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FOREWORD

This report documents the scientific and engineering design
requirements and accomplishments of the Limb Radiance Inversion
Radiometer (LRIR) Protoflight Model.

Tris report is prepared per the requirements of GSFC specification
$-250-P-1B, Contractor Prepared Monthly, Periodic and Final Reports
in accordance with the requirements of paragraph 4.7.5 of the

LRIR Statement of Work as amended by NASA/GSFC TWX 08/1503, dated
2 October 1974, :

The LRIR Protoflight Model has been assembled and has successfully
completed the required environmental, performance and calibration
test programs. The measured instrument performance indicates that
the scientific objectives will be met with the data processed by
the LRIR system, Protoflight Model, from the orbital Nimbus F
Spacecraft.

Management of the LRIR program was the responsibility of the
Honeywell Radia*ion Center (HRC) of Honeywell Inc. In addition.
HRC responsibility included system analysis and mechanization, A
design of the Frame Housing Assembly and scan control electronics,
and system integration and test. The data processing electronics
and bench check units were designed, fabricated and tested by the
Honeywell Aerospace Division, St. Petersburg, Florida. The Solid
Cryogen Cooler was designed, fabricated and tested by the Lockheed
Missiles and Space Company, Palo Alto, California.

HRC acknowledges the technical and program guidance provided by
the GSFC ERTS/Nimbus Project Office personnel under the prozram
technical direction of Mr. Lou: Wilson. We also acknowledge the
contribution of the Science Team, headed by Dr. Johrn Gille,
Prinicpal Investigator, National Center for Atmospheric Research,
Boulder, Colorado with Co-Investigators Dr. R. A, Craig, Florida -
State University Department of Meteorology, Dr. F. B. House,
Drexel Universiiy, and Mr. J. C, Bates of Honeywell Radiation
Center. The Science Team provided scientific objectives, radio-
meter performance requirements, orbital data reduction requirements
and willl be reszonsible for orbital data interpretation, analysis,
and publication.
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Section 1 is a detailed. description of englneerlng and sc1ent1f1c
objectives of the LRIR experiment. The LRIR ‘system requirements
. - . as specified in GSFC-S-450-Pl1 are defined in Section 2. Section
- . 3, LRIR System Description, describes the LRIR subassemblies and
“how the LRIR experiment operates. This section also - includes a
detailed descrlptlon of each’ of the maJor subassemblies.’

Section 4 def1nes the basic mechanlcal electrlcal and thermal
interfaces between the LRIR expeximent and the Nimbus F Spacecraft.
This section also includes the weight and center of gravity. of
the FHA, an electrical measurements list, a commands list, data

’ }proce551ng operatlon and data word format.

“Section 5 descrlbes the PM quallf1cation and acceptance test program.
This section includes a summary of system and subsystem tests.

The test data are summarized in tables tc give the reader an over-
all view o6f each test parameter and possible trends of the per-
formance of the LRIR exper1ment.

~Section 6 contains the calibration curves generated by primary
calibration in thermal-vacuum of the LRIR. Systems deviations from
spec1f1cat10n requirements are. SpeC1fled in Sectlon 7.

Section 8 briefly describes the Bench Checkout Unit and how it
operates. A more detailed description of the BCU is contained in
the Instruction Manual for the Nimbus'F Bench Checkout Unit (BCU)
DUG8S08A1 - (HRC document 74- 9) whlch was submltted to GSFC as part

38 " of the PM data package.

Section 9 is a brlef deflnltlon of . the safety cr1ter1a of the
LRIR . :

Sectlon 10, New Technology, 1nd1cates that durlng the PM phase of
the LRIR progtam,‘thete was no new technology developed. ,

. Section 11 provides conclusions and recommendations. .
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SECTION 1
LIMB RADIANCE INVERSION RADIOMETER EXPERIMENT

1.0 INTRODUCTION

The Limb Radiance Inversion Radicmeter (LRIR) is a multiband
calibrated radiometer operating in the 8.5y to 30u spectral

region that will be flown aboard the Nimbus F Observatory space-
craft. As shown in Figure 1-1, the LRIR is mounted to the sensory
ring viewing the Earth's horizon with a line of sight angle of

32¢ from the orbital plane. The nominal orbital altitude of the
Nimbus F spacecraft wili be 1100 kilometers in a sun synchronous,
circular, polar orbit. The LRIR experiment views the infrared
emissicn by the atmosphere along a path through the atmosphere

at the planetary limb with space as the background. The radiance .
received deprnds upon the path through the atmosphere defined by
the height or pressure of the lowest point above the surface.

The lowest point is denoted the tangent point, and its height is
the tangent altitude. A scan of the limb results in a radiance
profile, a set of measured radiance values as a function of tangent
height. -

The sclentific objective of the LRIR experiment is to acquire the
vertical distribution of temperature, ozone, and water vapor from
the lower stratosphere (z15KM) through the stratosphere and into
the lower mesophere (Z60KM) on a global scale. Radiance proflies
measured in two spectral intervals centered in slightly different
positions within the 15 micron CO2 band will be inverted to .obtain
temperature profiles from an altitude of *5 kilometers tc more

than 60 kilometers. Radiance profiles measured at 9.6 microns and
25 microns will be used to determine ozone and water vapor density
profiles respectively. Data presentation will be in the form of
vertical soundings and daily maps will be available for use by the
scientific community. The maps and the associated profiles are

the observational data with which many of the basic questions about
the properties and behavior of the stratosphere and lower mesophere -
may be answered.

The radiometer employs (HgCd)Te detectors for all channels cooled
to 65° Kelvin using a solid cryogen cooler. The primary cryogen
coolant is solid methane at 62° Kelvin and the secondary cryogen is
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solid ammonia operating at 152° Kelvin. The four radiance
spectral bands are:

.
~ o

- o (1) coy 14.7y to 15.8u
(2) coz 16.2p to 17.2p
(3) 03 8.5y to 10.3u
(4) H0 22 p to 30 u

Randa-aas s LI FTIECR

A programmed scanning mirror in the radiometer causes the field

of view (FOV) of the ozone channel followed by the FOV of the

CO2 channels and finally the H50 FOV to make a vertical scan

across the Earth's horizon. The resulting COp limb radiance

, A profile data is then operated on by inversion algorithms during

{( the ‘data reduction to determine the vertical temperature distribution.
' The inferred temperature profile, together with the radiance

profiles in the ozone and water vapor bands, are then used to infer
the vertical distribution of the constituents.
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g S 1.1 EXPERIMENT SCIENTIFIC OBJECTIVES
Ll The scientific objectives of the LX1P experiment are to:
s ‘ » Acquire the present global measurements of temperature,

Lo - ozone and water vapor in the stratosphere and lower
:. . mesosphere for one year.

_ e Obtain the geostrophic compcnent of the wind up to a
level of 1 mb ( 48 KM) through integration of the
temperature profile in the thermal wind equation.

) : In order tc¢ meet these scientific objectives, specifications were

pc placed on the instrument design to provide observations of

: sufficient quality to yield atmospheric parameters to the desired
accuracy and precision. In this regard, minimum scientific data
requirements were established as indicated in Table 1-1. Instrument
specifications were determined relative to these data requirements.

remeviipe e o s

| Referring to Figure 1-2 LRIR reczives infrared radiation emitted
k by the atmosphere along a ray pathk that may be identified by the
height (tangent height) or point (tangent point) closest to the
surface. The atmosphere may be scanned by sweeping the view
direction from tangent heights, H<0 (ray path intersecting the
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PARAMETER
Temperature
Ozone

Water Vapor

Geostrophic
Winds

TANGENT POINT

TANGENT HEIGHT

TO SATELLITE

Figure-1-2 LRIR LIMB VIEWING GEOMETRY

Table 1-1

LRIR SCIENCE DATA REQUIREMENTS

VERTICAL RESOLUTION

ACCURACY OF PARAMETERS
+3°K RMS 2 km

+20% 2 km

+50% 5 km

+10 m/sec Mandétory levels
(Thickness

+70 mor T

to 11,.5°K)

1-4

ALTITUDE RANGE
15-54 km
15-48 km (lmb)

15-48 km (1mb)

to 48 km (lmb)
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 surface) to large positive values. The following advantageous

features of limb scannlng are apparent from a consideration of
Flgure 1-2.

. Hloh 1nherent vert1ea1 resolution - for geometrlc reasons,
none of the signal originates from below the tangent height,
and most of the si:mals originate from a3 to 4 v layer
above the tangent helght.; o :

_e. Zero background - for H>O all radlatlon recelved originates
. in the atmosphere, and all variations in signal are due to
the atmosphere since the radiation is viewed agalnst the
cold background of space. -

o‘large opacity - there is at least 60 times more emittlng
gas along a norizontal path grazing the surface than there
is in a vertical path to the tangent point. Thus, the
atmosphere can.be sampled to high altltudes.

There ale, of ‘course, dlsadvantages assoclated thh these features.
The long paths mean that even for rather transparent spectral
regions, it will be difficult to see the solid surface of the
planet. A cloud along a path will act as a body of infinite

 opacity, and may cause a considerable alteration in the emerging

radiation. For the earth's atmosphere, where clouds are present
but usually below the tropopause, these facts suggest that reliable
operation will be limited to the upper troposphere and above,

" with even the coverage of the upper troposphere and lower stratosphex

being subject to occasional interruption. For these reasons
parameters are- determlned only above a nomxnal tropopause at 15 KM

The radlatlve transfer equation for a non-scatterlng atmosphere in

.local thermodynamlc equ111br1um may be wrltten as-

Ii(h) J’ Bj [T] i (h, x) 4y

where Iis the observed radiance at . tangent height<h‘and spectral

_interval i, B is the Planck blackbody function, T is temperature,
X the distance coordinate along the ray path, with the origin at

the tangent point and positive toward the satellite (located at
+=) and t(h;x) the mean transmission in the spectral interval along

" the path with tangent height h from point x to the satellite.

.
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The temperature inversion problem is to determine B and therefore
T from measurements of I, assuming that dt/dx is known. The
latter requires that the distribution of the emitting species

be known, which in practice means that radiation from COj, a
uniformly mixed gas, is measured. In the limb problem dt/dx is
also crucially affected by the atmospheric structure.

In the case of the constituent inversion problem, the solution
to the temperature inversion problem is utilized with the con-
stituent limb radiance profile to determine the gas concentration

- as a function of altitude. In equation (1), B is known from the

temperature solution. The constituent concentration is determined
as an implicit function of transmission tj(h; x). '

In order to gain a better understanding of the data to be observed
by the LRIR, examples of calculated profiles of limb radiance

as functions of tangent height are sl-~n from a mid-latitude
winter sounding in Figure 1-3.

- The _broad carbon dioxide (BCO) channel refers to the 585-705
cm-1 spectral band, and the narrow carbon dioxide (NCO2) channel
covers the band 630-685 cm~l. The signals are quite similar at
upper levels where only the strong lines near the centers of the
‘bands are contributing. Below about 30 KM, the BCO, signal is
much larger because the weaker lines in the band wings are ccn-
tributing energy from the lower atmosphere. The dashed line
presents the difference between BCO2 and NCO; signals, cr the
contribution from the 565-630 cm~l and 685-705 cm-1 regions.

The steeply sloping portions of the curve occur in situations
where the whole path through the atmosphere is moderately trans-
parent, and an appreciable portion of the signal is coming from
the ‘tangent point. Figure 1-3 demonstrates the BCOy-NCO, regions
provides better information on the lower levels of the stratos-
phere and upper levels of the troposphere.

The profile depicting inversion results in Figure 1-3 illustrates
realistic solution for typical instrument errors, defined by the
science requirements in Table 1-1. These results are based on
computed limb radiance profiles in Figure 1-3 which were perturbed
for realistic radiometer and pointing errors, and included in

1.5 KM instrumental field-of-view. The procedures for inverting
CO2 radiance profiles to obtain a solution to the temperature
distribution are presented in a paper by Gille and House (1971).

