agreement Litton Aero Products has
supplied an emergency battery designed to fit the pallet assen bly which
assures continued INS operation in the event of any temporary electrical

power interruption.
2.5.4 Insurance

The lease provides for insurance against all risks or loss or
damage from every cause for full replacement value as well as public

liability including personal injury and property damage.

TN e A BRI B RN 7.
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2.5:5 Installation and Removal

In accordance with the lease, Litton Aero Products is providing

"

field service support for the complete installation, checkout and removal

of the INS from the Cessna Citation Aircraft.

2.6 Administer INS Lease

An MRI program manager is administrating the provisions of the

lease agreement, reviewing all invoices and resolving any conflicting items.

2. Flight Crew Transportation and Accommodations

Accommadations have been secured in the vacinity of Wallops

Island for the Citation captain, copilot/crew chief, and instrument

operator.

3. SUMMARY OF CITATION FLIGHTS
1 November 9.0 Ferry aircraft from Cessna
maintenace facility in Des
Moines to Los Angeles
1
0.4 Flight check

4 November
Total time 9.4 Hours

ACTIVITIES DURING THE NEXT REPORTING PERIOD

During the period from 16 November 1974 through 15 January 1975

the INS will be flight tested and the aircraft ferried to Wallops Flight

Center. The crew will arrive on January 6,1,75 and be available at the

request of the program director for support flights.

1-1.6
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AIRCRAFT LEASE

This agrcement made this 15th day of October 1974 by and between Alpine

o

Aircraft Charters, Inc., 6200 Platcau Drive, Inglewood, Colorado, 80110

hereinafter referred to as "Lessor' and Meteorolopy Research, Inc. here-
inafter referred to as “"Lessce,'" is made with reference to the following
facts, circumstances, and conditions:

A. Alpine Aivcraft Charters, Inc. has available for lease Cessna Citation,

Registration No. N511CC equipped as described in Iixhibit A, attached
hercto, and as so equipped being hereinafter referred to as 'the aircraft'.
During the term of this lease the aircraft will be operated in Restricted
Category due to modifications for cloud particle sampling. All modifications
for Lessce's equipment will be made at Lessee's expense.
B. Lessee desires to lease the aircraft for use in cirrus cloud characteri-
zation studies, and the Lessor is willing to lease the aircraft to the Lessce
upon the terms and conditions hereinafter set forth:

T

1. The Lessor dues hereby lease the aircraft to the Lessee for a

period of five (5) months, commencing on the day of delivery of the aircraft

at Stapleton International Airport, Denver, Colorado or at its then current

location, at the option of the Lessee, on 16 Novermber 1974 and terminating on

15 April 1975 with option to extend with reasonable notice to Lessor. The
hourly rate and terms for this extension will be negotiated prior to 1 April 1975,

Leasc of the aircraft to be computed at $15000. per 1ionth plus $400. per

flying hour. This rate covers one crew member (co-pilot/maintenance officer)

Lessor's cost for fuel, maintcnance and insurance. The rate without fuel will

be $350. 00 per hour. Reasonable and proper travel expenses of the Co-Pilot/

Maintenance Officer will be paid by Lesscc while he is engaged in flight activ-
ities for Lessee more than 100 miles from Denver, Colorado. Payment for
meals and lodging will not exceed $25 per day.

3 2s Leasc payments will be due in the amount of $15, 000. on the first

& day of the month covered by the payment. The number of flying hours flown

in each calendar month will be determined by the Lessce. Payment for these
flying hours will be due from the Lessee 30 days after receipt of invoice.
3. The aircraft will be delivered by the Lessor and acccpted by

the l.easee on or about 16 Novemher 1974,

Al1-1.2
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The Lessee shall be permitted (o inspect the aircraft prior to acceptance
to note any deficiencies of condition or equipment. Prior to acceptance,
the Lessor shall correct or maxe mutually acceptable arrangements
concerning any deficiencies so noted.

4. The aircraft will be returned to the Lessor by the Lessec at

Lessce's own expense to Stapleton Internaticnal Airport, Denver, Colorado

upon termination of this lease in the same condition as received, reasonable
wear and tear excepted. ’

5. The Lessec, after delivery of szid aircraft to him and acceptance
by him, shall have exclusive use thereof and said Lessee agrees that he
has inspected said aircraft will all equipment thereon as listed in Exhibit
A attached hereto, and the aircraft is suitable for the purpose for which it
is intended. After the delivery of said aircraft and Lessee's acceptance
thereof, the Lessee shall be responsible to the Lessor that said aircraft is
kepi in {irst class airwocthy condition, and said Lessce undertakes and
agrees that said aircraft will not be flown at any time unless it is airworthy
and in first class condition.

6. The Lessor, during the term of this lease, shall have the right
to make inspections of the aircraft for the purpose of determining the
number of hours the aircraft has been ‘lewn during any given calendar month,
or for the purpose of determining wheather or not the Lessce is complying
with the covenants made by the Lessee herein. Such inspections of the
aircraft by the Lessor shall be at the Lessor's own expense. Hours of use
of the aircraft for the purpose of this lease shall be logged by the recording
Hobbs Meter.

7. During the term of this lease, the Lessee shall pay the following

operating and maintenance expenses: NONE

The Lessor shall pay all other maintenance expenses and repairs, including
50-and 100-hour inspections, which shall be performed or contracted by

Al-1.3
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Lessor at Patrick Henry Aiport, Ncecwport News, Virginia, or at a Fixed

Base so as not to impact Lessee's operational missions.

Thosc repairs or replacements required for normal operation of the
aircraft shall be first approved by the Lessor or his agent if the cost of

repair or replacement cxceeds $500, 00,

8. During the term of the Lease, the Lessor shall be liable for
any loss or damage to the aircraft, or the death or injury pers ns and/or
damage to any property caused by the operation of the aircraft. Lessor
shall obtain insurance as follows:

a. Aircraft Hull Insurance - Certificated indicating coverage
by Lessor.

b. Bodily injury other than passenger liability - $250, 000
per person; $500, 00 per accident,

c. Property damage - $500, 00 per accident.

d. Passenger liability - $100, 000 per passenger with an
aggregate equal to the total nuinber ol seats or passengers, whichever is
greater.

g The Lessee may not assign this lease or any rights thereunder
withour prior written consent of Lessor.,

10. In addition to the forgoing covenants made by ana agreced to be
kept by the Lesse, the Lessee does hereby covenant and agree:

a. To keep safely and use carefully the aircraft and not to
scll or attempt to sell or assign or dispose of the aircraft or any interest
therein, or part thereof, or equipment necessary thereto, or incur any
mechanic or other lien in connection with repair or maintenance or storage
of the aircraft, or rent the same, without the prior written consent of the .
Lessor.

b. During the term of this lease and until the redelivery of
the aircraft to the Lessor, to abide by and conform to and cause others to
abide by and conform to all laws, ordinances, orders, rules, and regulations,

national, statc, municipal or otherwise, now existing or herecafter enancted,

Al-1.4
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controlling or in any way affecting the operations, use or occupancy of the
aircraft or the use of any aiport premises by the aircraft.

: C. Not to permit the aircraft to be operated at any time by
a person without a pilot's license or by a person with less qualifications
than those required by applicable insurance policies covering this aircraft.

11. This lease shall terminate should the Lessee or Lessor be in
default of any of the provisions of the lease, and should said Lessee or
Lessor fail to remedy such default within thirty (30) days after receipt of
notice from the other party to remedy such default. This termination of
the lease by reason of default on the part of either party shall be in addition
to any other remedies legally available to the parties in question.

12, Any consent or notice required or permitted to be given by this

lease shall, in the case of consent or notice by Lessor, be signed by an
appropriate officer of Lessor's agent and sent by mail to Lessee at

Meteorology Research, Inc., 464 West Woodbury Road, Altadena, California

91001, or to such other address as the Lessee may from time to time

designate in writing to Lessor for the purpose, and in the case of consent

or notice by Lessee shall be sent by mail to Alpine Aircraft Charters, Inc.,

Box 7191, Denver, Colorado 80207 or to such other address as the Lessor

may from time to time designate in writing to the Lessee for the purpose.

IN WITNESS WHEREOF, the parties hereto have hereunto set their
hands and seals the day and year first above written.

Alpine Aircraft Charters, Inc.
6200 Plateau Drive
Englewood, Colorado 80110

By

J.J. Hernandez, Exec. V.P.
METEOROLOGY RESEARCH, INC.

By

R.D. Wiggins
Vice Pres. Adm. & Finance
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AIRCRAFT EQUIPMENT

1. All equipment provided as "'standard" in the Cessna Citation Series

500 when dclivered from the factory is to be included and in operating

condition.

2. The instrumentation and avionics will be sufficient to permit
operation to CAT IL. instrument limits.

3e The cabin interior will be in the passenger configuration except

only the two left rear passenger seats will be installed.
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CERTIFICATE C'F INSURANCE

Date July 11, 19 74

THIS IS TO CERTIFY that the Insured set fort  ielow is at this date insured with the Companylies)
as indicated under Policy(ies) described in the fol!_.iny schedule.
DESCRIPTIVE SCHEDULE

Alpine Aircraft « narters, Inc., et al
6200 Plateau Dr. e, Englewood, Colorado 80110
Western Hemispiiere - excluding North Slope # %%

Insured
Address of Insured:
Locations Covered:

Aircraft: N511CC

=

Limits of Liabilicy

T —
! Company | Policy No. | Expiration Dace L

— S TR Sl Cali RTINS, [ R S
Aircraft Liability | | ) .
| { ach Person S
Bodily Injury Argona'ut ! H-4-1244 ! 4/ 18/75 £ach Occurrence 2
Property Damage Insarance { fach Occumence $
Com an ' Each Person S
. pany i Each Occurrence $
Single Limit incl. Possenger | Each Occurrence §$ 5,000,000,
Single Limitexc!. Possenger Each Occurrence $
Airport Liabilit
e i tach Person S
Bodily Injury Each Occurrence ¢
Property Camage fach Accident  §
Single Limit . l Each Accicent 3
{7 Hull - Ground only Argonaut | Amount of Insuronce
X Hull-Ground & Flight | Insurance Co, |H=~4.1244 |[4/18/75 $680, 00000
Workmen's Statutory
Compensation

Meteorology Research **
464 West Woodbury Road
Altadena, California

This certificate is issued at the request of

whose address is
30
Whom we agree, ki to notify Ean days before dute of Cascellatio 1] policy should be cancelic ¢/
Company (ies) shall not be liable in any way for failure to give such »onice.
This ceruificate of insurance nesther affirmacively nor negatsvely amer i1 tlters v exten
e Hn4nl244  issuedby  Argonaut Insu ¢z Cornpany
ADDITIONAL AGREEMENTS
*Includes $50,000. Cargo Legal Liability and $5,000,/$40,000, Bagga;:
Liability,
*tMeteorology Research is added as an X) Southern Marine & /viation Underw ite:
additional insured under the above policy{] Southern Murine & Aviation, tnc
*%%¥Includes one round trip to Kwajalein Aicll
via Alaska and the Aleutian Islands with

he corverage ¢

Aviauon Managers

atmospheric research in the Wake Islands {\.) () \;’ )
|area of the Pacific with the contract to By AN NS N

Authorized Representative
{|end or or about November 15, 1974.