1-6
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The inversion results in Figure 1-3 are'in.good agreement with

- the initial temperature’profile up to about the 55 K1 level and

becomes more and more ''saw toothed" in nature at higher altitudes.

' ‘This characteristic is caused by the random error of the instru-
ment which dominates the natural limb signal at high altitudes.

The signal to noise ratio of the measurement becomes increasingly
smaller as the LRIR scans to higher altitude. One obvious pro-
cedure to employ in the data processing of real observations is-
to mathematically smooth the solutions at higher altitudes and/or
average adjacent limb profiles before inversion. Mathematical

‘smoothing techniques can also be employed durlng the inver51on
._procedure.-

_Solutions to the constituent inversion problem for vertical

distributions of ozone and water vapor show similar characteristics
as the-temperature inversion results shown in Figure 1-3.- The -
sawtoothed character of the solution develops in a similar manner
and altitude for ozone distributions, but at about-a 40 KM level
for water vapor distributions sincé the signal to noise ratio

_degrades at a- lower altitude.
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SECTION 2
SYSTEM REQUIREMENTS

2.0 INTRODUCTION

The LRIR system design has evolved from (1) the initially con-
figured design requirements as specified in GSFC-S-450-Pl1,°

"GSFC Specification, Limb Radiance Inversion Radiometer,' dated
April 1, 1970, (2) the Nimbus E and F Experiment Interface Require-.

" ‘ments Handbook, X-450-68-415, revised June 1973, (3) the LRIR

Study Phase Final Report, P.D. No. 1CDY-G400, dated August 1970,.
and (4) GSFC Quality Control Documents. The as-configured system
performance requirements and design goals are discussed in the

following paragraphs of this section identifying the radiometric,

. electronic measurements, and opto-mechanical requirements of the

LRIR system. , The qualification vibration test levels and the
thermal vacuum cycle to which the LRIR Protoflight was tested
are also identified.

Performance test data and an evaluation of the data obtained for
the PM LRIR system is discussed in Section 5 of this report. The
LRIR electronic and mechanical assemblies have been designed to -
meet the envirommental requirements of GSFC specification $-320-
EN1l, "Envirommental Test Specification for the ERTS (A and B) and
Nimbus (E and F) Observatory Systems, Subsystems, and Experiments,’
dated November 1971. In addition, LRIR system interface with the
Nimbus spacecraft have been designed to meet the requirements of
GSFC specification X=450-68-415 "Nimbus E and F Experiment Inter-
face Requirements,'" as revised June 1972. '

2.1 RADIOMETRIC REQUIREMENTS

The LRIR radiometer consists of four spectral channels; ozone,
carbon dioxide (narrow and wide band) and water vapor. A vertical
scan of the earth's limb detects the presence of each constituent
with the requirements as noted in Table 2-1. .

2.2 DETECTOR REQUIREMENTS
2.2.1 Detector Selection Criteria

The detectors are (HgCd )Te, selected to mee: the spectral and
noise equivalent radiance.(NEN) requirements specified in Table 2-1.

s

2-1
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SRS 2.2.2 Detector Operating Temperature
- ~ _The (Hng)le detectors are ‘maintained at a temperacure of 65 +2 oK
2 '::during the orbital life of the instrument.
3§ v LT 2.2.3 Detector Bias Power ,.'
: Twenty (20) milliwatts is the maximum power to be diSSipated in:
P the (HgCd )Te detectors during operational performance.
g 2.3 COOLER REQUIREMENTS
| Lo o -
SRR ' P :
L b ~2.3.1 CryOgen Selection '
S - o ‘
oy A dual stage cryogen cooler uses solid methare, CH4, as the
b primary cryogen to cool the detectors and solid ammonia, NH3,
A as the secondary cryogen to cool the thermal shield which surrounds
i il - . the methane tank.
é o . 2.3.2 Cryogen Temperatures"

oo The methane temperature is 64 +2°K and the ammonia temperature is
A 152K nominal. “(NOTE: . The 64°Kmethane ‘temperature with the. ‘temp-
-y f@' erature drop at the DCA/Cooler interface provides, the 65°K nominal .
A A detector temperature) : S _

B .??' E , 2.3.3 o Operational Life

i L The design goal for the cooler lifetime is a one- year orbital
ST life. |

I ’ : ' ' : o .

¢ 2,3. 4 Physical Characteristics

r——
}

The cooler phy51ca1 requirements are:

P ' diameter - 14 inches maximum
T B length - 30 inches maximum - :
: weight - 54 pounds max1nmm (1ncluding detector capsule assy)

e 2.3.5 Cooler Vacuum Shell Temperature

P 'The'cooler;vacuum shell ambient temperature is 295°K.

2.3
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2.3.6 Vent Line Requirements
The cooler has six plumbing lines for servicing the cooler.

methane common fill and vent line
ammonia common fill and vent line
vacuum line

DCA vent line

LN2 cooling inlet line

LNz cooling outlet line

The methane, and ammonia and vacuum lines have two types of
valves installed on each line: (1) one type for ground servicing
by manual operation, and (2) second type for orbital operation
belng opened in flight by firing a dual explosive squib located
in each valve.

2.3.7 Squib Requirements'

Dual electro-explosive ICC Class C Pressure Cartridges,‘G.E.

part number 47D213540, with a firing current of 5 + 0.1 amperes
are inserted into the Pyrotechnic Valves on the cooler lines during

final pre-launch checkout at WIR.

2.4 ELECTRONIC REQUIREMENTS
The LRIR electronics provide a twelve bit data processing system
for the four data channels which interfaces with the HDRSS recorder

of the Nimtus spacecraft. The requirements of the system elec-
tronics are as follows:

2.4.1 Primary Excitation

The nimbus spacecraft provides -24.5 Vdc #29, excitation.

2.4.2 Maximum Power

The LRIR maximum available power is 34.5 watts.
2,4.3 Commands

Eleven command lines control the LRIR system initiated from the
spacecraft by a ~24V pulse with 40 millisec duration.

-
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2.4,4

Electronics On - commands LRIR power on.
Electronics Cff - commands LRIR power off.

Heater On - commands the heater within the detector
capsule assembly (DCA) to be on.(To be used should
the cold window in the DCA become frosted.)

Heater Off - commands the heater in the DCA to be off.

Cage - commands the scan mirror tc be driven against
a soft stop.(Used duriag spacecraft launch).

Uncage - removes the cage command.

Acquisition Scan - commands the scan mirror to be
driven through a 10 degree line of sight (LOS) scan
angle centered about the optical center-line of the
system.

Adaptive Scan - commands the scan mirror to be driven
through a 10 degree LOS scan angle for a period of 40
to 80 milliseconds before automatically switching to
a 2 degree LOS scan. During the 40 to 80 millisecond
10° LOS scan, the earth 1imb is being scanned at a 1
degree per second rate to determine the scan angle at
which 407 of the narrow band CO; peak radiance has
occurred. When the changeover from the 10¢ scan to
the 2° scan occurs the scan miirror is centered at the
scan angle corresponding to 407 of the peak CO;
radiance profile.

Calibrate Override - overrides the calibration cycle .
which occurs every 32 seconds during the adaptive
scan.

Space Calibrate - commands the scan mirror to a space
hold position.

Source Calibrate - commands the scan mirror to the
In-Flight Calibratoi (IFC) source hold position.

Digital B Channels

There are eight modes for system operation, and mode status is
displayed on VIP (versatile information processor) digital B
telemetry. Digital B telemetry consists of one bit words, the
off condition being -0.5 # .5 Vdc and the on condition being
-7.5 #2.5 Vdc. '

2-5
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® Electronlcs On/Off - indicates status of -system
operaticnal condltlon. : :

® Motor On/Off - indicates status of scan mirror hang
' either caged for the launch or uncaged for normal
system operatlon.

. ® Heater On/Off - indicates status of the heater in the
DCA being either on or off. . :

® Acquisition Scan - 1nd1cates status -of system operatlon '
being in an acquisition scan mode. : '

L4 Adaptlve Scan - indicates status of syqtem cperatlon, :
being in an adaptive scan mode. o

L jCallbrate Overrlde - indicates status of system
-.operation in a callbratlon overrlde condltlon. .

. Space Calibrate - indicates status of the scan mirror
_p051t10ned at the space hold position..

® Source Callbrate - indicates status of the scan
- mircror positioned at the IFC source hold position.

_2.4;5 ~fu Ana10g Channels

There are fifteen analog housekeeplng functlons which are con-
tinuously monitored whenever .gystem power is applied. The range
of the voltage monitored is 0 to -6.375 volts dc which the VIP
converts to a 10 bit word, thus providing 6.25 millivolt resclu-
tion. A list of the 15 housekeeplng functions monitored, the
operationa! range, the scale factor, -and the accuracy of each
readout is shown in Table 2-2.

2.4, 6 . -Data Bit Resolutlon and Rate'

The' LRIR data words are 72 bits in length formatted to 1nc1ude a

six 12 bit bytes. The.six bytes are: (1) CO; narrow iand

radiance, (2) COp wide band radiance, (3) 03, (4) Hp0, (5) mode/

status, anﬂ (6) word synch/parlty bit. The bit rate is 4 KHz. -
2 4.7 Jamp11ng Rate

Data. sampllng occurs at a nominal rate of 45 samples per second.
Data sampling is strobed during the linear. scan cycle upon

réceipt of the scan angle ercoder 51gna1.' During scan turnaround,
scan stopped or scan slew, data sampling is on a fixcl time basis

2-6
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Table 2-2

VIP AMNALOG HOUSEKEEPING CHANNELS

ANALOG CHANNEL

{ RANGE SCALE FACTOR ACCURACY
.j% o Scan Metor Current +363 to =330 ma | 110 ma/v +10 ma
i -15 Vdc Monitor 0to 18V 2.94 V/V +.1V
RVDT -7° to +35° LOS | 6.7° LOS/V +.4° 10S
Detector Temperature 61°K to 73°K .5V/°K +,1°K
Cryogen.Shield Temp. 619K to 261°K .032 v/ek +.1°K
Cryogen Ext. Temp. 273°K to 336°K ‘| .1 V/°K +1°K
4] Primary Optics Temp. 273°% to 336°K | .1 V/°K +1°K
£ Baffle Temp. 1 273°K to 336°K | .1 V/K +1 oK
S Baffle Temp. 2 273°K to 336°K | .1V/°K +1 K
4 Blackbody Temp. 273°K to 336°K | .1 V/°K +1 oK
» Scan Motor Temp. 273°K to 336°K | .1 V/°K +1°K
S OMP Housing Temp. 273°K to 336°K | .1 V/°K +1°K
f% ' IFC Source Temp. 290°K. to 353°K | .1 V/°K +.1°K
i IEU Temperature 273°K to 336°K | .1 V/°K +1°K
FEU Tempereture 273°K to 336°K | .1 V/<K +1°K
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' 2.4.8 - Clock Input

- The Nimbus command clock . supplles a 200 KHz coherent frequency
_.for use by the LRIR A/D converter. :

A 2 4, 9 ' Electronlc Modules

There are two LRIR electronlc subaasemb]1es, (1) the data
processing Interface Electronics Unit (XEU) and, (2) the scan
controller Frame Hou51ng Assembly Electronics Unlt (FEU). The
IEU is a standard Nimbus 3/0 module and the FEU is a standard -

‘Nimbus 2,0 module. - The preamplifier assembly is packaged within
"the opto-mechan1ca1 assembly of LRIR designatéd as the Frame :

Housing Assembly. The module material, finish, and detail

-Packaging requirements are designel to meet all the requirements

in Section II of GSFC Specification X- 450 68- 415 ~with appllcable

waivers 11sted in Section 7

2.5 MECHANICAL REQUIREMENTS

2.5.1 Radlometer

:The radlometer con51sts of an opro mechanical package (OM?) and
the solid cryogen cooler, both secured to the radiometer mountlng
plate’ wh1ch is bolted to the Nlmbus sensory rlng.

2. 5.2 - Mechanlcal.Interface

The radlometer has ‘been de31gned to meet- the 1nterface require-
ments of Section II in GSFC specification X- 450-68 415, The

" LRIR installation drawing HRC. part number LK115A ‘provides.the

volumetric constraints and the phy51ca1 dlmen51ons of the = .

radlometer.

2.5.3 Mountlng Pads

The radiometer mount has three pad surfaces contact-with the
Nimbus sensory ring. The pad surfaces are co-planar to *.0005
and have a surface f1n1sh of better than 32 RMS.

s

:2 5. A f Radlometer Flnlsh

The radlometer flnlsh is Alod1ne 600 per. MIL-Spec -C- 3541 C.
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2.5.5 Radiometer Alignment Surface

An aligmment pad is provided on the OMP housing to serve as an
alignment surface during integration with the spacecraft. The
alignment pad has a surface finish better than 32 RMS and has been
aligned parallel to the radiometer mount to within plus or minus
6 arc minutes. - '

2.5.6 Radiometer Weight

The LRIR radiometer and associated electronic modules weights
are as follows:

OMP and Cryogenic Cooler 90.5 1bs
‘Mounting Plate and Plumbing 24.0 1bs
JEU Electronic Module 9.8 1bs
FEU Electronic Module 6.2 lbs
| 130.5 1bs
2.6 ENVIRONMENTAL REQUIREMENTS
2.6.1 Vibration Test Levels

The qualification vibration test levels as approved by GSFC

_are shown in Tables 2-3 and 2-4.

2.6.2 ‘Thermal Vacuum Cycle

The thermal vacuum cycle to which the PM LRIR was exposed, con-
sisting of a power on survival from -5°C to +45°C for a 96 hour
period and performance test cycle from +15°C to 35°C is shown in
Figure 2-1.

2-9
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Table 2-3

FHA VIBRATION TEST LEVELS
11 March 1974

SINUSOIDAL VIBRATION SURVEY
S to 2000 Hz at 2 oct/min 1 g peak limited to 0.5" D.A.

FULL LEVEL SINUSOIDAL VIBRATION LEVELS

FREQUENCY RANGE AMPLITUDE
Hz (g O to peak)
5-14 3.0%
14-20 1.0
20-36 ' 3.0
36-42 2.0
42-200 - 4 3.0
200-2000 5.0

NOTE: Sweep rate at 2 octaves/minutes limited to 0.5 D.A.

RANDOM VIBRATION LEVELS

FREQUENCY RANGE ‘ P.S.L.
Hz (g2/Hz
20-40 ' 0.02
40-2000 B 0.09
RMS accel. - 13.3 g
Duration - 2 minutes
2-10
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Table 2-4

FHA VIBRATION LEVELS
' 22 May 1974

SINUSOIDAL VIBRATION

v'X Ax1s

' Y,Axis

'Z Axis

AN

{10 - Y000 Hz at .5g

14 - 19 Hz at 1g

{ 10 - 14 Hz -at Zg
19 200 Hz at Zg.,

(10 - 13 HzAat .5" DA i
16 - 25 Hz at 4.7 g's
‘125 - 34 Hz at 4 g's
436 - 46 Hz at 2.4 g's .
Q44 - 120 Hz at 4 g's
- §120.- 165 Hz at 1 g
165 - 200 Hz at 4 g's

| 'RANDOM VIBRATION

'X Axis.

Z Axis

and Y Axis ‘ _ _
.20~ 40 Hz from o g /Hz to 03.g2/Hz

40 - 1000 Hz at .03 g /Hz'.
1000 - zooo Hz. from 03 g /Hz to .01 g2 Hz

20'Hz - 1000 Hz at .03 g?/Hz
1ooo Hz - 2000 Hz from .03gz/Hz to .01 g2/Hz

2-11
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~ SECTION 3
LRIR SYSTEM DESCRIPTION

3.0 INTRODUCTION

The LRIR as illustrated in Figure 3-1 consists of a frame housing
assembly (FHA), a frame housing electronics unit (FEU) and an
interface electronics unit (IEU). The FHA is an integrated unit
consisting of the solid cryogen package, the S/C mounting plate,
and the optical mechanical package (OMP) which mounts to the
Nimbus F Spacecraft cross-beam and sensory ring.” The IEU is a
3/0 bay mounted component and the FEU is a 2/0 bay mounted component,
The solid cryogen package cools the detectors mounted within

the detector capsule assembly (DCA). The OMP provides a stable
optical bench containing the primary optics, the scan assembly,
the light chopper and the preamplifier assembly.

The block diagram of Figure 3-2 shows the LRI® Signal Flow between
the optical mechanical package (OMP), IEU and FEU. The scanning
mirror, its drive motor, all of the optics, detectors and preamps
are shown in the OMP. 1he scan control electronice, motor drive
circuitry, chopper drive, command relays and decoder and VIP
analog signal conditioners are a part of the FEU. The 1EU
contains video processors, sampl: and hold circuits, A/D converter,
data formatting, timing and coatrol circuits, and the power supply
for the total experiment requirements.

The timing and control circuits receive the spacecraft master clock
frequency of 200 kHz for internal timing and control. Spacecraft
time is received and inserted in the data stream periodically.-

The scan mirror is driven by a brushless dc torque motor, usirg a
rotary variable differential transformer to pruvide scan mirzor
positional servo control. For each 40 arc seconds of mirror travel,
a scan angle increment is generated by an encoder and interpreted
by the timing and control logic. Eacn incremental pulse causes
the data sampler to sample and hold each radiance output for con-
versicn to a digital data word. Therefore each radiance sample

is referenced to a known scan angle.

The scan mirror is controlled to oscillate about the limb with
a scan rate of l°/sec LOS by using radiation information from the

3-1
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narrow band COp (14.7 - 15.8p) channel. The detccted narrow-

band COz radiance analog output voltage is measured during the

scan through the limb and used to determine a scan control position.
Other specific commands can be given to the system scan controller
to view space or the internal blackbody reference. A 15 bit
encoder on the scan mirror shaft provides an incremental shaft
position readout with a 1 5 error of less than 5 seconds arc.

The primary optics of the radiometer is a modified Czerny

Turner design and provides resolution of 0.5 mrad over the required
2-degree field of view. The system is afocal with a peam demagnif-
ication of 10. The detector lens system covers a field of view

of approximately 0.1 rad - 6 degrees - and has a speed of f/1.

A ‘schematic of the optical system is illustrated in Figure 3-3.

The Earth's limb spectral energy of 8.5 um to 30 um is directed
through the no>d and baffle assembly to the scan mirror. The

black honeycomb baffle is designed to reduce scattered sunlight

and earth light from impinging . on either the focal plane or the
detector capsule lens. The beam is directed from the scan mirror
to a 18 cm off-axis parabolic mirror through a focal plane sub-
assembly containing a secondary off-axis parabolic-mirror. " The
secondary parabolic re-collimates the energy onto =2 folding

mirror and into the DCA. An Irtran VI lens at 300°K focuses the
beam from the OMP primary optics to a thermal baffle secondary
field stop at the 152°K static sealed dewar (cooled by the cryogenic
package). A .32 cm thick window of Irtran VI behind this stop on the
dewar allows energy into the dewar. [hen back-to-back parabolas
focus to the detector with a final correction from an £/3 to a

£f/1 system by an Irtran VI lens. The parabolic lenses behind the
Irtran VI window operate at 152°Kand the final Irtran VI lens

operates at 65°K.

The primary operating mode of the instrument is the adaptive scan
mode in which the radiometer automatically acquires and tracks
the horizon radiance profile.

During acquisition, radiation information from the narrow band

COp (14.71 - 15.8p) channel is peak detected during the 10 degree
acquisition scan. At the radiance level corresponding tov a nominal
40 Kilometer altitude, a gate is generated within 40 to 80 milli-
seconds after initializing acquisition scan which strobes out the
scan mirror position. This scan mirror position signal becomes
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the reference optical line of sight about which the scan mirror
adapts. System operation automatically switches to an adaptive
scan covering a 2 degree LOS scan with the same scan rate of 1
degree per second. The system remains in the adaptive mode unless
commanded otherwise completing seven scan cycles and updating the
limb track position after each scan through the limb. After
seven scan cycles requiring 28 seconds, a four second calibration
mode is automatically sequenced. During the calibration mode,

‘the scan mirror moves to a space hold position where all the

detectors view space radiance for a period of one second. A
calibration level for all four radiance channels corresponding

to a cold target radiance is recorded. After the one second
period is complete, the scan mirror moves to a position where an
In-Flight Calibrator (IFC) warm blackbody (320°K) autocollimates
onto the detectors. The IFC position is held for two seconds

and provides the second point of a two point calibration for each
signal processing channel. The scan mirror moves back to the OMP
centerline position and awaits the resumption of the adaptive scan
cycle., During the four second calibration sequence, the limb
track position has been held and the scan re-adapts.

Other command modes of system operation include (1) calibration
override, whereby automatic calibration is not required, (2)
indefinite space hold and (3) indefinite source hold. During the
launch environment, the LRIR system power is off but the scan
mirror is caged against a soft stop by applying -24.5 VDC to the
scan mirror torque motor. The mirror is commanded to be uncaged
once orbital status has been obtained.

Severa) days prior to the launch, a final servicing of the cooler
cyrogens is performed. Using LN2, both the methane and ammonia
are cooled to approximately 80°K. Once orbital status has been
obtained, pyrotechnic valves'are fired on the methane, ammonia,
and cooler vacuum lines. By the process of space pumping on the
cryogens, the methane cools down, stabilizes in about one week
and controls the detector temperature at 65°K, The ammonia temp-
erature warms up tol52°K and stabilizes.

3.1 OPTICAL MECHANICAL PACKAGE (OMP)
Figure 3-4 is an exploded illustration of the OMP which consists

of the housing and baffle assemblies, the scan mirror assembly,
the primary parabolic mirror, the foca! plane assembly, the

3-6
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mounting plate, and the pteamplifier electronics assembly.’

3.1.1 'Opticai Mechanical Package Housing

~ The Optlcal Mechanical Package is the structural support for the
- optics associated with the scanning-system. The structure is

made up of several 1/2 inch and 3/4 1nch thick 606l.aluminum alloy.
members, which are locally "hogged out' to produce light weight
ribbed plates. These plates are brazed together tfo produce a
stiff structural member supporting the large off-axis parabollc~

mirror a<semb1y and the focal plane assembly.

The 1nternal structural components of the OMP must be’ held at a
~uniform constant temperature. Since at several orbital positions
~direct solar energy reaches the interior portions.of the OMP and.

the amount of thermal ‘energy to the interior is .orbit varying,. the
structure must be shielded from this energy. Open celled honey-
comb baffles, painted black and thermally isolated from the
aluminum eructure-by several small pads of laminated glass epoxy,
are assembled to the inside surface of the OMP. The baffles are

. used to attenuate stray light entering the OMP. In addition, thesel

baffles absorb most of the input solar irradiance and re-radiate
it to .space-thus preventing the structure from changing temperature

‘rapidly ir response to the varying energy input. To achieve

thermal isolation, the baffle rear surface and the facing surface
of the structure have a low emittance, and the connecting structure
to the OMP hou51n2 is constructed of a'material with'a low thermal

,conduct1v1ty. The surface area of contact of the connectlng

structure is held to a. mlnlmum

The space exposed external surface'of the OMP- ié”coated with a:
thermal control material, namely; 511ver12ed teflon film.'" This.