Form 502° V71
Bl-1.2
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APPENDIX C

LITTON AERO PRODUCTS
EQUIPMENT LEASE AGREEMENT

Cl-1.1




~.

b P

“
TE AR

EQUIPMENT LEASE AGREEMENT

LEASE Qatced as of the 19%th  day of October . 1973
by and between Acero Products Division of Litton Systems, Inc.,
a corperation organized under the laws of the State of Delaware
(hereinafter called "Lessor") having a place of business at
21050 Burbank Boulevard, Woodland Hills, California 91364 and

Meterology Research Tnc. (hereinafter

called "Lessee"), having a place of business at _464 West
Woodbury Road, Altadena, California 91001

(Street Address, City and State)

WITNESSETH.:

For and in consideration of the mutual covenants and promises
hereinafter sct forth, the parties hereto agrece as follows:

1. LEASE: Lessor hereby leases to Lessee and Lessee lcases
from Lessor the equipment described in the Equipment Schedule
attached hercto and made a part hereof, subject to the terms and
conditions set forth in said Schedule or Schedules and also set
forth herein.

2. TERM: The term of this Lease with respect to any item of
leased Equipment shall be as set forth in the Equipment Schedule
or Schcdulcgu

3. EQUIPMENT AND RENT: The Equipment leased hereunder, the
rent payable, the time, place and manner of payment, shall be as
specified in the Equipment Schedule or Schedules attached hecreto
and made a part hereof.

‘4, DELIVERY OF EQUIPMENT: The Equipment is to be shipped to
Lessee at the place and time specified in the attached Equipment
Schedule or Schedules.

5. INSPECTION BY LESSEE: Lessor shall not be liable for loss
or damage occasioned by any causc, circumstance or event of whatso-
ever nature, including but not limited to failure of or delay in
delivery, delivery to the wrong place, delivery of improper Equip-
ment or property other than Equipment, damage to Equipment, govexrn-

mental regulations, strike, embargo or any other cause, circumstanc:

or event, whether of like or unlike nature. Lessec shall inspect
Equipment within forty-eight (48) hours after its arrival at the
address set forth in Eguipment Schedule. Unless within said forty-
eight (43) hours Lessee gives written notice to Lessor, specifying
any defect in or other proper objection to Equipment, Lessce agrees

that it shall be conclusively presumed, as between Lessor and Lessee,

6/9/71 !
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that Lessec has fully inspected Equipment, that Equipment is in
full compliance with the terms of this Lease and in good condition
and repair, and that Lessee is satisfied with and has accepted
Equipment.

6. USE AND MAINTENANCE; ALTERATIONS AND ADDITIONS: Lessee
chall use Equipment solely in the conduct of its business, and in
a careful and proper manner, and shall not part with possession of
or enter into any sub-l2ase with respect to Equipment or any part
thereof or assign this Lease or its interest hereunder without the
prior written consent of Lessor. Lec<see shall not make any material
alterations to Equipment without the prior writtcen consent of Lessor.
Unless otherwise agreed to in writing by the parties hereto, Lessce,
at its own expense, will install the leased Equipment in the place
or places stipulated herein and will also pay directly the charges
for the packing, crating, freight, expense or cartage for each unit
of Equipment leased hereunder and will reimburse the Lessor forth-
with on written notice, if the Lessor is charged for the same and
does pay the same.

7. LIABILITY OF LESSOR Lessor shall not be liable for any
consequential, incidental, or special damage of any kind (including
therein, but not by way of limitation, damages for any loss of or
use of profit by Lessee or other, or for any other similar or
dissimilar collateral or consequential damages), which may result
from or in connection with the manufacture, delivery, installation,
checkout or use of the items leased hereunder, or from or in
connection with the services rendered by Lessor hereunder.

8. INDEMNITY: Lessee shall indemnify Lessor against and hold
Lessor harmless from any and all claims, actions, suits, proceed-
ings, costs, expenses, damages and liabilities, including attorneys'
fees, claimed by any person, organization, association or otherwise,
arising out of, connected with, or resulting from the Equipment,
including without limitation, the design, manufacture, selection,
delivery, possession, use, operation and/or return of the Equipment.

*9, INSURANCE: Lessee shall keep Equipment insured against all
risks or loss or damage from every cause whatsoever for not less than
the full replacement value (new) thereof and shall carry public
liability insurance, both personal injury and property damage,
covering Equipment. All said insurance shall be in form and amount
and with companies satisfactory to Lessor. All insurance for loss
or damage shall provide that losses, if any, shall be payable to

*This clause does not apply. Insurance of leased equipment will
be born by Lessor. Cost of insurance is $500 per month and is shown
as a separate item.
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Lessor, and all such liability insurance shall be in the joint names

of Lessor and Lessee. Lessee shall pay the premiums therefor and
deliver to Lessor the policies of insurance or duplicates thereof,
or other evidence satisfactory to Lessor cf such insurance coverage.
In case of the failurc of Lessee¢ to procure or maintain said insur-

ance or to comply with any other provision of this Lcase, Lessor
shall have the right, but shall not be obligated, to effect such
insurance or cocmpliance on behalf of Lessce. In that event, all
moneys spent by and expenses of Lessor in effecting such insurance
or compliance shall be deemed to be additional rent, and shall be
paid by Lessce to Lessor with the next monthly payment of rent.

o

10. COMPLIANCE WITH LAWS: PAYMENT OF TAXES: Lessee shall keep
the Equipment free and clear of all levies, liens and encumbrances
and shall pay all license fees, registration fees, assessments,
charges, permit fees and taxes (municipal, state and federal) which
may now or hereafter be imposed upon the ownership, leasing, rent-
ing, possession, sale or use of the Equipment, excluding however,
all taxes on or measured by Lescsor's income. Lessee shall comply
with all laws and regulations relating to the ownership, possession,
leasing, renting, operation, control, use, maintenance, delivecry
and/or return of the Equipment and shall save Lessor harmless against
actual or asserted violations and pay all costs and expences of every
.character in connection therewith or arising therefrom. The prices
specified in the attached Equipment Schedule are quoted F.O0.B.
Woodland Hills, California, exclusive of all taxes and other levies
by goverrnmental authority. If Lessor is required to pay any such
taxes, fees, excises and/or charges, Lesseec shall promptly reimburse
Lessor upon rcceipt of Lessor's invoice therefor.

11. TITLE OF LESSOR: Title to Equipment shall at all times
remain in Lessor, and Lessee at its own cost and expense, shall
protect and defend the title of Lessor. Lessee shall at all times
keep Equipment free and clear from all levies, attachments, liens,
encumbrances and charges or other judicial process of every kind
whatsoecver, shall give Lessor immediate written notice thereof and
shall indemnify and save Lessor harmless from any loss or damages

caused thereby.

12. INSPECTION: If Equipment is removed from the aircraft in
which it is installed, Lessee shall advise Lessor of its exact loca-
tion. Lessor shall have the right from time to time to entecr upon
the Lessee's premises or elsewhcre for the purposc of inspection.

If the Equipment is in the opinion of Lessor being used beyond its
capacity or in any manner improperly carcd for or abused, Lessor has
the right to remove said Equipment forthwith.

& 13. DEFAULT: REMEDIES: If (a) Lessce refuses to accept deliv-
’ ery of the Equipment or reneges on his agreement to lease, or (b)
Lessee shall default in the payment of any rent or in making any

M A
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other payment hereunder when due, or (c) Lessee shall default in
the payment when due of any indebtedness of Lecsece to Lessor
arising indcpendently of this Lease, or (d) Lessce shall default

in the performance of any other covenant herein and such default
shall continue for five (5) days after written notice thereof to
Lcssee by Lessor, or (e) Lessce beccmes i1incolvent or makes an
assignment for the benefit of creditors, ¢r (f) Lessee applies for
or consents to the appointment of a receivcr, trustee or liquidator
of lessee or of all or a substantial part of the assets of Lessee,
or if such receiver, trustee or liquidatcr is appointed without the
application or conscnt of Lessee, or (g) a petition is filed by or
against Lessee under the Bankruptcy Act or any amendment thereto
(including, without limitation, a petition for rcorganization,
arrangement or extension) or under any other insclvency law ox law
providing for the relief of debtors, then, if and to the extent
permitted by applicable law, Lessor shall have the right to exercise
any one or more of the following remedies: (A) to declare the
entire amount of unpaid total rent for the balance of the term of
this Lease due and payable, whereupon the same shall become imme-
diately due and payable:; (B) without demand or legal process, to
enter into premises where Equipment may be found and take possession
of and remove the same, whereupon all rights of Lessce in Equipment
shall terminate absolutely, and retain Equipment and all prior
payments of rent made hereunder, it being agrecd that the amcunts
to be retained by Lessor under this sub-section (B) shall not be as
a penalty but as liquidated damages for thc brcach hereof and as
reasonable return Lor the use of Equipment and for the deprociaticn
thereof; (C) to recover the balance of all amounts due hereunder;
(D) to pursue any other remedy available to Lessor at law or in
equity. The remedies provided under (B) and (C) may be exercised
only in the alternative. This Lease is irrevocable for the full
term thereof as set forth in the Equipment Schedule and for the
aggregate rentals therein reserved and the rent shall not abate by
reason of termination of Lessee's right of possession and/or the
taking of possession by the Lessor or for any other reason.

14. NO WAIVER: No failure 6n the part of the Lessor to exer-
cise, and no delay in exercising any right or remedy hereunder shall
operate as a waiver thereof; nor shall any single or partial exer-
cise by Lessor of any right or remedy hercunder preclude any other
ox further exercise thcreof.

15. POSSESSION AND USE: Lessor covenants to and with Lessee
that Lessor is the lawful owner of Equipment, free from all liens
and encumbrances, and that, upon Lessec's paying the rents and
performing the promises, terms and conditions hereof, Lessce shall
peaceably and quietly hold, possess and use Equipment during the
term of this Lease without hindrance.,
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16. INTEREST AND EXPENSES: Should Lessee fail to pay duly
and promptly any part of the rent herein reserved or any other sum
required to be paid by Lessee to Lessor hereunder, Lessee shall
pay Lessor interest on cuch delinquent payment at the rate of
1-1/2% or the highest legal rate of interest permitted by law,
whichever is lower, per month on the unpaid balance from the date
when such payment was due until paid and expcnses of collection,
including reasonablc attorney's fees.

17. NOTICES: All notices relating hereto shall be in writing
and shall be deemed properly delivered when duly mailed by first-
class mail, postage prepaid, or delivered by hand to the other
party, at its address as follows, or to such other address as
either party may by written notice designate to the other.

(a) As to Lessor: Litton Systems, Inc.
Aexro Products Division
21050 Burbank Boulevard
Woodland Hills, Calif. 91364

Attention: Contracts Manager

(b) As to Lessee: Meterolégy Research, Inc.

464 West Woodbury Road

Altadena, California 91001

Attn: Bob Wiggins, V.P.

18. NO WARRANTIES; ENTIRE AGREEMENT: Lessee agrees that
Lessor has made no representation or warranty of any kind, nature
or description, express or implied, with respect to Equipment.
This Lease and the Schedule or Schedules attached hereto contain
the entirc agreement between the parties, and Lessor is not bound
by any representation or inducements not specifically set forth
herecin and in the Schedule or Schedules, and may not be changed,
modified, terminated or dischargced except in writing.

19. ASSIGNMENT: This Leasc Agreement may not be assigned by
either party without the written consent of the other party except
to a successor corporation by merger or consolidation of either
party, or to any corporation acquiring substantially all of the
property, assets and business or either party by sale, lease or
other disposition, or to any corporation controlling, controlled
by, or under common control with either party.

20. GOVERNING LAW: This agreement and the performance here-
under shall be governed by the laws of the State of California.