.surface acts as a radlator to e11m1nate the excass heat generated

by the power dissipation of the electronics. The same surface

" also absorbs only a small amount of heat .during exposure to solar

energy. For this purpose a material with a low solar absorbance

“and high emittance was selected. All other seauences of the OMP

hOqung are insulated with a multilayer aluminized mylar jacket

which is-installed. after LRIR spacecraft integration.

3.1.2 Mountln5 Plate Assembly

The ‘mounting plate assembly p051t10ns the LRIR on the Nimbus F

'spacecraft.- This is accomplished by drilling and reemlng the

3-8



matching spacecraft holes in the mounting plate flange with a
interchangeable drill template. In addition to structural

support of the LRIR, the mounting plate provides a vacuum tight
seal for the solid cryogen package, and necessary penetraticns for
the methane, liquid nitrogen, and ammonia lines exiting through
the lower surface of the mounting plate. The mounting plate also
supports the brackets which are provided for the terminating
plumbing lines and to anch.r the pyrotechnic squib valves. The
preamplifier and calibration electronics are housed in the
mounting plate.

The mounting plate is cast from 356-T6 Aluminum Alloy, machined,
and stress relieved. Structural analysis of the mounting plate
shows the first resonance to be greater than 100 Hz.

3.1.3 Focal Plane Assembly

The focal plane assembly contains thc small off-axis aluminum
parabolic mirror, the aluminum folding mirror, a light chopper,
and the inflight calibration blackbody source. The light chopper
optically chops the bundle of light energy at the focal plane
using a 943 Hz tuning fork. Power required for this element is.. -
extremely low because it operates at resonance. A field stop
limiting aperture is positioned directly in front of the light
chopper.

The 45-degree folding mirror directs the chopped bundle of light.
energy from the parabolic mirror to the detector cooler assembly
whare the detector array is located. This mirror is adjusted
during final aligmnment of the OMP and detectors in order to
accurately direct the bundle of collimated light to the detector
array. Access for adjustment of the mirror is achieved through
the aperture in the baffle of tt:z Optical Mechanical Package.

The in-flight calibration source is also contaired within the focal
plane assembly. A Minco heater. blanket is wrapped around the
copper blackbody and maintains the temperature at 320°K. The
temperature of the blackbody is measured by the platinum resistance
thermometer {PRT) buried within the copper blackbody. Every 32
seconds of time the scan mirror autocollimates the infrared energy
emanating from the blackbody back into the detector array providing
the calibration target for the LRIR experiment.

3-9




3.1.4 Primary Mirror.Assembly

‘The Primary Mirror Assembly gathers the collimated energy from |
.the scan mirror and focuses the light energy at the focal plane

and--light chopper. The seven inch octangularly shaped off-axis
paraboic mirror is fabricated from 6061-T6 aluminum alloy and

'stress relieved. A silicon monoxide overcoat protects the

aluminized mirror -surface.- A three pad mounting surface is
provided on the rear surface of the mirror. - This surface is

- undercut to minimize bending stress from being introduced into

the reflective surface of the mirror. Additionally the three
mounting pads are lapped flat to within 24 microinches. The holder
to which the mirror is bolted and pinned is similarly treated to.
minimize bending stresses from being transmitted to the. reflectlve

surface of the mirror. After final optical alignment of the OMP

optics, the primary mirror mount is pinned to the OMP.housing.

f3:1.5 ';‘Scan Mirror Assembly

The scan mirror assembly consists of an incremental encoder, a

dc brushless torque motor, a Rotary Variable Differential Trans-

" former (RVDT) and a scan mirror attached to a pivot bracket. The -
function of the Scan Mirror Assembly is as follows: :

1. Control the scan rate ol a 6.5-inch diameter aluminum
_.mirror to one degreec per second line of sight during
. the data acqu151t10n mode using a de brushless torque
motor.‘

2. Prov1de an output signal every 40 seconds of arc-
" (mechanical) with an accuracy of 5 arc seconds (1 g)
in any two-second tlme perlod u51ng -an 1ncremental
encoder, - . . :

3. Provide a torque motor capable of supplylng a mlnlmum
of 4 in-ounce continuous torque during the mirror
slewing mode or in the mirror cage position.

4. Staftingvand‘rolling friction of the bearings"
' lubricated with Kryton 143AB is 1ess than O. 5
inch-ounce. L _

During launch the scan mirror torque motor is energized caging
the mirror so that it makes contact with a soft bumper made from

. 3-10
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RTV 566 mounted on the inside surface of the mirror housing.

The torque motor is an Aeroflex dc brushless and bearingless
torque motor. The rotor and stator are procured separately.

The rotor is mounted to the scan mirror pivot bracket shaft using
EA934 structural adhesive and the stator is bonded in ite housing
which attaches to the scan mirror housing. The pivot bracket

and mirror assembly is then supported to the scan mirror housing

‘using a pair of Krytox 143 AB processed duplex bearings.

The Rotary Variable Differential Transformer (RVDT) is excited

by a 6-volt rms 10-kHz sinusoidal voltage and provides an output .
signal as a function of mechanical shaft angle. The RVDT is
utilized in conjunction with the torque motor as a position
follow~-up servo. To avoid the use of additional bearings and.
couplings, the stator and Permelloy rotor of the RVDT are procured
separately and the rotor is bonded using EA 934 to the pivot
bracket mirror shaft. There is provision for the RVOT stator in
its housing to be adjusted during final LRIR LOS optical alignment.

The incremental encoder (Optisyn) utilizes a rotating two-track
13-bit three-inch diameter glass disc fixed to the mirror shaft.
The rotating disc is optically read by an assembly of parts
consisting of an incandescent lamp, photo detectors, a stationary
disc and electronics contained in a housing attached to the scan
mirror housing. The rotating disc produces a Moire fringe pattern

‘which provides a sharply defined light input to the detector. The

electronics produce two 13-bit 5-volt square wave signals 90

‘degrees out of phase. The spacing between adjacent square wave

edges corresponds to 15-bit (40 arc second) mechanical angular
increments with an accuracy of bctter than 5 arc seconds (1 o).

"3.1.6. Preamplifier Assembly

The Preamplifier and Calibration Electronics see Figure 3-5 is
designed to meet the following requirements:

1. Amplify the low level detected DCA radiance signals
to a high level compatible with the system design
requirements. ’

2. House the detector temperature monitor.

3-11
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3. House the cryogenic shield temperature monitor.

4. House the blackbody controller electronics and black-
body temperature monitor.

The preamplif ier electronics housing is an integral part of the
mounting plate structure. The five preamplifier circuit boards

plus a power distribution board are prewired with a 25-pin connector.
The printed circuit boards are mounted together by three screws
through the center of standoffs swaged to the boards and secured

to a bottom plate. Three other printed circuit boards consisting

of the blackbody controller and temperature monitors are prewired
with two (2) nine-pin Cannon connectors.

The input signals to thepreamplitiers and to the temperature
monitors come from the detector capsule assembly (DCA) through
EMI feedthrough terminals located adjacent to the DCA mounting
flange. The preamplifier electronics assembly is installed in
the mounting plate during the final integration and alignment of
the OMP end SCP. A top cover with RF gasketing is added over the
electronics which then become completely contained within the
FHA.

3.2 SOLID CRYOGEN PACKAGE (SCP)

The solid cryogen package is composed of a dual stage solid cryogen
cooler and a detector capsule assembly. The solid cryogen cooler
is operated with expendable low temperature solid methane and
ammonia which sublime to space during orbitable use. The. purpose
of the cooler is to contain the detector capsule assembly (DCA)
and maintain the infrared detectors at an efficient operating
temperature of approximately 65°X. The primary coolant used is
solid methane. The secondary cryogen is solid anhydrous ammonia
which also serves the function of cooling the DCA optics at 125°K
thereby reducing thermal noise to the system. The cryogens
containers are thermally isolated from each other and the external
environment by evacuated multi layer insulation.

The DCA contains the detectors in a sealed vacuum dewar along
with the optical elements necessary to focus collected radiation
onto the detectors. The DCA is an integral unit tlat is inserted
into the cooler before the cooler is charged with cryogens.
Mechanical coupling of the DCA and cooler is accomplished by means
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of shrink fit couplings for both the 65°K and 152°Kstations.

The solid cryogen cooler, as shown in Figure 3-6, can be sub-
divided into 3 systems; the methane system, the ammonia system,
and the vacuum system. Four concentric fiberglass tubes support
the methane and ammonia tanks. The inner fiberglass tube houses
the DCA. The methane tank is thermally shielded by multi-layer
insulation and a cooled aluminum shell that is grounded to the
ammonia tank. The ammonia tank and shroud are covered with
multi-layer insulation. There is a common fill and vent line ‘to
the methane tank and another common fill and vent line to the
ammonia tank. The fill and vent lines are heat stationed to
reduce conductive heat leaks. A common cooling coil used for
solidifying the cryogens with LN, during the filling operation
and maintaining them in a no loss condition is in contact with
both tanks. An evacuation port to the insulation space is supplied
for the vacuum tank.

Structural support for the cryogen tanks is prcvided by the

four concentric fiberglass tubes with attachment to the mounting
plate. The vacuum shell of the cooler attaches to the mounting
plate which also provides a vacuum tight seal. The internal cooler
plumbing is brought out through the mounting plate using leak-
tight viton O-ring vacuum fittings. The external cooler plumbing
is shown in Figure 3-7. Figure 3-8 shows the methane and vacuum
lines and Figure 3-9 shows the ammonia line. During final cooler
servicing the cooler is tcpped off with cryogens using the external
plumbing hardware. LN servicing before launch gets the cryogen
temperatures stablilized at 80°K. Once in orbit, the methane,
ammonia and vacuum lines are opened to space using pyrotechnic
valves and within a week the methane temperature is stabilized at
65°K. The ammonia requires about a month for its temperature to
become stabilized at 152°K.

The design goal of the cooler manufacturer was to produce a
device that would have a life time of 1 year and would meet the
vibration levels encountered during launch yet weigh less than
53 lbs.

The cooler produced for use on the Nimbus F spacecraft did
successfully pass the environmental tests required building con-
fidence that it would not be adversely affected by the launch and
orbital enviromments to which it will be subjected. A vibration
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Figure 3-8 PM IN HOLDING FIXTURE SHOWING VACUUM AND
METHANE LINES
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Figure 3-9 PM IN SHIPPING CONTAINER SHOWING AMMONIA LINES
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test model (VIM) of the cooler was built utilizing sinulated
cryogen weights. The VIM was subjected to vibration levels

as shown in Figures 3-10 and 3-11 in excess of the current GSFC
S-320-EN-1 environmental requirements for experiments to be flown
on Nimbus F, and successfully passed the tests.

The weight of the cooler and mounting plate is 51.3 pounds
including 14 pounds of methane and 11.8 pounds of ammonia. The
life of the cooler operating in its orbital operational mode will
~be 7.5 months. Cooler lifetime is based on the measured PM
cooler performance data in a simulated orbital environment and

is the length of time before all the methane would have been
expended to space. The ammonia will last longer than the methane
but the DCA detector temperatures will rise from 65°K tothe solid
ammonia temperature of about 155°Kcausing significant degradation
in detector performance. :

The Detector Capsule Assembly ‘lesign as shown in Figures 342 and
3-13 has evolved for interfacing with the LRIR Solid Cryogen
Cooler (SCC). The basic design considerations for the DCA are as
follows:

1. A completely preassembled device with interfaces to
permit a '"drop-in" assembly/coupling with the solid
cryogen cooler.

2. Less than 53 milliwatts ‘calculated) thermal heat
loading to the methane and 81 milliriatts calculated
to the ammonia. See Table 3-1.

3. Acceptance of an optical energy beam for the LRIR
FHA that focuses collimated energy from a finite
source onto the detecturs. The optical elements
consist of Irtran VI lenses and a pair of reflecting
parabolic relay optics.