C1-1.7
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21. HOLDING OVER: 1In the event of any holding over after the
expiration of this Lease Agreement, the same shall be construed to
be a month-to-menth or period-to-period basis at the same rental
as herein described and subject to all the terms of this Agreement,
including the right of Lessor to terminate the Lease at any time
during such period of holding over.

22. REDELIVERY: Upon surrender or termination of this Lease
Agreement as herein provided, Lessee shall return the Equipment to
the Lessor in good repair, condition, and working order, ordinary
wear and tear resulting from proper use thereof alone excepted.

23. TITLES: The titles to the paragraphs of this Lease are
solely for tlie convenience of the parties and shall in no way be
held to explain, modify, amplify or aid in the interpretation of
the provisions hereof.

24. LEASE AGREEMENT SCHEDULES: The following Schedules are
incorporated into and made a part of this Lease Agreement:

Schedule Title
A Equipment Schedule and

Delivery Schedule

LT lease prices as shown on
Proposal to DNA for INS Lease

IN WITNESS WHEREOF, Lessor and Lessee have caused this Lease to
be executed by their duly authorized representatives as of the day
and year first above written.

Lessor: Lessee:

LITTQN SYSTEMS, INC,

Aexo Produgis Plivision Meteorology Research, Inc.
{ ! Q /%Q/
By SLAA By =
R. A. Shyder A. P. Helfer
Title Manager of Cpntracts Title _President
19 October 197
Date g Date _25 Qctober 1973
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SUPPLEMENT 1-2

Research Aircraft Support for
HEART, SAMS, and FLAME at Wallops Island

16 November 1974 - 31 January 1975

by
Stefan Steinberg

First issued as Bimonthly Report No. 2, 15 February 1975
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1. INTRODUC TION .

This document reports on the progress made under Contract

DNA 001-75-C-0040. The report covers the period from 16 November 1974

through 31 January 1974,

o

MRI is supporting DNA and AFCRL in HEART, SAMS, and FLAME
hydrometeor sampling programs at Wallops Island, Virginia. Part of
this support is an MRI instrumented and operatcd Cessna Citation sampling
aircraft leased for the five month test period 16 November 1974 through
15 April 1975, The instrumentation includes an INS leased from Litton Aero

Products and modified specifically for HEART sampling missions.

This report discusses the progress of the Citation lease, the INS

lease, Citation flight time and flight crew transportation, accommodations

and coordination activities.

2 PROGRESS IN PRINCIPAL TASK AREAS
2.1 Lease Citation N511CC
2oLl Lease Agreement |

A lease was negotiated with Alpine Aircraft Charters, Inc.,

Denver, Colorado, guaranteeing exclusive use of Cessna Citation N5.1CC

beginning on 16 November 1974 and terminating on 15 April 1975, n
option to extend the lease was included to allow for the possible extension

of test operations beyond the presently scheduled termination date of

—

31 March 1975,

Zelol Maintenance and Repair of Aircraft Systems

WY PPN R T

Alpine Aircraft Charters, Inc., is maintaining the aircraft, avionics,
engines, and subsystems and performing all routine maintenance inspections

as per the lease agreement, Maintenance work performed on the aircraft is

being scheduled so as not to impact test operations.
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2.1.3 Copilot/Crew Chief Support

In accordance with the lease agreement, Alpine Aircraft Charters,

Inc., is providing a full-time copilot/crew chief to support all operations

h

" |
during the lease period.

2.1.4 Insurance Coverage

Insurance coverage is being provided by Alpine Aircraft Charters,
Inc., and the cost included in the lease price of the aircraft. The insurance

| coverage is in the following amounts:

a. Aircraft Hull Insurance - full coverage

b. Bodily Injury, other than passenger liability - $250 000
c. Property Damage - $500, 000 per accident

d. Passenger Liability - $100, 000 per passenger

The certificate of insurance was included in the previous report.

2. k.5 Aircraft Flying Time

The lease provides for unlimited usage of the aircraft during the

period of the agreement.

Zo 2 Coordination of Field Operations

The MRI program manager is maintaining close contact with DNA

and other government agencies to assure full co-ordination of all aircraft

operations,

o Administer Citation Lease

The MRI program manager is maintaining close contact with Alpine
Aircraft Charters, Inc., to assure all lease provisions are being accomplished
and all necessary maintenance is performed on the aircraft. Invoices are
examined and flight time charges are verified with any conflicting items being

resolved
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2.4 Lease Litton LTN-51 Inertial Navigation System

2.4.1 lL.ease Agreement

The lease agreerment negotiated with Litton Aero Products
provides full-time use of a Litton LTN-51 inertial navigation system for
the entire length of the contract period. A serni-annual (6 month), lease
was negotiated due to the cost savings compareaed to a five month period on
a monthly cost basis. A copy of the lease was included in the previous

report.

2.4.2 Pallet Assembly

A special pallet assembly equipped with dual inverters and designed
to adopt the Litton LTN-51 installation to aircraft such as the Citation, is

included in the lease and has been installed in the Citation.

2.4.3 Emergency Battery

In accordance with the lease agreement Litton Aero Products has
supplied an emergency battery designed to fit the pallet assembly which
assures continued INS operation in the event of any temporary electrical

power interruption.
2.4.4 Insurance

The lease provides for insurance against all risks or loss or damage
from every cause for full replacement value as well as public liability includ-

ing personal injury and property damage.

2.4.5 Installation and Removal

In accordance with the lease, Litton Aero Products is providing field

service support for the complete installation, checkout and removal of the

INS from the Cessna Citation Aircraft.
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245 Administer INS Lease

An MRI program manager is administrating the provisions of the

lease agreement, reviewing all invoices and resolving any conflicting items.

2.6 Flight Crew Transportation and Accomodations

Accomodations have been secured in the vicinity of Wallo; sland

for the Citation captain, copilot/crew chief, and instrument operator.

i SUMMARY OF CITATION FLIGHTS

19 November

17 December

8 January
20 January
28 January
30 January
31 January

Total Flight Time

(15N

0.

(o)
o

17.

NI\)O‘U'IN

8

NN 0 o

8

INS Test Flight

Ferry Aircraft to Wallops
Island from Denver

SAMS Mission

HEART Mission
Instrument Test Flight
Practice FLAME Mission
FLAME Mission

ACTIVITIES DURING THE NEXT REPORTING PERIOD

During the period from 1 February 1975 through 31 March 777,

the Citation aircraft and its crew will be available for research flights at

Wallops Flight Center, Virginia.
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Research Aircraft Support for
HEART, SAMS, and FLAME at Wallops Island

1 February 1975 - 31 March 1975
by
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l. INTRODUCTION

— e+This document reports on the progress made under Contract
DNA 001-75-C-0040 and modification P00001 for the period from

| February 1975 through 31 March 1975.

MRI is supporting DNA and AFCRL in HEART, SAMS, and
FLAME hydrometeor sampling programs at Wallops Island, Virginia.
Part of this support is an MRI instrumented and operated Cessna
Citation sampling aircraft leased for the six-month test period
16 November 1974 through 15 May 1975. The instrumentation includes
an INS leased from Litton Aero Products and modified specifically for
HEART sampling missions. MRI is also responsible for leasing and
modifying the INS used in the P-3A support aircraft based at Jackson-
ville, Florida.

This report discusses the progress of the Citation lease, the

INS lease and modification, Citation flight times, flight crew recruiting,

transportation, accommodations, and coordination activities.

2. CONTRACT CHANGE OF SCOPE

On March 10, 1975, a letter establishing the additional tasks to
be performed by MRI was sent to the Defense Nuclear Agency. These
tasks included:

(1) Design, fabricate, and test an electronic interface

between the INS and Buffer Memory recording system

(2) Obtaining FAA approval for the SAIL holographic camera
installation on the Citation Cloud Physics Research

Aircraft and testing the installation in flight.

1-3.5




3 PROGRESS IN PRINCIPAL TASK AREAS
SNl Lease Citation N511CC
3 311 Lease Agreement

A lease was negotiated with Alpine Aircraft Charters, Inc.,
Denver, Colorado, guaranteeing exclusive use of Cessna Citation
N511CC beginning on 16 November 1974 and terminating on 15 April
1975. The option to extend the lease which was included to allow for
the possible extension of test operations beyond the previously
scheduled termination date of 31 March 1975 has been exercised by

DNA for one month.
Sak.2 Maintenance and Repair of Aircraft Systems

Alpine Aircraft Charters, Inc., is maintaining the aircraft,
avionics, engines, and subsystems and performing all routing main-
tenance inspections as per the lease agreement. Maintenance work
performed on the aircraft is being scheduled so as not to impact test

operations.
3o ta3 Copilot/ Crew Chief Support

In accordance with the lease agreement, Alpine Aircraft
Charters, Inc., is providing a full-time copilot/crew chief to support

all operations during the lease period.

3.1.4 Insurance Coverage

Insurance coverage is being provided by Alpine Aircraft
. Charters, Inc., and the cost is included in the lease price of the

Lir rait. The insurance coverage is in the following amounts:

.‘; a. Aircraft Hull Insurance - full coverage

o Bodily Injury, other than passenger liability - $250, 000
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G Property Damage - $500, 000 per accident
d. Passenger l.iability - $100, 000

The certificate of insurance was included in the previous

3ok 5 Aircraft Flying Time

The lease provides for unlimited usage of the aircraft during

the period of the agreement,

3.4 Coordination of Field Operations

The MRI program manager is maintaining close contact with
DNA and other government agencies to assure full coordination of all

aircraft operations.

3.3 Administer Citation Lease

The MRI program manager is maintaining close contact with
Alpine Aircraft Charters, Inc., to assure all lease provisions are
being accomplished and all necessary maintenance is performed on
the aircraft. Invoices are examined and flight time charges are
verified with any conflicting items being resolved.

3.4 Lease Litton LTN-51 Inertial Navigation System for Cessna
Citation and P-3A Aircraft

341 Lease Agreements

The lease agreements negotiated with Litton Aero Products
provide for full-time use of two Litton [LTN-51 inertial navigation
systems for the entire length of the contract period. A semi-annual
(six months) lease was negotiated due to the cost savings compared
to a {1 - -month period on a monthly cost basis. A copy of the lease

was included in the previous report.
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3.4.2 Pallet Assembly
Two special pallet assemblies equipped with dual inverters

and designed to adopt the Litton LLTN-51 installation to aircraft such

as the Citation and P-3A, are included in the lease anc have been
installed in the aircraft.
3.4.3 Emergency Battery

In accordance with the lease agreement, Litton Aero Products
has supplied emergency batteries designed to fit the pallet assemblies

which assures continued INS operation in the event of any temporary

electrical power interruption.

3.4.4 Insurance

The leases provide for insurance against all risks or loss or
damage from every cause for full replacement value as well as public

liability including personal injury and property damage.
3.4.5 Installation and Removal

In accordance with the lease, Litton Aero Products is 1nro-
viding field service support for the complete installation, checrout,

and removal of the INS from the aircraft.

St Administer INS Lease

An MRI program manager is administering the provisions of
the lease agreements, reviewing all invoices and resolving any con-

flicting items.

3¢/b Citation Crew Support for HEART and FLAME Programs

3e b2 1 Complete Consulting Agreement
A consulting agreement has been negotiated and a Citation

4 aircraft captain will be available to support all HEART and
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FLAME operations, associated meetings, briefings and alerts,

throughout the deployment period at Wallops Flight Center.
3.6.2 Relocate Crew

The MRI Citation support crew, consisting of an aircraft
captain, copilot/crew chief, and instrument operator have been re-
located to the vicinity of Wallops Flight Center for the duration of

the program.
3.6.3 Availability of MRI Program Manager and Sensor Technician

The MRI program manager and sensor service technician
are available on an "'as needed' basis. The program manager is

monitoring the following:

a. Activities of the crew !
b. Status of the Citation aircraft and its instrumentation

package
G Procuring and shipping consumable and crew support

items as they are needed

d. Arranging the replacement of crew members as the
need arises

e. Closely monitoring the packaging, shipment, and
receipt of data

5 7% Handling customer's requests for unspecified

services as the need arises.
3. 0.4 Logistic Support

All consumable supplies, spare parts, and maintenance kits
required to operate the Citation aircraft and its sensor package have
been procured and shipped to Wallops Flight Center to be used as

needed throughout the program. An MRI program manager is in

1-3.9
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daily contact with the support crew and any needed supplies or spare
parts are shipped as soon as possible. In this way the aircraft and
any part of the sensing package is available for program support in
a 100 percent ready condition almost constantly.
e G0 B Supply Foil Replicator and Portable Instrument Package

One foil replicator, MRI Model 1220A, and one MRI portable
instrument package has been provided for the duration of the program.

- b O Citation Flight Hour Summary and Flight Approvals

Appendix E contains a summary of the Citation flight hours
and the individual who authorized each particular flight during this

reporting period.
4. DATA ANALYSIS FOR HEART, FLAME AND SAMS

The missile operations supported by the MRI Citation during
the period between 1 January and 31 March 1975 are listed in the

table below.

No. of Quick Look Preliminary Final Mission

Date Missiles Report Data Summary Data Summary
(1975) Operation Fired Issued Issued Issued

1-9 SAMS 2 1-9 N/A 4-4

1-20 HEART 1 1-24 2-14 Note 1

2-4 FLAME 1 2-4 N/A N/A

3-5 HEART 0 N/A N/A Note 2

3-7 SAMS 1 3-8 N/A Note 3

Note | and 3: Final mission summaries to be issued by 4-30-75.

) The only data required from the aborted HEART mission of
are Formvar replicator photographs. For comparison with
holographs taken during the return flight to Wallops.

1-3.10
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The FLAME mission data were not reduced because the
mission was a failure due to missile problems. While similar prob-
lems existed on 9 January and 7 March, AFCRL requested that data
be processed to allow the degree of corrolation between aircraft data

and radar data to be studied.

Data processing for all missile operations will be accom-
plished in cooperation with AFCRIL. Dr. Barnes' letter dated
31 January 1975 details handling of SAMS data; this letter is included
in Appendix B. HEART and FLAME data will be reduced in a similar
fashion with the concurrence of AFCRL as to crystal habit and

associated size-mass relationships.

Attempts have been made to derive better crystal habit in-
formation through the use of the Quantimet analyzer. Unfortunately,
due to contrast problems and data artifacts, objective measurement
of crystal types is not possible. The trained eye of the scientist is
still required and, due to the volume of data to be studied, the crystal
habit determination is still largely qualitative. As a consequence, no
charges for use of the Quantimet analyzer will be billed during this

program.

The major difference between the SAMS data processing and
that of HEART and FLAME is that the SAMS data are compared with
radar gathered by Spandar, while the HEART and FLAME data are used
solely to characterize the average water content and spectra at each
level. Therefore, in addition to the pass average data processed for
HEART and FLAME, six-second averages of all probe data are stored

on digital tape and delivered to AFCRL for further analysis.

d=g, 11
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5 SAMPLING MISSION NAVIGATION SYSTEM FOR HEART
AND FLAME PROGRAMS

MRI has developed novel hardware and software for use with
the Litton LTN 51 navigation system to support the HEART and FLAME
programs. The system has been completed and used successfully

under both test and mission conditions.

5l Navigation System Software

MRI has directed the efforts of Litton Aero Products in the
writing of special software for use with the LTN 51 which would allow
the MRI Citation and P-3A aircrafts to '"storm follow' while making
their post reentry data sampling runs. When the reentry vehicle
reaches the pierce point, the mission start switch is activated and
the software essentially propagates the coordinate system as the
reentry trajectory propagates with the storm. A complete description

of the program and its operation is included Appendix C.

SR Pilot Steering Display

MRI has developed a display system which accepts the LTN 51
track angle error (TKE) three wire synchro signal and conditions it to
drive a control transformer display. The electronics and control trans-

rmer comprises an off-the~shelf unit which has been mechanically
modified to allow an unambiguous steering command to be displayed in
the cockpit.

With the use of the special software described in Section 4.1,
the track error display need only be kept at zero by aircraft steering
to bring the aircraft to the desired sampling points.

The steering display systems are installed in the MRI Citation

il

e P-3A aircrafts.
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5.3 LTN 51 Data Bus Interface

Design and fabrication of an electronic interface which
interrogates the LTN 51 serial data bus and converts it to a parallel
BCD format computable with the Buffer Memory System has been
completed. The unit has been installed and tested in the P-3A aircraft
and latitude and longitude outputs have been observed on the Buffer

Memory nixie tube display.
6. HOLOGRAPHIC CAMERA SYSTEM

FAA approval for installation of the SAI holographic camera
was finalized in Newark, New Jersey, after a coordinated effort with

Butler Aviation and the local General Aviation District Office (GADO).

The Citation was flown to Newark prior to approval in order
to familiarize the FAA representative with the proposed installation.
Subsequently, all necessary documentation was assembled and sub-~

mitted to FAA.

Upon receipt of FAA approval, the camera was installed at
Wallops Flight Center, Virginia. Documentation is included in

Appendix D.

Since its installation, MRI has supported SAI by providing

test and operational support as necessary.

Specific comparisons between the DNA Formvar replicator
and the SAI holographic system are being made at the request of
R. Cunningham, AFCRL, by preparing representative photographs
of the crystal habit recorded by the Formvar replicator during the

acquisition of each holographic record made on 5 March 1975,

~
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{. ACTIVITIES DURING THE NEXT REPORTING PERIOD

During the period from | April through 30 April 1975, the
Citation and its crew will be available at Wallops Flight Center to
support rescarch activities. This extension of research activity by
DNA from the previously scheduled end date of 31 March 1975 will
change the decomissioning dates for the Citation research aircraft
to I May through 15 May 1975, after which time it will be returned

to Alpine Aircraft Charters, Inc., in Denver, Colorado.

The navigation systems will be removed from both the P-3A

and Citation and returned to Litton Aero Products.

Data processing and mission reporting will continue through

the end of the contract period.
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March 10, 1975 ail 9
Mane 212 ™

Headquarters
Delfense Nuclear Agency
Washington, D. C. 20305

Attn: Jeanne Ryder

Dear !iss Ryder:

Ref: DNA Contract 001-75-C-0040, POOOOL/MRL 9104141206,9104141408,9106 141493
Discussions and agreements between DNA/SAMSO and Meteorolopy Research
technical personnel have resulted in changes in the work being

performed by Meteorology Research on the subject contract modification
(PO0001L).

As a result of these agreements, it is requested that a contract mo

cation covering the following items be issued at no additional cost

the Government:

References are to PO0O001 of the basic contract.

ARTICLE [, SCOPE OF WORK

Under paragraph "

substitute the following:

D., page 3. delete items 5,6,7,8, and

5. Design and fabricate an electronic interfiace to
LTN 51 to obtain position data from the serial data bus and convert
it to a parallel BCD format compatible with the fer 10 "

recording systems.

(5 Install and test the operation of (he MRI Lon data interface
on the P-3A Weather Reconnaissance ircy

7. Acquire FAA approval for the inst 1 Ll e rap
camera system on the Citation Cloud v e5e t

8. Install and operate the SA! hologra
Citation Cloud Plysics ANircraft.

If you have questions, please contact me
¥ 1 Iy

/ RO ¥ RESEA
R
\. & / ! ,'
\1‘. Viggins” \7'|
Vi 1 Adn 8§ i
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LYC (Dr. Barnes, X-3284) j 31 January 1975

Citation/S/MS Data Required by AFCRL

BQ SAMSO/RSSE (Capt Pisarczyk)

1. The following information is provided for the work statement
for the MRI contract, concerning the data to be provided to AFCRL
from the Citatfon for SAMS V missions.

&. AFCRL needs the following:

(1) In real time while the Citation {s making mesasurement:
passes, shortly before or after the uission.

(a) At least two time checks (GMT time) during flight
along with deviation from WOCC time {f any.

(b) Time, with remarks on the weather, on passing
points L and K, the beginning and end points of the passes.

(c) Altitude of the pass. Pressure altitude with
sltimeter set to 29.92.

(d) General comments on the visually observed weather.

(e) VWhen feasible for each pass, a ssuple count of PMS
channels. This would be specified by the AFCRL Field Director froa
the WOCC and would usually be a visual estimate of the average one
second counts in channels 1 and 4 or 2 and 5 of the precipitsation probe.
This information will be provided on request ounly.

(2) 1Im order to sid in the preparation of the 48 hour T1TWX,
the AFCRL Field Director needs by 36 hours after the shot the following:

(a) Times (GMT) of the beginning and ending of each runm,
the pressure altitude of the run and en indicated temperature and
airspeed.

(b) Pertinent comments on the obsserved weather during
the flight.

(c¢) If the local Sslisbury computer can be used, a print-
out of th: average particle concentration per chamnel for each PMS probe
(aversge or total) for each pass i{s desired. Particle count per channel
for each pass could be supplied in lisu of the asbove.

B1-3.3
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(d) The degree of success of the operation of each
major piece of equipment during the fl{ght, 1.e., the PM5 probes, the
foil, replicator and temperature probe. If there was 2 problem, a
short statement of the naturs of the problem is desired.

(3) In the longer time scale, it is requastad that the crystal
habit or perceat of each crystal hadit identified per pass be discussed
with AFCRL before the further processing of the PMS data tapes. For
this purpose the foil and replicator data should be examined but no
extensive snalysis of these data are preseatly programmed.

(a) The catalog of shadow length to mass relationships
that are used in the analysis of the PMS dats should be supplied to AFCRL.

(d) +fter crystal type of mix per psss has been agreed
tobyA!’CXI.cndmchomsrwup‘datashmldbctrmtemdcol
Iwajalein type tape and this tape sent to AFCRL/LYC to arrive HLT 30 days
after mission. Crystal habit or percent mix used for each pass should ta

included.

(¢) A summsry listing of particle concentration and INC
per pass should be provided similar in format to that in MRI report on
HEART mission oa 25 Msrch 1974, report dated 23 ipril 1974.

ARNOLD A. BARNES, Jr., Acting Chief, Cy to: DA (Capt R. Houstom)
Convective Cloud Physics Branch M1 OQix. R. Davey):+~
Mateorology Laboratory . S:MSO (Mr. J. Hess)

LY (bxr. R. Cunningham)
LYC (Mr. M. Glsss)




o

APPENDIX C

C1-3.1

.
-
24
.
h




VN

X v AR

~ P
2= . . ' : ‘
( \ ‘ N ]_ { [L REVISIONS
& Aop fatbaoa wait TR ECO DESCRIPTION DATE APPROVED
o [
CONIEAGY. HO» AERO PRODUCTS DIVISION
LITTON SYSTEMS, INC. LITTON INDUSTRIES
CANOGA PARK, CALIFORNIA 91303
SIGNATURES DATES -
ORS (L7, vt curx, el VITLE
Lhi COMPUTER PROGRAM 100551
ENGR )7, , Si4 fen  Yi-150U) Mateorology Research Inc.
ENGR /
ARDAREROVAL SIZE | CODE IDENT NO. [ NUMBER | Rev
Al BUFBE | e |
CUSTOMER APPROVAL
SCALE { [ smeer 10F 1o
M APD L ‘
Cl=3: 3

?RL.CLDI!G PAG.‘ BLANK~IIOT FI

S

m'«ﬁ"

el Mt

bl

iy




YN

A

o

GENERAI

The LTN-51 operational computer program 100551 was written to meet
the requirement of the Meteoroloqgy Research Inc. of California.
The program provides steering commands to trace a series of moving
points in space in addition to normal LTN-51 functions.