4. Thermal, mechanical, and optical stabilities commen-
surate to the system requirements.

5. Avoidance of degrading condensation affects utilizing

a static sealed dewar, a labyrinth moisture barrier,
and a 2 watt heater as a back-up.
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To meet these objectives HRC has preempted the entire volume
contained within the IMSC support tube column (identified as
support tube No. 1).

Within this volume the DCA is supported from a mounting flange
containing the DCA feedthrough electrical terminals and the 300°K
Irtran VI condensing lens. - Attached to the mounting flange is a
thin wall tapered fiberglass tube that supports the evacuated
detector capsule dewar assembly. The entire DCA is decoupled
stri=turally from the cryogen tank system. The temperature
gradient along the support tube traverses the temperature range
from the ammonia shrink fit coupling (NH, at 152°K) to the ocuter
shell at 300°K. Manganen detector lead wires from the 152°K cold
end of the DCA capsule to the 300°K flange terminals are bonded to
the interior of the 16 mil fiberglass tube.

At the cold end of the tapered support tube, a bonded junction

is made to the Kovar support tube of the dewar which functions as
the male half of the 152¢°K shrink-fit couplingz and also supports

the evacuated dewar and mirror housing assembly. The female half
of the 152¢K coupling is made of copper and is connected to the
solid cryogen cooler through a flexible coupling formed of numerous
Mo. 36 A.W.G. copper wires.

The mirror housing assembly has been made from stainless steel
because its properties are compatible with the kovar mirror housing
end cap and the kovar window and cap. The kovar window and cap
provides the material compatibility necessary for metallurgically
sealing the dewar with the Irtran VI window. The parabolic

mirrors are made from stainless steel to match the temperature
coefficient of the stainless steel housing assembly.

A second shrink fit molybdenum/copper coupling is used to

connect the methane (CHy at 65°K) tank to the detectors. The

heat transfer path from the detectors in the sealed dewar to the
methane cryogen incorporates a copper wire flexible braid soldered
to a copper conduction rod to link the detectors to the CHg. An
IFOV mask placed two mils above the detectors provides the field
of view (FOV) defining aperture. An FOV mask is used rather than
the detectors to define the field of view because of the two arc
second system parallelism requirement for the long sides of the
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two CO2 channels. The FOV mask also provides a cold station,

65°k for the spectral filters which are bonded to the FOV mask
above each respective detector. An Irtran VI lens is the final
refractive element (f/1 at the detectors) and completes the lens
housing and detector acsembly. Lead connections frem the detectors
are made to a lead matrix array which provides the means for
external dewar connections.

The evacuated capsule containing the detectors, reflective para-
bolic relay optics, and final condensing optics becomes the heart
of the DCA. The dewar is vacuum baked and pinched-off, and main-
tained through the use of barium getters fired down into the glass
base well. The primary emphasis for the incorporation of the
permanently evacuated detector enclosure is to prevent the con-
densagion of undesirable materials upon the detectors and lenses
at 65K. To obtain an acceptably low heat transfer between the
152% source and the 65°K detectors, a glass re-entrant wel) glass
base is used. Experience also shows that optical alignment
stability is achieved by this construction.

Surrounding the evacuated capsule and also the exterior of the 152°K
cold end of the DCA support, is a pair of multi-layer insulation
(MLI) blankets. The MLI blankets are composed of 10 layers and

6 layers, respectively, of 1/4 mil double aluminized mylar with
double layers of silk bridal veil spacers. Layer thickness is

set at 0.75 mm each and each layer will be preformed on an
individual mandrel. Thermally draw formed heavy aluminized mylar
s used in formed MLI penetrations and protective shells. Thuis
shell technique is especially important in the area of the baffling
aperture focal plane so that the MLI is evacuated near the 152°K
base and does not vent in the vicinity of the aperture, thus
reducing condensable gases from the ML1 in that area.

Thermal design requirements dictated that an aperture cap (thermal
shield) be used at the 15 Kfocal plane entrance to the evacuated
capsule in order to minimize high energy radiation heat transfer
from the warmer 300°XK part of the LRIR to the solid cryogen.

This aperture plate is not optically constraining but does form
part of a black cavity entrance trap prior to the first Irtran

VI seal window on the front of the evacuated capsule. This cavity
provides thermal absorption and also absorption of any condensable
gas molecules passing through the apertures and prior to their
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impinging on the seal window. Condensations on this seal window
are unimportant in terms of thermal emittance; the only concern
is one of window transmission through certain absorption bands,
such as water (ice). 1In addition, a moisture baffle attaches to
the DCA mounting flange assembly and extends down to the kovar
window on the static .sealed dewar. The aperture cap attached to
the window end cap, the moisture barrier, and the MLI end cap
provide a cold trap for moisture that has not been removed during
fabrication and assembly of the DCA.

3.3 LRIR ELECTRONICS

The LRIR electronics are packaged in three separate assemblies:
1. Interface Electronics Unit (IEU) Figure 3-14, 2. Frame
Housing Assembly Electronics Unit (FEU) Figure 3-15, 3. Preamp-
lifier Assembly. '

The functions performed by each assembly and the circuit cards
associated with each function are listed in Figure 3-16.

3.3.1 Signal Processing Electronics

The most important components of the LRIR electronics are the

signal processing circuits. Thepreamplifier, video processor,

A/D converter, and data processing electronics transforms the

modulated radiation incident on the detectors, into 12 bit digital

words whose value is linearly proportional (#27%) to the modulated amplitude
of incident radiation. A detailed block diagram of the signal pro-

cessing electronics is shown in Figure 3-17.

The scanned scene collimated energy collected by the scan mirror
is focused by the off-axis parabolic primary mirror to the primary
optics focal point. At this focus point the energy is modulated
by a tuning fork light chopper. The energy is then recollimated
by a secondary off-axis parabolic mirror onto a folding flat
which directs the recollimated beam from the Optical Mechanical
Package (OMP) to the collecting lens of the Detector Capsule
Assembly (DCA). Inside the DCA, the energy is focused by relay
optics and a final focusing lens onto the detector array.

The chopper modulation frequency is 943 Hz and was selected to

center the information bandpass at a frequency removed from the
1/f noise of the detectors and the preamplifier semiconductors
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but such that beat frequencies between the demodulator signal
spectrum and all clock generated signal spectruns lie outside the
information bandpass. This is necessary to prevent coherent noise
that is either conductively coupl!ed or capacitively coupled onto
the preamplifier signal from passing through the 4 pole Butterworth
filter which follows the demodulator.

The signal generated by the detector is fed through an EMI filter
to the input of a low-noise, high gain bandpass preamplifier.

The preamplifier has an equivalent input noise voltage of approx-
imately lnv/AHz at the modulation frequency. Jts bandwidth is

200 Hz to 5 kYz and it has an adjustable gain rrom 3300 to 104,000,
The input bias network will handle bias currents from fractions

of a milliampere to about 20 milliamperes. The signal ground at
the input of the preamplifier is tied to chassis.to eliminate

noise coupling from the chassis to the preamplifier input circuit.

There are five preamplifiers in the PM LRIR of which four are
operative (one disabled due to detector failure in one of the two
water vapor detectors). The bias currents and preamplifier gains
are listed in Table 3-2.

The preamplifier output signal is carriea via a twisted shielded
pair, with the shield tied to signal ground at the preamplifier, to
the video processor which is located in tne Interface Electronics
Unit. The video processor receives the signal differentially in a
variable gain inverting amplifier. The total system gain is set
initially in the preamplifier from detector parameter measurements
performed during final DCA testing. Final system gain adjustments
are made in the video processor during system integration.

The output from the first stage amplifier of the video processor
is a-c coupled to a full wave demodulator designed such that the
coupling capacitor sees the same impedance regardless of the state
of the demodulator. The demodulator gain is +1, -1 max; deviating
from this only by the phase error between the signal and the
demodulator reference.

From the demodulator, the signal passes through a 4 pole Butterworth
filter which sets the total system electronic bandwidth. The
bandwidth is selected based upon the scan rate of the system. The
dc gain through the filter is +1. An adjustable offset voltage

is used to counter the radiometric offset of the optical system.
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W .7 Table 3-2.

LRIR PREAMPLIFIER CHARACTERISTICS

PRAMPLIFIER

© BIAS .
CURRENT

VOLTAGE
GAIN

FREQUENCY

_ _RESPONSE

'CHANNEL 1
(coz) (NB)

1.5 ma.

47,400

'200 Hz to

S KHz

CHANNEL 2 .

(coz2) (BB) -

‘4;5 ma

13,750

© 200 Hz to

5 KHz

CHANNEL 3
(03)-'_?”

A '1.0 ma -

28,000 -

: ZOO;Hz to

5 KHz

'CHANNEL 4L

(H'?_O) L

‘1}' 3;0'ma.

26,900

. 200 Hz to

-5 KHz

CHANNEL 4R
(H20)

INOPERATIVE

NB méans narrow spectral band

.BB'meansAbroad spectral band
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This adjustment is made during system integration with the
instrument at room ambient. Sufficient dynamic range is allowed
"for variations in radiometric offset with varying instrument
temperature.

After the filter, the signal is sampled and held on a capacitor
until it can be multiplexed through the A/D converter. Sampling
rate is 55 Hz clock controlled during non-scanning modes and is

a nominal 45 Hz controlled by the optical encoder during scanning
modes,

~"The analog multiplexer is the last function on the video processor
circuit card. There are four video processor circuits in LRIR,
Their gains and bandwidths are listed in Table 3-3. The input

of the A/D converter is a high impedance common mode configuration
amplifier with a gain of -1. The A/D converter is a 12-bit
successive approximation type with a cycle time of 3 msec. From
the A/D converter the digital information is parallel transferred
into a data buffer register from which it is serially shifted

at a 4 kHz rate onto the epacecraft High Data Rate Storage System
“(HDRSS).

3.3.2 Servo System Electronics

The collecting element for LRIR is the scan mirror. Scan mirror
motion is controlled by the servo system electronics with a

" constant velocity of one degree per second to obtain a nominal

- data sampling rate of 45 samples per second. The optical encoder
located on the scan mirror shaft provides digital state transitions
every 39.55 arc-seconds of shaft rotation. These state transitions
initiate a sampling and data conversion cycle at a nominal rate

. of once every 22.0 msec with a maximum variation of not more than
4#2.5 msec during mirror scanning modes. During a calibration seguence
which occurs every 32 seconds, the scan mirror must also point
toward deep space and hold that position, and drive against a

soft stop to view the In-Flight Calibrator (IFC) blackbody. All
these requirements (summarized in Table 3-4) are satisfied by the
servo system electrenics.

The servo system electronics as shown in Figure 3-18 consists of
- a mirror drive signal generator, a mirror position signal, and a
servo amplifier to power the torque motor according to the error
signal generated by the difference between the drive signal and
the position signal.
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Table 3-3

- LRIR VIDEO PROCESSOR CHARACTERISTICS

VIDEO PROCESSOR VOLTAGE GAIN BANDWIDTH OFFSET'
CHANNEL 1 :
COZ (NB) 3.16 17 Hz _ +4 ,826V
CHANNEL 2 *ag e
COZ (BB) 3.32 17 Hz +4 , 410N
CHANNEL 3 3.32 17 Haz $3.374V
03
C:ASNEL 4 11.0 14 Hz +4.,7737
2
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Table 3-4

LRIR SERVO SYSTEM REQUIREMENTS

© SCAN MIRROR .

MODE -OF

OPERATION

SCAN MIRROR POILNTING -
POSITION

SCAN MIRROR
VELOCITY

. ACQUISITION SCAN

150, 11ne of- sight centered
about ‘OMP centerline
(31.07° down from local

- horizontal)

‘1°/éecondiup ;

and down, 20 sec,
scan period

ADAPTIVE SCAN

+2°¢ line-of-sight centered
about the 40 point. of
channel 1 (COy NB) peak

"radiance

l1°/second up
and down,4 sec.

scan .period

SPACE CALIERATE ~

HOLD

z£° above OMP_centerlinee

.Zero Qeloeity

SOURCE CALIBRATE - |

~31° above OMP eenterline.