PROGRAM CHARACTERISTICS IN NORMAL. LTN-51 OPERATIONS

Turn-On - When the mode selector switch is set to STBY, turning on the
system; the right numeri al c lisplay will indicate the computer
program numb.er 1 »S 1 Display Selector must be 1n POS or WPT). Ihe

left numerical display will be all zeros and the FROM/TO display will
indicate a 1 track. \iter a position data entry has been madec,

the right numerical display will not display the computler progra number .
Waypoint Zeroing - Present Position and Waypoints O through 9 will

be zeroed whenever the mode selector switch is set rrom OFF to TRY

or trom NAV t
in the right numerical
POS or WPT.

STBY . The comput

program number will be displayved
th Display Selector switch set to

lisplay wi

Display Test - During STBY and modes, with the CDU Display
Selector switch set to TEST; left and right numerical displays are
degree signs, decimal point, arc-minute sign, NS, EW, and all "8's"
From/To display is "&8" and ALERT, BATT and WARN annunciators ars
on. The computer will output analog test values:

Paramcter Value
Analog True Heading 11.25 degrees
Analog Track 22.5 degrees
Analoqg Drift Angle 11.25 degree
Analog Track Angle Error 22.5 - (Desired Track)
Analog TAE + DA (Desired Track) - (Acit. True Heading)
Ground Speed 512 knots groundspeed is simulated
for steering signal computation
The ARINC Tra itter will output "8's" and the INS (‘u"‘.pariw)n wWarn
signa will et to the warn condition.
SIZE CODE IDENT NO. | NUMBER RLV
Al 30782 454047=100551
SCALE | |sweer o or
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Alignment Status Values

STS DESCRIPTION
90 First 60 seconds after turn-on during which the

Gimbal 1s caged and the gyros are spun up.

80 Analog fast level mode, lasts 120 seconds. Alicnment
will be held in STS 80 until present position has
heen entered and the MSU mode switch is set to ALIGN.

70 Digital fast lcvel mode, lasts 100 seconds (Align
timer = 220 scconds). Alignment held in STS 70
until the platform up-to-temp discrete is received

by the computer

60 Velocity averaging mode, lasts 25 seconds, ot end of
which alpha estimation is tested for reasonableness.

50 Damping mode lasts for 120 seconds during which

velocities are allowed to dampen out after direction

cosine update. %
40 Alignment gains are changed for fine gyrocompassing.

This period last 120 seconds.

v At the end of STS 40 fine gyrocompassing continues. The status ¢
number displayed indicates the largest of the following three
quantitics; Vx pulses, Vy pulses or north gyro drift. Status
value associated with measured north gyro bias have the following

correspondence;

STATUS NORTH GYRO RIAS

Less than 0.036 degrees/hour
0.036 to 0.072 degrees/hour
0.072 to 0.112 degrees/hour
0.112 to 0.148 degrees/hour

WK =0

A status value of 2 or less must be achieved 1or the Ready Nav
Annunciation on the MSU to illuminate. North gyro bias measured

must be less than 0.112 dearees/hour. 7

% SIZE | CODE IDENTNO. [ NUMBER e

A 30782 454047-100551
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Alignment Warnings

1.

bed
At the end of STS 60, if test of 0.875 «(SIN” Alpha + (‘.052 Alpha)
<{1.125 fails for three consecutive 25 second velocity averaging
periods (STS 60); the flashing warn is activated. STS 60 is
maintained during this period.

Below STS 80 (i.e.; 70— 0) the flashing warn is activated anvtine
Vx or Vy exceeds (overflow) a predetermined value for more tian
three real time interrupt cycles. Alignment is reset at STS 70.

A flashing warn will be activated if Ready Nav criteria is not
satisfied within two minutes after completing the fine gyrocompassing
time of eight minutes.

If the Align mode is maintained after a Ready Nav light is cbtained;
a flashing warn will be activated if the status value excec !
for a period longer than two minutes. The Ready Nav liaht
extinguished. Warning light will extinguisch and Ready Nav
illuminate any time the status is 2 pulses or less.

Analog output Characteristics

1. Analog true heading (TR HDG) is updated ten times a second.
2. Drift angle (DA) and DA + track angle error (TKE) are selected
as analog output signals.
3. ARINC steering signals are available on track angle error converter
if LTP~13 is grounded to LTP-3.
4. Steering signal output is limited at *30 degrees bank angle command.
Track Switching Characteristics
1. Auto mode - If Steering Discrete (LTP-13) is grounded to LTi'=3;
track leg switching is executed at 30 seconds time to go. ALERT
light will illuminate at two minutes time to go if ground speed
is greater than 250 knots.
2. Manual Mode - Switching point mechanization is the same as above
with the exception that track change is not made automatically.
In lieu of the automatic track change; the ALERT light is flasbhed
as an indication to the operator to change track manually. ALERT
light flashing begins 0.5 minutes time to go.
SIZE CODE IDENT NO. NUMEER REV
A | 30782 | i
SCALE | B
FORM AFG 51102 -
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Track Hold Mode

1. A Desired Track may be inserted into the computer to provide an
INS Track Hold mode. With the CDU Display Selector switch set

o to DSR TK/STS position, the desired angle is entered by depressing

the O button on the CDI! and inserting the angle to the nearest

0.1 degrees in the left numerical display.

2. DIS, TIME and XTK values will be zero and the FROM/TO displa;
will indicate 99.
Distance Between Waypoints in Normal LIN-51 Operations

1. Set the CDU AUTO/MAN/RMT switch to RMT. The FROM/TO display will
blink.

2. Set display selector to DIS/TIME. Left numerical display will be 0000,
3. Enter track change between waypoints to be interrocated. The left
numerical display will be the distance between these waypolnts.
Normal track distance calculations and track switching continues,

uninterrupted during wavpoint interrogation.

4. Switching to AUTO or MAN restores the normal FROM/TO and DIS display.

BCD bus characteristics

Label (Octal) Quantity Units Resolution
i Distance to Go Nm 0.1 Nm
2 Time to Go Min 0.1 Min
5 Track anale rror Deg 0.1 Deg
10 Latitude Deg & Min 0.1 Min
0 4 Longi tude Deg & Min 0.1 Mir

Display Restrictions in Normal LTN-51 Operations

1. For ground speed equal to or less than 10 knots, track is set
equal to true heading and time to go is set to zero.

2. For a FROM/TO track of 00 (also present pocition has not been
entered), DSR TK, TKE, XTK, DTG and TTG are set to zero.

Wind Computations

Computer program is capable of computing wind speed and direction
based on keyboard entry of true air speed.

| SIZE CODE IDENT NO. | NUMBER REV
| Al30782| ..., .
% SCALE l lsuzn . oF
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MAINTENANCE INFORMATION

i Tape Verification
Verification of computer program fill starts at location 0000.

Gyro Bias and scale factor locations -

Location Batamerers
7004 BXDT, X gyro bias
7005 BYDT, Y gyro bias
7006 BZDT, Z gyro bias
7007 GSX, Modifier for X gyro scale factor
7010 GSY, Modifier for Y gyro scale factor

PROGRAM CHARACTEFISTICS IN MRT MISSION OPERATIONS

Sampling mission switching characterisitcs =

1. A discrete toggle switch labelled 'MISSIGN START' will be employed
and must be heavily detended in the ON position to prevent inadeguate
turn off during mission operations.

2. Switch in the OFF position - The normal align and navigate functions
9 of a standard LTN-51 system shall be performed. Q

3. Switch in the ON position - The switch will be placed in the ON
position in the NAV mode and enables entry of all mission data
parameters. The placing of the switch to the ON position starts

i the real time intearation to update the relative position of

aircraft with respect to moving sampling point.

“ Mission data entry and display
| The 'MISSION START' switch will be set to ON position a first time to
! load the following data:
! 1. Storm direction and velocity
% a. Set AUTO/MAN/RMT switch to AUTO or MAN.
b. Set selector switch to DSR TK/STS {

c. Set WPT # to O

d. Press the '0O' key for left display and enter storm direction
to the necarest tenth of a degree.

e. Press the '5' key for right display and entex storm speed
to a knot.

Sizt CODE IDENT HO. | NUMBER REV

» A 30782 454047=100551
L._....n- SCALE | {sheer  or
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2. Azimuth angle and glide ratio
- a. Leave AUTO/MAN/RMT switch to AUTO or MAN,

b. Set selector switch to DSR TK/STS

c. Set WPT # to 1.

. Press the '0' key for left display and enter azimuth angl¢
to the nearest tenth of a degree.

e. Press the 'S' key for right display and enter glide ratio
to a feet (feet in horizontal plane per 1000 ft change in
altitude),

Note: Typically the switch will be placed to the OFF position after
the above parameters are loaded and normal LTN-S51 operations
will be perrormed.

The 'MISSION START' switch will be placed in the ON position
a second time at the instant the re-entry vehicle arrives at the
pierce point and the following data shall be loaded.

3. Pierce Point latitude and longitude

a. Set AUTO/MAN/RMT switch to AUTO or MAN
b. Set display selector switch to WPT
’ c. Set WPT # to 9 ‘
d. Press the 'N' or 'S' key and enter the latitude to the nearest
tenth of a degree
e. Press the 'E' or 'W' key and enter the longitude tc the nearest
tenth of a degree.
4. Pierce Point altitude
a. Set AUTO/MAN/RMT switch to AUTO or MAN
b. Set display selector switch to DSR TK/STS ¢
c. Set WPT # to 9
| d. Press the '5' key for right display and enter the first two
digits of altitude in unit 1000
B Example - For 35,200 ft. enter 35
E for 5,200 ft. enter 5
3
E ‘ SIZE CODE IDENT NO. NUMBER REV
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5. Desired altitude of the first point to be sampled.

a. Set AUTO/MAN/EMT switch to MAN

b. Press the TK CHG pushbutton

c. Enter the first two digits of desired altitude ir unit
1000 ft through the CDU keyboard.

d. Press the INSER1 pushbutton. The FROM/TO waypoints displas
should read the numbers i1nserted and the lights on TK CHG
and INSERT will go out.

Note: Automatic track change shall not occur with mission start
switch ON pesiticn. The selection of the desired tangent
plane shall be performed manually by entering the altitude
using the procedure cited in 5.

6. Entry of true air speed (TAS)

a. Set AUTO/MAN/RMT switch to RMT

b. Set display selector switch to DSRTK/STS

c. Press the '5' key for right display and enter true air speed
to a knot

Note: he entry of true air speed is availlable for both positions of
of 'MISSION START' switch. Set AUTO/MAN/RMT switch to AUTO
or MAN to display computed wind speed and direction.

Summary of Data Entry and Display

Parameter displayed cDU A/M/R CcbhU Sel WPT on

Lt D Rt I I To/From Sw. P Sw. Po Sw. Pos

Stor Storw - A or M DSRTK/STS O ON

Dir« 1 Speed

Azi Glide - A or M DSRTK/STS 1 ON

Angle Ratio

Pierce Pt Pierce Pt - A or M wPT 9 ON

Latitude Longi tud

- Pierce Pt. - A or M DSRTK/STS ) ON

Altitude )
- - Desired M Anv Any ON
Altitude
~—— TAS - R DSRTK/STS Any ON/OFF
SIZE CODE IDENT NO. | NUMBER REV
- o 4404 7=10u0551
A | 20782
SCALE | [sheer © or
FORM A R
7
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Display Restrictions in MRI mission operations -

b S XIK is set to zero with 'MISSION START' switch in ON position.