- Zero velocity

. HOLD -~
AUTOMATIC - " ~8° above OMP eenterline Zero Veiocity at
for 1 second and then.’ fixed positions

- SEQUENCE

w31° above OMP centerline

- for 2 seconds -

and a slew rate
of ~88¢/second

" between positions

© 3-36
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A Rotary Variable Differential Transformer (RVDT) is used as a
. shaft position sensor. Its primary winding is-supplied with a
. 10 kHz, 6 Vrms sine wave generated by passing an amplitude :
_ controlled 10 kHz square wave through a narrow bandpass auplifier.

The secondary winding output .voltage amplitude varies linearly
with shaft angle over an angular range of #70°. ‘ '

To be compatible with the mirror drive signal, the RVDT secondary
voltage is amplified, synchronously demodulated, and- low pass
filtered. Symchronous demodulation is necessary to get positive
and negative voltages about the RVDT null point. The mirror

_position signal electronics are located cn thre RVDT and .1 kHz _
‘Chopper Electronics board in the FEU.. The mirror position signal =
is sent to theinput of the error amplifier-to be summed with the

mirror drive signal.

. The Scan Generator and Signal Logic board located in the FEU |
~ receives scar clock and timing signals from the IEU and generates

the triangular waveforms and dc voltage levels that constitute

the mirror drive signals. The signal logic portion of the card
‘combines mode commands and scan clocks to generate the appropriate

signals for the dc level switches and triangular waveform producing

‘the output voltage that is sent to the input of the servo drive.

error amplifier. Table 3-5 details the switch states and output
voltage for the different. modes of oparation. o :

. The error amplifiér ﬁrovides the drive for'the servo motor drive

amplifier. - Maximum current available to the torque motor is ~270
ma resulting in a maximum torque of 4.2 in-oz. Normal run -
current is ~20 ma peak-to-peak resulting in a motor torque of 0.30
in-oz. ‘Loop compensation is accomplished in.the forward signal. °
path consisting of lead networks in the error and servo amplifiers. -
Figure 3-19 shcws the servo loop response and the components of that
response due to the compensation networks.shown in Figure 3-18.- ’

The offset adjust provided-at the input to tuc servo amplifier
is-used to eliminate electronic offsets due to the error amplifier
and motor drive amplifier. The amou..t of offset required is ‘
determined by grounding the mirror drive signal input and the

- mirror position signal input and varying. the offset voltage until

zero current flows through the torque motor current sense resistor.

The lihb position voltagé is-genefated to po.ition the center of

- the adaptive scan at the earth's limb. This concept results in -
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the most de51reab1e data because it allows for a hlgh sample
. density in the area of scientific interest.. To determine the

limb position voltage, the channel 1 radiance voltage is zero

“clamped and then peak detected, and a percentage of the peak

voltage is compared to the radiance profile. The percentage of

. peak voltage is chosen to represent the value of radiance at the

earth's limb corresponding to a-tangent height of 40 KM. The

comparator transistion creates a strobe pulse which strobes the

mirror position signal when the radiance profllebcrosses_the 40Oy,
of peak voltage point. The strobed position signal represents.

‘the shaft angle corresponding to the scan mirror pointing at the
~earth's limb. This voltage, being held on a capacitor, is.trans-

ferred to an output hold capacitor and buffer during scan turn-
around to e11m1nate perturbations in the scan. The voltage then

. goes to the scan generator circuit. for insertion into the drive
51gna1 as a bias for the adaptlve scan waveform.'

- 3. 3 3 'Command'Rerays

-Commands are sent from the ground statlon through the spacecraft

command pulse matrix to LRIR. LRIR uses relays to receive command
pulses in order to provide isolaticn from.thé spacecraft. If

'ON/OFF control is required the relays are latching types.- If no

ON/OFF- control is required, the momentary contact closure is used
to set an integrated circuit latch which is reset according to

" rules establlshed by the command decoder loglc and shown in Figure
"3-20.

Relay coil conflguraflon is specified on page 3-10 of Nimbus E and

. F Experiment Interface Requirements (GSFC X450-68 hlS) and rlgldly

adhered to in LRIR as shown in Flgure 3 21.

_ Commands received by LRIR are. 115t°d in Table 3- 6 along wlth ‘the” -

relay type utilized.
3.3{4 ' VIP Dlgltal-'B Inputs

LRIR uses the spacecraft VIP Digital 'B" telemetry for verification

‘of . commands. Requirements for interfacing with VIP Digitai 'B'
“can be found on pages 4-2 and 4-6 of Nimbus E and F Experimént’
. Interface Requirements.(GSFC X450-68- blS) These requlrements

are rigidly adhered to in LRIR

A typlcal command ver1f1Cat10n circuit is shown in Flguce 3-22,
command verification signals are listed in Table 3-7.

3-41
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Table 3-6
LRIR COMMANDS

FUNCTiON

COMMAND RELAY .TYPE
Electronics On/Off Controls power to LRIR Latching
Cage/Uncage Powers mirror in launch Latching
mode against a soft from
-24,5V S/C power/removes
-24,5V power from mirror
Heater On/Off Controls power to DCA Latching

Heater

Adaptive Scan

Initiates adaptive scan
w.cde of operaticn

Non-Latching

Acquisition Scan

Inititates acquisition
scan mode of operation

Non-Latching

Space Calibrate

Commands the pointing
position of the scan
mirror to deep space

Nen-Latching

Source Calibrate

Commands the pointing
position * the scar
mirro:r to the in-flight
calibration blackbody

Non-Latching

Calibrate Override

Removes any calibrate

hold commands and inhibits
automatic calibration
sequence

Non-Latchirg
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Table 3-7

COMMAND VERIFICATION SIGNALS

V1P
Digital 'B' Function
Input
Cage/Uncage "0'" state is mirror uncaged
"1" state is mirror caged
Electronics On/Off 0" state is power off
"i'" gstate is power on
Heater On/Off "0" state is DCA heater off
1" state is DCA heater on
Adaptive Scan "0" state is scan off
1" state is adaptive scan command
received
Acquisition Scan '"0" state is scan off
"1" state is acquisition scan mode
Space Calibrate "Q'" state is space cal. removed
"1" state is space cal. command
received
Source Calibrate "0" state is source cal. removed
"}'"' state is source cal. command
received
Calibrate Override )" state is cal. -verride removed
"1" state is cal. override command
received

3-46
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,_3.3.5 VIP Analog Inputs

LRIR uses the spacecraft VIP Analog telemetry for housekeeping

-~ data. Requirements for interfacing with VIP Analog can be found
on pages 4-2 and 4-6 of Nimbus E and F Experiment Interface Require-.
‘ments (GSFC X450-68-415). These requirements are rigidly. adhered

to in LRIR.

A typ1ca1 housekeepxng circuit 'is shown in kigure 3 23. VIP
'Analog signals are llsted in Table. 3-8, - o

,3 3. 6 Power Supply

The LRIR power supply is a DC to DC converter configurat1on

A"supplylng regulated power to-all LRIR circuits.: Fxgure 3- 24 shows”
a block dlagram of the power supply , .

Nominal powar drawn from the spacecraft -24.5 volts dc supply is.

21.6 watts in the scan mode and 29.6 watts in the IFC hold

-position. During launch 8 watts of s/c regulated ~ower (-24, SV)

is. requ1red to cage the scan mirror agalnst a soft stop._
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<4 Table 3-8

1 VIP ANALOG SIGNALS -

. VIP Analog Sampling
gi Input . Function Frequency
21 ‘ .

H Scan Motor Current . Provide quantitative measure 1 per 16
-t of scan motor current for second
- Scan Mirror Assembly perfor- s¢ s
{; mance monitor

T -15VDC Monitor Monitor power supply opera-

it ' tion

Z? " IEU Temperature Provide quanititive measure

i ) of temperature over the

range of 0°C to +63°C at

T3 Cryogen Exterior various locations.
R Temperature -

. Primary Optiés

;i | Temperature

Baffle 1

Baffle 2

by

Blackbody Temperature

§? ’ . Scan Motor Temperaturce

“. ) Housing Temperature

%? - ' FEU Temperature

o Detectcr Temperature Provide quantitative measure

3 of temperature of DCA coldTip

§§ Rod over the temperature range

4 of H1°K to 73°K

i Cryogen Shield Temper- Provide quantitive mecasure of

% ’ ature DCA warm coupling over the

temperature range of 61°K to
. 261°K
. : IFC Temperature Provide quantitive measure of
blackbody temperature over the ¢
; range of 290°K to 333°K .
RVDT OQutput Provide quantitative measure 5 per second

i . of scan mirror position
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"SECTION &
LRIR ~ SPACECRAFT INTERFACE

4.0 INIKRGDUCTION

4.1 MECHANICAL INTERFACE

The LRIR is hard mounted to the spacecraft with four bolts

through the mounting plate of the experiment into locking threads

in the underside or the sensory ring. The mounting plate is the
structural interface of the opto-mechanical package that is

below the sensor ring and the sclid cryogen cooler that projects
through and above the sensorv ring of the spacecraft. Plumbing

lines associated with the experiment methane, ammonia fill lines,
vacuum line, LN; cooling lines rroject radially to the outer diameter
of the spacecraft adjacent to the OMP on the underside of the
spacecraft.

Pictures of the FHA showing the cryogen cooler servicing lines
are shown in Figures 3-8 and 3-9.

The optical centerline axis of the instrument is located down
31.07¢ #.5° from the spacecraft X-Y plane toward the -Z axis
direction as rhown in Figure 4-12. The scan plane is oriented 32°
+0.5¢ toward the Nimbus F {+Y) axis as measured from the (-X)
axis. See Figure 4-11.

4.2 THERMAL INTERFACE

The LRTIR experiment is hard mounted to the sensory ring of the
Nimbus F spacecraft. This condition provides an excellent thermal .
path between the experiment and the spacecraft. Since thermal
stabllity is necessary for both the :cnacecraft and the experiment,
a method must be employed to keep the experiment at a constant
temperature throughout various orbital attitudes.

The LRIR uses a technique that combines insulation and a thermal
control surface to maintain a relatively constant ambient operating
temperature. Except for the aperture surface of the LRIR, all
surfaces are insulated with an MLI Blanket that is protected with

a fiberglass shell. This insulation package eftficiently prevents
either the absorption or emission of thermal energy from the
experiment.

41




The thermal control aperture surface is covered with a layer
of second surface silverized teflon film. The o/¢ of this .

material is in the proper ratio for its area to keep the experi-’
ment at a constant temperature. The thermal control -surface has

_been designed for a nominal noon orbit but can be modifled if at
- any t1me the orbit definition is revised.

4, 3' ELECTRICAL INTERFACE

“The LRIR interfaces with the NIMBUS ‘F Spacecraft are llsted below-

Inputs to LRIR
200-kHz Clock
.Spacecraft Time

'@ Time Code.
® Time Strobe

" Command Functions
Spacecraft Poweyx

Outputs

HDRSS Data (A B, and- Real T1me)
Housekeeping Functlons '

@ V1P Digital ‘B
L] VIP Analog

4.3.1 Inputs to LRIR

4.3.1.1 -_200-kHz Clock - The 200-kHz clock is transformer coupled

~into the Clock Countdown Logic card of the Interface Electronics -
Unit. The circuit used to interface with the 200-kHz clock signal
“is shown in Figure 4~1. The 200~kHz clock signal is combined with

spacecraft time signals in connector L1J7 on the "nterface Elec-

':tronlbs Unlt.'

4.3.1.2 _Spanﬁnxafx_Ilﬂe - Spacecraft time 1nputs to LRIR include
Time Code ard Time Strobe. Both inputs are direct coupled 1nto'
‘the Spacecraft Time Formatting Logic card of the Interface Elec-
tronics Unit. .The circuits used to interface with ‘spacecraft

time inputs are shown in Figures 4-2 and 4-3. Spacecraft time .

" inputs are combined with the 200 kHz in connector L1J7 of the

'Interface Electronlcs Unlt,
' 4-2-

.
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4.3.1.3 Command Functions - The LRIR command functions are
‘received from the spacecraft command matrix. The matrix generates
a negative-going 24 volt pulse of 40 msec duration and routes

the pulse to the. approprlate MA MB lines to create the command

All commands are- contalned in one connector, L2J2, on the Frame
"Housing Assembly Electronics Unit. All command relays except ‘
Electronics. On/Off are also located in the FEU. The electronics
on/off relay is located in the Interface Electronlcs Unit with
the’ power supply. ' : :

Table 4-1 lists the LRIR commands. The interface relay.circnit
is shown in Figure. 3 13. L ' ST

4. 3 1.4 Sgagegraf; nger - LRIR draws power only from the
spacecraft regulated buss (~24.5 Volts). The LRIR power supply
is a de-dc converter configuration to provide isolation between
_spacecraft power return and LRIR- signal ground (Refer to
paragraph 3.3. 6) L

Power -drawn from the - spacecraft durlng varlous modes of operation :
. 1is listed 1n Table 4 2. .

LRIR signal ground is connected to the chassis of the Frame Housing
‘Assembly at the input of the preamplifiers to minimize noise coupling
‘into the high gain preamplifiers. .There are no other hardwire
connections of LRIR signal ground to spacecraft frame. Spacecraft

- power interfaces througb one c0nnector LlJl, on the Interface
Electronics Un1t. ‘ : - '

4.3.2 Outputs

4.3.2.1. HDRSS Data (A, B, and Real T1me) - LRIR utlllzes the
High Data Rate Storage System (HDRSS) to transmit radiance channel
information, In-Fllght Calibrator temperature, and housekeeping
information concerning mode of operation ard status of certain
functions. A complete 11st of HDRSS transmltted data ic proV1ded
by Table 4-3.

The ‘interface circuit for HDRSS is. located on the Data Buffer
Register board of the. Interface ElectroAlcs Unit and is shown in
.Flgure 4- 4
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Table 4-1
COMMAND INTERFACE

COMMAND FUNCTION INDICATION
Cage/Uncage Scan Mirror Caging VIP
Electronics On/Off Electronics Power ViP

Scan On
Acquisition Scan

-(Scan Override)

Calibrate Override
Space Calibrate
Source Calibrate
Heater On/Off

Adaptive Limb Scan

Continuous Acquisition
Scan

No Automatic Calibration
Space Calibrate Hold
Source Calibrate Hoid

Béckup Heater

VIiP/Data Word
VIP/Data Word
V1P

VIP/Data Word
VIP/Data Word

VIiP

Table 4-2

LRIR POWER CONSUMPTION

LRIR

- MODE OF

CPERATION

NOMINAL POWER
CONSUMPTION
(from S/C -24.5V)

MIRROR CAGED
(during launch only)

ACQUISITION SCAN,

ADAPTIVE SCAN,
(w/o auto cal)

SPACE CALIBRATE

SOURCE CALIBRATE HOLD

ADAPTIVE SCAN
WITH

AUTOMATIC CALIBRATION
SEQUENCE

8.6 Watts

21.6 Watts
29.6 Watts

22.1 HWatts

4-6




PARAMETER

Table 4-3
HDRSS DATA

CHARACTERISTIC

CHANNEL 1 (€O, Narrow Band) Radiance

o CHANNEL 2 (COy Broad Band) Radiance

CHANNEL 3 (03) Radiance

CRANNEL &4 (Hp0) Radiance

SYNC

- PARITY

*IN-FLIGHT CALIBRATOK TEMPERATURE

=%A/D CALIBRATION VOLTAGE

wwSPACECRAFT TIME

TIME EVENT
SCAN STOUFRED
Tt MISSED DATA

SCAN REFLERENCE ANGLE .

STATUS %

" 10 bit

12 bit word
12 bit word
12 bit word
12 bit word
11 bit %ixed Pattern
1 bit (even or odd)
word

12 bit word

33 word

SCAN DIRECTION
SPACE CALIBKATION MODE
SOLURCE CALI BRATION MODE

12

bit word

- SLEWING

MODL

ACQUISITION SCAN MODE
ADAPTIVE SCAN MODE
TIME READOUT MODE

* Occurs during

**Occurs during

source calibrate mode only

Time Readout mode only

**There are no status flacs during either source calibrate or time
readout modes.
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All HDRSS signals interface through one connector, L1J8, on the
Interface Electronics Unit.

“4.3.2.2 VIP Digital 'B' - VIP Digital 'B' is used by LRIR to

provide command verification. Section 3.3.4 discusses LRIR
utilization of VIP Digital. 'B' and provides an interface circuit
diagram (Figure 3-14) and a list of command verification signals
(Table 3-7).

All VIP Digital 'B' signals interface through one connector, L2J6,
on the Frame Housing Assembly Electronics Unit.

4,3.2.3 VIP Analog - VIP Analog is used by LRIR to transmit

housekeeping data. Section 3.3.5 discusses LRIR utilization of
VIP Analog and provides an interface circuit diagram Figure 3-15
and ‘a list of VIP Analog signals (Table 3-8).

All VIP Analog signals interface through one comnector, L2J8, on
the Frame Housing Assembly Electronics Unit.

VIP Analog data relates to an experiment parameter, such as
temperature and mirror position, and hence, a scale factor is
required to interpret the voltage mecasurement as a parameter
quantity. The following sections describe each VIP Analog signal
listed in Table 3-8 and provide scale factors for each. In addition,
a summary table (Table 4-7) is included along with calibration -
curves and data for the precision temperature readout signals.

©4.3.2.3.1 Detector Temperature Monitor - The temperature of the
.cold tip rod in the Detector Capsule Assembly is measured with a

platinum resistance thermometer (PRT) at the lower end of the rod.
This PRT provides a measure of the temperature variations of the
detectors. 7The PRT used is a Minco type S1061-2 (HRC spec control
print 21007390-102). The specific serial number used is S/N 82.

.,An electronics processing circuit is built into the LRIR to

provide a voltage output proportional to the resistance of the
PRT. This output voltage is processed to VIP Analog requirements
(0 to ~6.375V).,

The resistance of the PRT is detarmined from the following
equation:

Vour + 2C.306
RPRT = . 7537 ohms

4-9



The calibration data for this PRT (S/N 82) is available at Table
4-4 of this section. Data is presented in 1°K increments from
609K to 350°K. Linear interpolation between 1°K increments is
reconmmended. :

Accuracy of the total measurement 1nc1ud1ng data reduction is
+0.1°K. Repeatability of the electronics is #0.05°K over the
life of the instrument and throughout 1ts performance temperature
range (+15°C to +35°C).

A graph is included as Figure 4-5 of this section to allow a quick
temperature reading and can be used except when .1°C accuracy is
required.

4.3.2.3.2 Cryogen Shield Temperature Monitor - The cryogen shield
is in thermal contact with the solid ammonia tank within the
cooler. The PRT located on the DCA shrink-fit coupling that is
coupled to the cryogen shield provides a measure of the temperature
of the solid ammonia. This PRT alung with the cold tip rod PRT
allows tracking of the performance of the two stage solid cryogen
cooler and Detector Capsule Assembly. The PRT used is a Minco

type S1061-2 (HRC spec control print 21007390-102). The specific
serial number used is S/N 75.

An electronic processing circuit is used to provide a voltage
proportional to the PRT resistance. This voltage is processes
to VIP Analog requirements (0 to -~.375V).

The resistance of the PRT is determined from the following
equation:
Vout + 7.345
R =
PRT 016279

The calibration data is available for this PRT (S/N 75) as Table
4-5 of this section.

hms

Accuracy of the totel measurement inciuding data reduction is
+0.3°C. Repeatability of the electronics is #0.2°C under all
specified conditions.

A graph is included as Figure 4-€ of this section to allow a

quick temperature reading and can be used except when .3°C
accuracy is required. :

4-10
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4.3.2. 3 3 IFC Te;perature Monitor - The In-Fllght Calibrator

(IFC) is a blackbody that provides a hot temperature reference -
for perlodlc calibration of the radiance.channel gains. The

' temperature of the blackbody must be known very accurately to

make it a useful reference. To accomplish this requirement,
a platinum resistance thermometer (PRT) is installed-inside the

- blackbody. This allows a direct measure of the blackbody temperat.re.

The. PRT used is a Minco type S1061-2 (HRC spec control print
21007390-102). The specific serial number used is'S/N 80,

An electronic proee551ng circuit is built into the LRIR ‘to provideA
a voltage output proportional to the resistance of the PRT. This

-, output voltage is processed to be compatlble with the LRIR A/D

converter as well’ as VIP Analog.

For the VIP Analog signal the re51stance of the PRT is eetermlned
from the following equation: : :

( 2 Vour) + 54.305
‘ .108144

The callbratlon ‘data for this PRT (S/N 80) is available as Table
4-6 of this section. Data is presented in 1°K -increments from
60°K to 350°K. " Lineat interpolation between 1°K increments.is:
recommended. . : D '

-PRT

oms-

The"accuracy of measurement is not critical since the blackbody
temperature verses radiance channel output.is calibrated. The

" measurement repeatibility is critical and will be -#(.05°C) over

the life and env1ronment of the 1nstrument.

A graph is 1nc1uded as F1gure 4-7 of. thls section to. allow a qulck
temperature reading and can be used except when high accuracy
( 1°C) readings are requ1red

A thermlstor temperature sensor has been added as a redundant temp-
erature monitor should the PRT fail. Calibration curves are
provided (Figures 4-8, 4-9, and 4-10) which provides a comparatlve

- readout for both sensors for a given temperature.' The: data was

obtained during the LRIR calibration testing in the thermal vacuum’

‘chamber for.LRIR at control plate interface tempe*atures of +15¢C,
'+25°C, and +35°C '
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E% MODEL S1061-2 PRECISION RESISTANCE THERMOMETER

“ B Serial Number 80

Eé ' vJ(K) H(0:.MS) T(K) 'R(CH4S) T(K) R(QHMS) .TIK)  R(ORMS)
z, . 60e0 52474  105.6 144499 15900 234+52 1950 321.98
i§ . 6len Qaakp 1066 147.01 15160 23643 19€e0 323499

62 LLTA 107.0 14902 19260 23Rebs 1970 32S.b2
63¢0 S ,99 108.0 151.04 153.0 24064y 16640 327.75
6440 AYenT 109.0 153.05 154.0 262435 199.0 329.67

i . 65en f3.15  110.0 155406  155.0 244+3¢ 2000 331459
_ T bben RG22 111.0 157.07 196,0° 246423 20le0 333.5]

N . 6Ten  AT.an 112+¢C 159.08 15740 24R8e24 20290 335.43
. 684 A9,37  113.0 161.08 128,0 250.2uU 203+0  337.35
6941 T1e44  1l6en 163409 19,0 252413 20%«0 339.27

T 700 73,51 115.0 165.09 100,0 2S4e1l 2050  3al.lk
b : 71.0 79.54 11hen 16710  151,0 256e05  206¢0 34310
o 728 T7.85 117.0 169,10 162.0 258+0¢ 20740 345402
. T3e2 79071 llR.O 1710 l63o° ’ 259.0'] 20600 3‘06‘93
i 7440 H1e78 11,0 17319 164,0 26le%¢ 209¢0  3ukebS
=N 751 R3I.Re  120.C 175.190 165.,0 26387 21040 35076
"T6en HG,9) 121.0 177.10 106,0 265«He 2110 39267

e 77e0 R7.96  122.0 17909 167.0 267.77 2120 354459
a4 T6e0 9ran2 12340 181409 19B.0 26972  213+0 356459
79.0 97en? 1240 iB3.08 16940 27160 2140 35F.4]