2. To display desired track (DSR TK) set display selector switch
to DSR TK/STS and set wpt # to 2.

Alert light characteristics in MRI mission operations -
) Alert light and remote alert light will illuminate 1 minute time

to go prior to reaching sampling point and remain illuminated ror
2 minutes.

2. ALERT will not illuminate unless desired nltitude is entered an
selection of tangent plane where the sampling will be pertormed
completed.

GENERATION OF STEERING COMMANDS

Coordinate system used -

A locally level rectangular coordinate system moving in storm direction
with storm speed has been used. (Refer to Figure 1)

In this system X is north, Y is east and Z is up. The center of

’ the coordinate system is referenced to the positicn of mission aircraft e
at the instant the 'MISSION START' switch is placed in ON position.
The altitude o! Po is assumed as pierce point altitude.

11 /x (N)

-
77
-
~ ¥ (E}
'I Po
| /Sloun Direction
|
Figure 1
P SIZE CODE IDENT NO. NUMBER Ke :

4 4 Al 30782 454087=100551
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Po (o,

Guidance equations -

| £

Poldo A —

Ao) :

PP (#pp, App) :

SE

AC
fd
Vs

vaz

)

|
YRTpPpP =

e = NS

Figure 2

A/C Lat/Long at "MISSION éTART' switch ON position
Pierce point Lat/Long

Desired sampling point

A/C present position integrated by XS and YS

Desired track angle to intercept the sampling point
Storm direction

Azimuth angle of re-entry vehicle

Offset due to altitude difference angle and alide ratio

of re-entry vehicle (projected onto X=Y plane) (plerce
point alt.-desired alt.) X glide ratio

SIZE | CODE IDENT NO. | NUMBER REY
A 30782 454047=-100551
SCALE l |sHeer 1 of
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XRTPP = @gpp - fo

YRTPP = (App -Ao) - Cos ¢o

XDIF = 5 cos yaz )
YDIF = p sin Yaz

VXS = p cos y¢s

VY¥YS = Vs sin ys

Xs = J‘(VN -VXS) at

Ys = f (VE -VYS) dt

VE - VYS )

1kP = TAN") <
VN - VXS

GSP = 1/(Vs -vys)? + (W -vxs)?

XDIST = XRTPP + XDIF =XS

XRTPP + XDIF +[ (VXS -VN)dt

e b4

TTG : Time to go to intercept the sampling point

DIST : Distance to go to intercept the sampling point

TKP O Reiative track angle of A/C in moving coordinate system

GSpP : Relative ground speed of A/C in moving coordinate system

VXs : Storm speed along X-axis

VYS : Storm speed along Y-axis

VN : A/C speed along X-axis

VE : A/C speed along Y-axis

Vs : Storm speed

TKEP : Track angle error in moving coordinate system

VN=-VXS : Relative A/C speed along X-axis in moving coordinate
system

VE-VYS : Relative A/C speed along Y-Axis in moving coordinate
system :

Then,

SIZE CODE IDENT NO

A | 30782

NUMBER

154047-100551

SCALE 4‘]
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YDIST = YRTPP + YDIF -Ys

= YRTPP + YDIF + [(VYS -VE)dt

.-~__._’)
DIST = V&XDIST)Z + (YDIST)®

-1 YDIST

Yd B XDIST

TTG = DIST/GSP

TKEP = TKP - ¥4

Summary of MRI mission operations -

Set 'MISSION START' switch to ON position in NAV mode
Enter the available mission data parameters

a. Storm speed and direction

b. Azimuth angle and glide ratio of re-entry vehicle

c. True air speed (available for both positions of 'MISSION
START' switch)

Set 'MISSION START' switch to OFF position and insert adequate track
leg for normal [ TN=51 operations.

4. Set 'MISSION START' switch to ON position a second time at the instant
the re-entry vehicle arrives at the pierce point.
5. Enter the following data
a. Pierce point latitude/longitude
b. Pilerce point altitude
c. First desired sampling altitude
6 When the INSERT pushbutton is pushed to enter the first desired sampling
altitude, the displayed values on CDU, DTG, TTG, DSRTK and TKE are the
necessary stecring commands for the mission operations.
7. Start sampling when the ALERT light illuminates 1 minute time to go
prior to reaching the point.
B. During the period of changing altitude, set display selector switch to
% DIS/TIME and observe relative position of airplane to next sampling point.
3 ). When the mission airplane enters the tangent plane where the sampling
will be performed, insert the first two digits of desired altitude
§ in unit 1000 fect.
»
SIZE CODE IDENT NO. | NUMBER REV
A 30782 454047=100551
‘ SCALE ] [sweer 10 of
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

February 19, 1975

Mr. C. Cullian

c/o Pleasent Acres (Schaff)
Church Street Extended
Chincoteague, Virginia 23336

Dear Mr. Cullian:

Attached is the Citation file. Please attach the original letter

150 Riser Road

Teterboro Airport

Teterboro, New Jersey
07608

from Mr. Clarence D. Fields regarding the flight check to the approved

Form 337 dated June 24, 197L.

Sincerely,

g

Principal Maintenance Inspector

Enclosures

D1-3.2
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October 31, 1973 GENERAL AVIATION DISTRICT OFFICE
Ontario International Airport .
Ontario, California 91761

OPERATTION LIMITATIONS
RESTRICTED-MULTIPLE

MAKE: Cessna REGISTRATION NO: N511CC
Model: 500 Serial NO: 500-001
WEATHER CONTROL

The aircraft identified above has been certificated under the
provisions of Part 21,187 of the Federal Aviation Regulations
for the special purpose(s) as indicated.

1. This aircraft shall not be operated in any manner which will
rndanger public 1ife or property.

@7.A11 flights shall be conducted in accordance with part 91,39
of the Federal Aviation Regulations, except as noted herein.

3. Conversion from one category to the other shall be performed by
or under the supervision of a properly certificated mecharic
or in accordance with FAA approved instructions, as appropriate.

4. A log book entry shall be made by a certificated mechanic for
each conversion from one category to the other, or recorded
in accordance with FAA approved instructions, as appropriate,

5. When operating under these limitations the word "RESTRICTED"
in letters at least 2" high shall be made visible from each side
of the aircraft near the cabin doors.

6. Flight crews shall be thoroughly briefed on special flight
operations and duties,

7. These limitations are issued in conjunction with and in
addition to the Special Airworthiness Certificate
FAA Form 8130.7, dated 20-32-73

;25‘_&¢22£//h
M. STOUT
General Aviation Maintenance Inspector ;

cc: File
AAC=-250
Reading
MS

MS :mhp
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OFPARTMENT OF TRANSPOR 1IN lor 1/,/""“‘/

Brdget Bureauw Noo 04-Ko6o 1

FEDERAL AVIATION ADMINISTRATION

MAJOR REPAIR AND ALTERATION
/ (Airframe, Powerplant, Propeller, or Appliance)

TOR 44 USE ONLY
OFFICE IDENTIFICATION

INSTRUCTIONS Prantorwvpe all enerics See FAR 439, FAR 43 Appendin B, and AC 43 91 (or subsequent revision thereot )

tor instructions and disposican of s form
T MAKE | MODEL
Cessna - Citation 00
L lpuiie s I . . URSIST I

I AIRCRAFT ¢ 0ial NO [NATIONALITY AND REGISTRATION MARK

500=0011 | Iv.‘)ﬁ \_r‘r‘

[NAME As shown on registration certificate) ADDRESS (As shown on registration certificate)

) OWNER Cessna Financing Corp. P. 0. Box 308

Teasinr Mvision { Hitchita, K=nsas

3 FOR FAR_USE ONLY

See Reverse Side

4 NTIFIGATION
BRI . B du!l‘” IDENTIHICATION I I SRR 5 TYPE
UNIT ( MAKE MODEL | SERIAL NO = 1At |
| REPAIR ‘l ATION
e } — —— SIREPCE R PRS- CE -
| |
AIRFRAME ! eeeered (As described in ttem | above) eeesvssssesrer l X
| |
SRR SEELVE SR S T . e e e
‘ !
SWERPLANT | {
| | !
== EUEE S —— | — — —
! 1 ‘
PROPELLER L ‘ ]
‘ |
SRR S TS P - == e e
Hivee T —t—
ARFUABCE o imcoRe. ‘ 1
!
4 l 1 o
I el 6. CONFORMITY STATEMENT P e e S LG
A AGENCY'S NAME AND ADDRESS ] et KIND OF AGENCY | C._CERTIFICATE NO
1’ 1iam | » McFall |\ u 5. CERTIFICATED MECHANIC B
b— -
lpine Air Charter ! wnmcu cnnncun MEC HAMI( | Aep
Stanleton Tn? 1. Airport CERTIFICATED «renw STATION 208030¢
l ’) or> ") £0 ‘r' )5 | MANU’A(.'URU! 2
- S —— — ,LAJ - — SN S ST N—————
D. I certify thae the repair and or alteration made to the unit(s) tdentfied in item 4 above and described on the reverse or
avachments hereto have been made in accordance with the requirements of Part 43 of the US. Federal Aviacion Regulations
and that the information furnished herein 1s true and correct to the best of my knowledge
s i IR Ut e H - e e
DATE TSIGNAYURE OF AUTHORIZED INDIVIDUAL
3 - ’/ 7 . ’d .
June 2/, 1974 \ = / / / o

oS TR e B, mnom FOR RETURN 70 smmt

g

Pursuant to the authority given persons speciiod below, the unic idegaticd 1n item 4 was in spected an the manner prescribed by
the Administrator of the Federal Aviaton A\dm.nmruum and is ;L}’/\’:PKU\ PD CRI fEC IH)

s e T i o e S0t L4 ki L :
[otHER (s
FAA FLT. STANDARDS MANUFACTURER N | inspECTion auTHORIZATION (o)
il INSPECTOR |
J&' [ B e | ———T" i IS 1 CANADIAN OEPARTMENT
— ! FAA DESIGNEE | REPAIR STATION OF TRANSPORT INSPECTOR
| i 1 | OF AIRCRAFY
DATE OF APPROVAL OR CERT)H(ATE OR a|GNATU OF AUYH?RIZ[D lNDlWUAl. |
REJECTION \DESIGNATION NO | 4 ((,/6{ St {
8= RY - T | /30784 £
FAA Form 337 (7-67) ‘ (8320)

- -~ -




Weight and balance or operating limitation changes shall be entered in the appropriate aircraft record. {
An alteration must be compatible with all previous alterations to assure continued conformity with the |
vpplicable airworthiness requirements.

= 8. DESCRIPTION OF WORK ACCOMPLISHED (If more space is required, attach additional sheets. Identify with air-
craft nationality and registration mark and date work comgpleted.)

| Following alteration performed on Cessna Citation S/M 500-0011 Rep. No. N511CC on
June 24, 1974.

Removed center section of modified left rear passenger window (5-5%1h.5"}s. Install-
ed holo camera mount center section of same dimension bv came attachines methor.
Installed aerodynamic fairines (2) over camera lens as shown in accompanyins photo—
graph with 8 high tensile strength bolts,

Accompanyinr Science Apnlications, Inc. enpineering analysis verifies structural
inteprity of new center section for 8.0 p.s.i. differential,

This Modifica*ion accomplished using Cessna Citation a2pproved manuals and AC 43,13-1
and -2 as puides,

Also installed Holocamera control unit in left rear passenrer comnortment on ceat
rails at fuselage station 239.90".

Weight and Balance updated and correct.

Attached are: 2 Photos
~ CAT Mesipn Adlendum “1
SAI Desien Document #2

Note: -—"’/y_/f—

This aircraft was issued a multiple Airworthiness Certificate on October 31, 1973.
The installation described in Item 8 Form 337 dated June 2L, 197L is added equipment
to previde data in conjunction with equipment previously installed and approved for
weather gathering data.

Conformity inspection was accomplished on June 24, 197L in accordance with FAR L3.7.
Data for this added equipment is approved to conduct flights in the restricted
category only.

’ See attached flight check statement by pilot concerned- /Z( o
///7//‘. '/4'“;.47
Approving Inspector Jules De Crescehzo

FAA, AEA-GADO-10

Teterboro, NJ

[7] ADDITIONAL SHEETS ARE ATTACHED
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TRANSMITTING PROBL

e
KUBY LASER
RECLIVING PROBE
MAGAZINE —>
C (%)
© |
|
CONTROL
BLECTRONTCN
S KV I'OWER SUPPLY :
|
]
|
]
|
ar J
INSTRUMENT TABLE |
e ]
. |
|
. “
COOLER |
POWER SWLTCH |
o ]
>
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Safety Factox

FFrom Table 44

5., Yield

tio

A (Length of Waeld)
(&7 Gy I IR T

. ; 2

12 Lp wD

AL 4 w(D) (.T)(R)

{'\}1 b

2.8R

10 psi

20, 5 .

< L8% Fni (3/16

(10) (2.75)

€2-8) (: L85)

54 psi

S . yield

S

*Structural

SF

9,000

G 00
54

Aluminum
weld

psi for

166

Design'

nominal)

(G i i

by Reynolds

St ze)

Metals
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CALCULATTION O SHEAR 'Rl | UBE WhELD
Reterence:
Roard, Raywmond . Bogmarl ais o i ind Strain;
4th EBd, MeGraw-=Hill Book C&; MN.Y., N.Y ] ¢
The shear stross in the weld can b computed using ti mym-—
imum cross scctional area of the weld and the appla load
(Pg 334 of R« )
Tube
/ 60G1 Alum.
3 g Window
I Bulkhead
—— D —# )4
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‘ t
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Ln Cros Section
b Por c¢ }
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: Weld Arca A
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STRESS IN AIRFQII

INERODUFCTION :
The ailrfoirl 1s a NACA 0018 Section.
from two end plates, a central strut,

2 0:.090 in. thick skin attached by

The maximum stress will occur in the

skin or the screws which attach the

The load on each set of screws is approximately
since the cross sectional area of the

than one-third of the skin attachment

of the stress Llevel in the bulkhead

worst shress conditiion.

.I.'Qf,\“_f‘ on ALRFOIT,:

The loads on the airfoil come from

Rt (2 airfoil drag, (3) 10y emergency
Since the lift-drag do not occur simultancous

load ¢an be compubed and then the stress

N o 1 it

4 %)
L Y ) AV =)

Symbol Name

I L;id fit

0 Density

" Velocity

3] Sur Lace Area

(‘l Lt Coel fycyoent

D1-3.11

onstructoed

training

bulkhead

SONECEeS ;

condil tilions .
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0/
L= (200)% (1.2) (0.8)
32
42 Llbs
Nr ol Drags
0 )
D Y V'S
3.2 D
D drag coefficient 0:25
D= 13 lhs.
Ewmexgency Load:
The weight airfoil was determined to be 6.2 1lbs (see attached

Wt Computakticon O Airfeoiil) . With a 10¢ crash load the effcc-

tive load would be 62 lbs.

The emergency Lload is the largest of the loads and will be

used in the stress computation.

Stress in Bulkhcecad Screws
Agssuming that one screw sustains the entire load under con-

ditions as shown

e

~—E [l

Screw under $
stress

w¥= 2

D1-3.12
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hen




8 -
l"T = Tensl1ll Force on Screw G2 x =y 248 ¥
Phe combined stress will be less than 7,000 psi. he maoxi-

mum allowable stress in the screw is 60,000 psi giving a

safety factor:
. 60,000
(Trwe— W Al L
S 7,000 B9
Stress level for 109 load:
We. = 1.2 X 2 x 144 x 090 x 2 x -1
= 6.2#
EEf. Load = (10) (6.2) = 62§
8 = (62)(8) —
20 0207
= 9185
Shear Stress = 62 = 2300
. 027
Combined Stress = 9500
= Maximum Allowable Stress = 60000
& safety lactor = 60000 = 6.3
» 9500

.
-~
v
@
[

u

Pl=3.13
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E o= =i %10 2 -
33 (200) .2 (0.8

42 1lbs.

Airfoil brag:

D = drag coefficient = 0.25

D = 13 1lbs.

Emexgency Load:
The weight airfoil was determined to be 6.2 1lbs (see attached
Wt Computation of Airfoil). With a 10c¢ crash load the effcc-

tive load would be 62 1bs.

The emergency load is the largest of the loads and will be

used in the stress computation.

Stress in Bulkhcad Screws

Assuming that one screw sustains the entire load under con-

ditions as shown
”

LILLY
wad § yame

I

screw under # *
stress

D1-3.14
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Safeby Factog:

screw tensile stress

serew area = J027 in.

= 9200 psi

shear stress

62 = 2300 psi.

L027

!
n
+
n

Combined Stress

1
= vgzooz 4 2300°

= 9500 psi

allowable stress = 60000 psi

D1-38.15




60,000 o
S.F. = 9,500 = 6.3
; CONCILUSLON
The airfoil should be capable of operating over the design
conditions expected to be encountcred with a safety tactor
of 6.3
|
|
1
3
b
E
I
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APPENDIX E

WALLOPS ISLAND CITATION FLIGHT RECORD

Departure
Date Time Operation Flight Flight
(£33 75) (GMT) Flight No. Supported Authorization Time (hrs)
2-3 1600 H7502 HEART C. Cullian Lytre
Simulation
2-4 1300 F003 FILAME M. Rubenstein )
Mission
2-10 1100 MO02 Holocamera C. Cullian l.
2-21 1330 5002 vern Plan) 2
1
2-24 195¢( 300 A MS =rn Plank 1.9
2-25 18342 1750 ! Jern Plank 0
3-5 1300 7 . Rubenstein 3
3-7 1936 Vern Plank 2
3-10 1910 S005 SAMS Vern Plank it 1
3-27 193 LAME Dr. Cunningham 1.8
3-28 193 FLAME Dr. Cunningham 1,4
TOTAL FILIGET TIME Z23
E1-3.2
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SUPPLEMENT 1-4

Research Aircraft Support for
HEART, SAMS, and FLAME at Wallops Island

1 April 1975 - 31 May 1975

by

Charles Cullian
Stefan Steinberg

First issued as Bimonthly Report No. 4, 15 June 1975

1-4.1
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1. INTRODUCTION

This document reports on the progress made under
Contract DNA 001-75-C-0040 and modification P00001 for the
period from 1 April 1975 through 31 May 1975.

MRI is supporting DNA and AFCRL in HEART, SAMS,
and FLAME hydrometeor sampling programs at Wallops Island,
Virginia. This support includes an MRI instrumented and operated
Cessna Citation sampling aircraft leased for the six month test
period 16 November 1974 through 15 May 1975. The instrumen-
tation includes an INS leased from Litton Aero Products and modified
specifically for HEART sampling missions. MRI is also responsible
for leasing and modifying the INS used in the P-3A support aircraft

based at Jacksonville, Florida.

This report discusses the progress of the Citation lease,
the INS lease and modification, Citation flight times, flight crew
recruiting, transportation, accommodations, and coordination
activities.

2 EXTENSION OF TEST OPERATIONS AT WALLOPS ISLAND

On 26 March 1975, MRI received a TWX from DNA
extending the HEART program to allow missile DW8 to be launched
through suitable weather. The new program cutoff date was extended
to 30 April 1975 and any additional cost requirements generated by
this request were to be forwarded to DNA as soon as these costs

could be determined.

The TWX and the request for additional funding by MRI

are included in Appendix A,
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30 PROGRESS IN PRINCIPAL, TASK AREAS ‘g

3.1 Lease Citation N511CC }

E - 311 Lease Agreement |

The lease was negotiated with Alpine Aircraft Charters,

Inc., Denver, Colorado, and guarantees exclusive use of Cessna

- SRUTp——

Citation N511CC beginning on 16 November 1974 and terminating
on 15 April 1975, An option to extend the lease was included to

allow for the possible extension of test operations beyond the

e

previously scheduled termination date of 31 March 1975. This i

option has been exercised by DNA for a one month period.
3.N2 Maintenance and Repair of Aircraft Systems

Alpine Aircraft Charters, Inc. is maintaining the aircraft,

avionics, engines, and subsystems and performing all routine
maintenance inspections as per the lease agreement. Maintenance

work performed on the aircraft is being scheduled so as not to

impact test operations,
30,3 Copilot/Crew Chief Support

In accordance with the lease agreement, Alpine Aircraft
Charters, Inc. is providing a full-time copilot/crew chief to support

all operations during the lease period.

3o l4 Insurance Coverage

Insurance coverage is being provided by Alpine Aircraft
Charters, Inc. and the cost is included in the lease price of the

- aircraft. The insurance coverage is in the following amounts:

b a. Aircraft Hull Insurance - full coverage

b. Bodily Injury, other than passenger liability - $250, 000

——_— e e ﬂj
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Ce Property Damage - $500, 000 per accident
d. Passenger Liability - $100, 000.

The certificate of insurance was included in the

previous report.
315 Aircraft Flying Time

The lease provides for unlimited usage of the aircraft
during the period of the agreement,

31,6 Acceptance of Citation Aircraft by Alpine Aircraft

Charters, Inc,

In accordance with paragraph 4 of the Aircraft Lease,
on May 4, 1975, a representative from Alpine Aircraft Charters,
Inc., inspected the Citation aircraft at the MRI modification facility
at Cable Airport, Upland, California, to determine if all provisions
had been met in returning the aircraft to its original condition
following decommissioning. The aircraft was accepted as meeting
contract requirements and was scheduled to be ferried to Denver.
At the request of Alpine Aircraft Charters, Inc., the Citation was
ferried to Sacramento, California, for required maintenance by the
Cessna factory maintenance center there, and then flown to Denver.
The contract was charged only for the equivalent Los Angeles to

Denver flight time as noted in the Appendix.

S Coordination of Field Operations

The MRI program manager is maintaining close contact
with DNA and other government agencies to assure full coordination

of all aircraft operations,

1-4.6
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3. 3 Administer Citation Lease

The MRI program manager is maintaining close contact
with Alpine Aircraft Charters, Inc., to assure all lease provisions
are being accomplished and all necessary maintenance is performed
on the aircraft. Invoices are examined and flight time charges are
verified with any conflicting items being resolved.

3.4 Lease Litton LTN-51 Inertial Navigation System for
Cessna Citation and P-3A Aircraft

3.4.1 Lease Agreements

The lease agreements negotiated with Litton Aero
Products provide for full-time use of two Litton LTN-51 inertial
navigation systems for the entire length of the contract period. A
semi-annual (six months) lease was negotiated due to the cost savings
compared to a five month period on a2 monthly cost basis. A copy of

the lease was included in the previous report.
3.4.2 Pallet Assembly

Two special pallet assemblies equipped with dual
inverters and designed to adopt the Litton LTN-51 installation to
aircraft such as the Citation and P-3A are included in the lease

and have been installed in the aircraft.
3.4.3 Emergency Battery

In accordance with the lease agreement, Litton Aero
Products has supplied emergency batteries designed to fit the
pallet assemblies which assures continued INS operation in the

event of any temporary electrical power interruption.

e
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3.4.4 Insurance

The leases provide for insurance against all risks or
loss or damage from every cause for full replacement value, as

well as public liability including personal injury and property damage.
3.4.5 Installation and Removal

In accordance with the lease, Litton Aero Products is

providing field service support for the complete installation, checkout,

and removal of the INS from the aircraft.
3.4.6 Return of INS Units to Litton

On May 1, 1975, the LTN-51 inertial navigation system,
including the INU, CDU, MSU, battery, and pallet assembly, was
removed from the Citation aircraft at Cable Airport in Upland,
California. The following day, May 2, 1975, it was delivered to
Litton Aero Products in Woodland Hills, California, thus terminating

the lease agreement and the insurance contract,

Litton field service removed the inertial navigation
system from the Navy P-3 aircraft in Denver, Colorado, on 4 and 5

April 1975,

Both inertial navigation systems were in good condition
when received at Litton's factory and letters to this effect are

included in Appendix B with the certificates of insurance.

3¢5 Administer INS Lease

An MRI program manager is administering the provi-
sions of the lease agreements, reviewing all invoices and resolving

any conflicting items.

1-14.8

T




3.6 Citation Crew Support for HEART and FLAME Programs i

3.6.1 Complete Consulting Agreement

o

A consulting agreement has been negotiated and a Citation
rated aircraft captain will be available to support all HEART and
FLAME operations, associated meetings, briefings, and alerts

throughout the deployment period at Wallops Flight Center.
3.6.2 Relocate Crew

The MRI Citation support crew, consisting of an aircraft 4
captain, copilot/crew chief, and instrument operator have been
relocated to the vicinity of Wallops Flight Center and will remain

there for the duration of the program.
3,6.3 Availability of MRI Program Manager and Sensor Technician

The MRI program manager and sensor service technician
are available on an 'as needed'' basis, The program manager is

monitoring the following:

a. Activities of the crew

it

b. Status of the Citation aircraft and its instrumen-
tation package
C. Procuring and shipping consummable and crew
support items as they are needed 1
d. Arranging the replacement of crew members as
the need arises
{ e. Closely monitoring the packaging, shipment, and
g receipt of data
f. Handling customer's requests for unspecified

’ services as the need arises.

1-4.9
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3.6.4 Logistic Support

All consummable supplies, spare parts, and maintenance
kits required to operate the Citation aircraft and its sensor package
have been procured and shipped to Wallops Flight Center to be used
as needed throughout the program. An MRI program manager is in
daily contact with the support crew and any needed supplies or spare
parts are shipped as soon as possible. In this way, the aircraft and
any part of the sensing package is available for program support in

a 100 percent ready condition almost constantly.
3.6.5 Supply Foil Replicator and Portable Instrument Package

One foil replicator, MRI Model 1220A, and one MRI

portable instrument have been provided for the duration of the program.
3.6.6 Citation Flight Hour Summary and Flight Approvals

Appendix C contains a summary of the Citation flight
hours and the individual who authorized each particular flight
during this reporting period.

4, DATA ANALYSIS FOR HEART, FLAME, AND SAMS

4.1 Flight Operations

Flight operations supported by the MRI Citation during
the period between 1 January and 30 April 1975 are listed in the

table below,
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MRI CITATION FLIGHT OPERATIONS

No, of Quick Look Preliminary Final Mission

Date Missiles Report Data Summary Data Summary |
(1975) Operation Fired Issued Issued Issued Status |
1-9  SAMS 2 1-9 N/A 4-4 Complete "
i-20 HEART 1 1-24 2-14 Note ] Pending info, ]
2-4  FLAME 1 2-4 N/A N/A Complete |
3-5 HEART 0 N/A N/A Note 2 Pending info.

l 3-7 SAMS 1 3-8 N/A 5/16 Complete
4-10 Navajo/Cit. 0 4-14 N/A Note 3 In progress
4-15 SAMS 1 4-15 N/A Note 4 In progress {
4-25 Radar/Navajo/ 4
Cit. Correl, O N/A N/A Note 3 In progress '
4-28 Radar/Navajo/
Cit. Correl. 0 N/A N/A Note 3 In progress

Note 1: Awaiting final decision from AFCRL on final data format.

Note 2: Formvar photographs have been prepared for comparison
with holograms. Presently awaiting instructions from AFCRL
regarding interfacing with SAI.

Note 3: Processed data will be supplied to Don Takeuchi, MRI, for
input to the TWCI evaluation program., AFCRL tapes will also be

supplied to support radar correlatious.,

Note 4: Preliminary printouts of the data were supplied to A, Barnes,
AFCRL, on May 8, 1975. A formal report is now being prepared.

4,2 Data Deliverables

# Reports issued to AFCRL for the SAMS operations on
Januar 9, March 7, and April 15 and for correlation flights on

% April 2¢ and April 28 require a digital tape to be prepared as a

deliverable. The original format for the tape provided six second

averages of the measured and calcuiated parameters, but as of May 5,
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the AFCRL requirement has been respecified to be 1 second averages

for all runs.

Since this notification, the MRI software has been
modified accordingly and the six second tapes prepared for January 9
and March 7 have been replaced by one second tapes, All future

digital tapes will provide 1 second data,

4,3 Request for Transfer of Imanco Funds

As stated in MRI Report 75R-1237, the image equipment
has not been of sufficient value to warrant its use for analysis of the
replicator data, As a consequence, a letter dated 1 May 1975 was
sent by MRI to Captain Huston, DNA, requesting that the below line
Imanco funds be transferred to labor dollars to allow MRI cloud
physicists to interpret the crystal replicas for all flights including
Navajo/TWCI/Radar correlation flights which involved the use of the
Citation aircraft. A copy of the letter is included in Appendix D,

5e ACTIVITIES DURING THE NEXT REPORTING PERIOD

MRI will continue to reduce and analyze data acquired
during aircraft sampling missions flown from Wallops Flight Center
and be responsive to any additional requests by AFCRL in relation

to these activities.
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APPENDIX B
LITTON INS CERTIFICATE OF COMPLETION
AND INSURANCE DOCUMENTS
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AERO PRODUCTS

3 June 1975
In reply please reference:
MEM 75-00-1046

Meterology Research, Inc.
464 West Woodbury Road

Box 6737

Altadena, Calitornia 91001

Attention: Dr. Bob Davey

Subject: Purchase Order 45440-744, Certificate

of Completion

Gentlemen:

The following LTN-51 Inertial Navigation Equipment was leased
under the subject Purchase Order from 1 December 1974 through

4 April 1975:

One ea. Inertial Navigation Unit, P/N 663450
One ea. Control Display Unit, P/N 663550

One ea. Mode Selector Unit, P/N 663570
One ea. Battery Unit, P/N 500012-01 p
One ea. Pallet Assembly, P/N 451835-01

This is to certify that the subject Purchase Order is complete
and that all of the above listed equipment has been returned
to Litton in good condition, as of 5 April 1975.

Enclosed is the Certificate of

Field Engineering services were performed on 4 and 5 April
1975, to remove the equipment from the Navy P3 aircraft in

Denver, Colorado.

If we can be of additional service to you, please contact me

at (213) 887-3146.

Very truly yours,

LITTON SYSTEMS, INC.
Aero Products Division
S S N .

% D o p e
s /
Mar jorie Massey ¢
Contract Administrator

O ke,

MM: dm

Enclosures: Certificate of Insurance

Insurance which verifies that.
the equipment was covered for the period of the lease.
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Certifiiats of Soof Inscsance o

THIS 15 TO CERTIFY that LITTON INDUSTRIES, INC. has adopted a plan known as
THE LITTON SELF INSURANCE PLAN for the protection of its subsidiaries and divisions against
all risks of physical loss to real and personal property, subject to a limit of $500,000 for any one loss
or occurrence
The protection provided is subject to the terms and conditions contained in the description of THE

LITTON SELF INSURANGE PLAN which includes but is not limited to the perils of fire, lightning,
wind and hail, explosion, aircraft, vehicle. smoke. tio, civil commotion, vandalism, malicious mischief,

flood, water damage, burglary, theft, transit risks and perils of the seas as defined in —
fa) American Institute Time Hull Form ( January 1, 1964)
{b) American Institute Lake Time Hull Form (March 1, 1963)
(¢) American Institute Time Hull Deductible Average Clause (November I, 1964)
(d) Collision Clause, including Towers and Extended Towers Liability Endorsement

THE LITTON SELF INSURANCE PLAN includes coverage of the property specifically described n
the lease or the agreement between —

AERO PRODUCTS DIVISION
Litton Systems, Inc.

and
Meteorology Research Lab

P. O. Box 637
Altadena, California 91001

Description of Property

1 - LIN-5]1 Inertial Navigation System

1 - Battery Unit - P/N 500012-01

1 - Pallet Assembly - P/N 451835-01
with 40-foot cables.

Lease Period: 12-1-74 to 4-30-75

If the above property should be deleted from coverage under THE LITTON SELF INSURANCE
PLAN. ten (10) days written notice of such deletion shall be sent to the above address.

LITTON INDUSTRIES, INC.

6 h Crescent Drive. Beverly Hills, California 90210

5-22-75 Alnpsa @ _\(:%

Date
Director of Indrance
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m AERO PRODUCTS 1050 Buroank Boulevard, Woodiand Hl

Litton
3 June 1975
In reply please reference:
MEM 75-00-1045
Meterology Research, Inc.
464 West Woodbury Road
Box 637
Altadena, California 91001
Attention: Dr. Bob Davey
Subject: P.O. 43389-744, Certificate of Completion
Gentlemen:
The following LTN-51 Inertial Navigation Equipment was leased under the
sub ject Purchase Order from 5/31/74 through 1 May 1975:
One (l) ea. Inertial Navigation Unit, P/N 663450
One (1) ea. Control Display Unit, P/N 0663550
One (1) ea. Mode Selector Unit, P/N 663570
One (l) ea. Battery Unit, P/N 500012-01
One (1) ea. Pallet Assembly & Cables, P/N 452064-02
This is to certify that the subject Purchase Order is complete and
that all of the above listed equipment has been returned to Litton
in good condition, as of 2 May 1975.
Enclosed is the Certificate of Insurance which verifies that the
equipment was covered for the period of the lease.
It we can be of additional service to you, please contact me at
(213) 887-3146.
Very truly yours,
LITTON SYSTEMS, INC.
Aero Products Division
{2 -

) ) § 2 21y
SRy AV N S NIy
Marjorié Massey
Contract Administrator

MM :dm
Enclosure: Certificate of Insurance
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- THIS IS TO CERTIFY that LITTON INDUSTRIES, INC. has adopted a plan known as
THE I.ITTON SELF INSURANCE PLAN for the protection of its subsidiaries and divisions against
all risks of physical loss to real and personal property, subject to a limit of $500,000 for any one loss
or occurrence
I'he protection provided is subject to the terms and conditions contained in the description of THE
LITTON SELF INSURANCE PLAN which incli:des but is not limited to the perils of fire, lightning,
wind and hail, explosion, aircraft, vehicle, smoke, riot, civil commotion, vandalism, malicious mischief,
flood, water damage, burglary, theft<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>