- 80e0 9412 12540 185.07 170s0 27361 2150 35,632
¥ "Blen 9ha18 12640 187406  171.0 275¢55 21640  302.23
e . B2.: YRe?3 127.0 189.05 172.0 277+5) 217+0 396414
_ B3e( 10028 ]12Ken 191406  173.0  279¢44  Zz]o0eQ 36he 05
B T B4ed 10233 129¢n  193.03 176.0 28135  219.0 367455
i B850  1N&e37  130en  195en02 1750  283+3¢  220°0  309eEf
L 66001  10kes? 1310 197+00 - 17640 29520 22190 37177
1% . HTe 1nR. 66 13240 19R.99 177.0 2RT72J 222+0 37367
i  8Ben 11080  133.06  200+97  17B.0  289s16 2230  3/5.58
-_.. 8940 117254 13440 202.95 179,0 29100 2240 3(Tebus
e 90en  116.58  135ef, 20693  1€0s0  293ene 2250  379+35
i 9lel’  QYheh2 136N 20649] 1810 . 264095 2260  3k}ezd
- 92,0 11H,65 137.0 203,89 182,0 296489 22740 343.19

03,0 }?20 A9 138,0 210,87 163,0 29R, 12 22b,0 3K5,C9
. 9“.{' l??n72 139.(1 212.8“ 15‘0.0 300.70 229.0 3'16o99
i : 95,0 176,75 l4n,.0 214,82 185,0 30%.6Y9 230,0 3HR,HG

96, 126,74 141,90 216,19 186,0 304.n¢ 231.0 336479
. 97,9 172K,8) l42,0 218,77 187,0 306.59  23¢.0 392,69
i 9840 130,84 143,0 220,74 183,0 3nB.40  233,0 394,59

Y9.n 137,45 146,00 22?2.71 183,0 31n.4l 23440 346443
100,07 134 HG 145,¢ 226,648 190,0 312,34 235,0 397,34

j‘ 101.0  13A,91  14h.0 226,65 191.0 3164.27 236.0  &30.EW

L 102,9 134,93 147,7 229,62 192,0 316,20 237,0 4.2.18
103,0 14n, 95 148 9 239,58 193,0 318.13 238,0 4ud 67

[ : lys,0 162,97 1490 232,55 __194,9 320.0% 239,0 45,97
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) Table 4«6 (Contiﬁued) .
'MODEL S1061-2 PRECISION RESISTANCE THERMOMETER
Serial Number 80

R (O=MS)

T(K) R(0=MS) T(K) R{CHMS) T(K) R(OHMS) T(K)
24GCan 4nT.RE 2R5,1 4GQ2.68 33040 LY Oe0 nNeN
24len L\, T8 23k N 494,435 3-’1.0 STTend Qe N0
242" 411 (A 2RTeN 496,22 332.0 579e«6> 0¢0 0G0
2430 al3.84 2RA.n 494,08 433.0 SR)e4Y Ve 0 CelG
24440 [ LY X! 2H0,n 499,95 33440 SARJe 34 Qe 0G0
2450 417432 290.0 €nl.H81 335.0 58517 U0 000
24640 al4,.21 291.0 503.61 336,0 S87.01 .Qe0 Ne00
2470 «?l.10 2972.0 5ns.%6 337.9 SRB.85 00 000
24B.n 4??.99 293.0 €a7.41 338.0. 59067 0e0 Ne(0
24900 426 1A 296,40 €nQ,27 33v.0 592.53 Ge0 Ne00
25040 «w?2R .17 2495, €11.13 340,90 506,37 0.0 000
2610 wPh hE 296,90 €12.99 341,60 596.2V 6.0 0.0
252,09 &30 9 297.¢0 514,86 362,0 598,04 0.0 . 0,00
253.r. «37,643 29K .0 &16,72 3430 599 ,h1 0.0 0,00
254, a6 3] 299, €11,58 3¢46,0 6nl1.71 - C.0 P U0
25S.0 43R, 20 30n0,0 820,44 345,0 603.5+ 0.0 0. 00
256.0 43R NR 301.0 £272.29 346,0 605358 Vel N.00
e57.n 439,497 302.0 €24.15 347,.0 607.21 0«0 OelV
25840 48 (K5 3n3.0 £26.01 348,0 609405 0e0 A
25940 463,73 3044 €27.87 349,0 610e63 us D Dol
26040 468 A ELLN) €29,73 350.0 61271 Ced fel0
2ol el .80 30640 €31.99 0.0 LEXI Ge Celth
26241 weY 3N 307.0 €33.44 1e0 Qe ve Pe G0
263." 5176 30R.N $35.29 0.0 0e00U Lel ODelU
rd-LX XN «83.16 309.n €37.15 Gel) 0-0u Ge 000
225en uSK,n2 3ln.0 €39.00 0.0 0e0vV Oe0 nebO
266, GRALHY 31yen C4NneHb 0.0 0e0U Ge0 NeO
2olens WRR.T7 312en . €42171 0«0 000 Ge0) Ne (0
rd-1-XX¢ GhaahY 313.(‘- 44456 0«0 LHEXIP] GCe0 0elQ
2()909 “6?053 3160.0 CLbebd] Ne [1 XX EV] Ve Qe O -
2701 ehbeb) 31%.0 €4Re206 OeC 0+0u GeO 0s00
27len whhe PR 316en €5n.11 Nef 0-00 Ce0 0G0
2720 whHKaY 3170 €51.97 00 000 G0 CeGO
2730 47nen3 318.n ©53.81 0e0 000 Ce0 0elO
274.+5 47)e9n 319.0 €85.,06 Ce0 Q00U Ue0 000
2750 4T3, TR 32ne €57.51 0.0 000 Ge0 CelO
27641 TR RS 3210 €59436 Ne0 0e0vu Ge0 000
277.0 617,52 32,0 S61,.,21 0,0 0.00 C.0 .00
218,10 4749, 93 323,10 €63,0° 0.0 [ ) IV () N.CO
279, wHl 27 324,90 £64,90 0,0 0.0V (1] 0,00
280,19 4R3I 14 325.% 566,15 0,0 0.0u 0.0 0,00
esl,n 485 0] 32A,0 64,59 0.0 0.0u o0 0,00
2BZ 9 LHA RY 321,10 E76,4% 0,0 0.0 V.0 0,00
283,49 4RR 75 32R .9 s72.28 N0 0.0V 00 NGO
284,22 490 A} 32q,0 S74,12 70,0 0.0V 0,0 N0
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4.3.2.3.4 Housekeeping Temperature Sensors - Temperatures gradients
that exist across the LRIR are measured using thermistor sensors
embedded in blocks of copper and bonded to the LRIR using thermally
conductive epoxy. The thermistor used is a Yellow Springs Instru-
ments Co. 44006 (Moneywell spec control drawing 21007450-101).
The thermistor assembles are defined by Honeywell print number

©21007441-101 except where noted. The thermistor locations are

listed below:

IFC Blackbody - 1 assembly

OMP Housing - 1 assembly

Baffle - 2 assemblies

Primary Mirror - 1 assembly

Scan Motor - 1 assembly

Cooler Vacuum Shell - 1 assembly

Identical electronic processing circuits are provided for each
thermistor assembly. The output of each circuit provides a linear
voltage to temperature scale factor over the temperature range of
0°C to +50°C with an accuracy of #1°C. Moreover, since the scale
factor is -10 degrees C/volt, the voltage reading obtained is a
direct temperature reading.

EXAMPLE VOUT = «2.395 volts
TEMP - (-10)(=2.393) = +23.959C

Accuracy of the total measurement is #1°C. Repeatability of the
electronics is +0.3°C over the life of the instrument.

4.3.2.3.5 Scan Mirror Position Information - The Rotary Variable
Differential Transformer (RVDT) located on the scan mirror shaft
provides mirror position information used in the scan system feed-
back path, limb track circuit and VIP Analog telemetry data.

The electronic circuit, that processes RVDT output voltage for VIP
analog, provides an output voltage linearly proportional to shaft
position. Shaft position is referenced to the ''No Scan' or 'OMP
Centerline" position of the mirror. All of the proceeding nomen-

. clature refers to the 31.07° line of sight (LOS) down from local

horizontal position of the mirror.

Mirror displacement is asymmetrical about the reference point due
to the two calibration points; space and blackbody. This requires

4-24
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that the VIP Analoz processed voltage be asymmetrical about the
center point of its dynamic range with respect to mirror position.
This allows for greater sensitivity for the output inferimation but
makes actual mivror position difficult to interpert on a r=al

time basis. It is therefore more likely that useful information
will be derived from the path the mirror foliows over time than
from its actual position at any one time; hence the greater samp-
ling frequency by VIP. The repeatability of the electronic pro-
cessing circuit is *2° worst case LOS position and therefore long
term position measurements would not be possibie.

Mirror Position (degrees shaft) = (Vgyp + 1.03) x 3.37

Mirror Position (degrees line-of-sight) (Vgouyr + 1.03) x 6.74
4.3.2.3.6 Scan Motor Current Information - The variations in scan motor .
current over the life of the instrument provides a useful measure

of scan motor and bearing performance, and hence is desireable
telemetry information.

An electronic processing circuit is provided to process voltage
information from the 10 ohm torque motor current sampling resistor
in the torque motor drive amplifier. This circuit dev:lops an
output voltage compatible with VIP Analog telemetry requirements.
For zero torque motor current, the output voltage will be -3.30
volts (nominal).

The conversion from voltage to torque motor current is:
I(Torque Motor) = -(Vgur + 3.30)(.11 amps/volts)

Positive going currents indicate the scan mirrcr being driven
toward earth while increasing negative currents indicate the scan
mirror is being driven toward space.

Accuracy of the buffer output voltage is affected by ground potentials
because the torque motor current sampling resistor and the buffer

are referenced to different grounds separated from unipoint ground

by a length of wire and a number of interconnections. The inaccuracy

of the measurement due to different grounds will be as much as *1 ma.

Inaccuracy of the voltage measurement due to component tolerances

is 23%. Repeatability of the electronics is *1% of the voltage

4-25
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,Table 4-7

SCALE FACTOR CONVERSIONS FOR PM LRIR

ANALOG CHANNEL

Cryogen exterior temperature
Primary mirror temperature’
Baffle temperature 1
‘Baffle -temperature 2

Scan motor temperature

OMP housing temperature

FEU temperature:

IEU temperature

IFC Blackbody

SCALE_FACTOR

.1 yoit/le

ov = 273°K
accuracy = t1°K

Scan motor currernt

110- ma/volt

~3.30V = O ma .
accuracy = +10 ma.

. =13 Volt Monitgr

©2.94 volts/vole

=5.1 = -15 volts
accuracy = .1V

RVDT.

6.7° (LOS)/volt

oMP E = -1.07 volts (nom)
Space = =2,25 volts (nom)
Source = -5.76 volts (nom)

. accuracy = #4°

vetector Temperature
(fOr.CHA Temp < /5°K)

‘See curve attached. for

quick look volts to temp-
erature convertxon (Figure 4=5)

For more accuracy,
Rppr = VOUT + 20.306
?RT .2527 :

Use RPRT to. °K calibration

-curve for PRT serial no. 82
" in Addendum. :
- Accuracy = +,1° K

Cryogen Shield Temp.

" See curve attached for quick

look volts to temperature -

- readout conversion. (Figure 4-6)
For more accuracy,

Ropm = VOUT + 7.345
PRT =~ —=5.016279
Use Rppy to °K calibration

. curve for -PRT serial no. 75'1n‘
-Addendum. ‘

- Accuracy = %.1°K

IFC

Voo 426

.1 volt/°K

oV = 290°K

Accuracy = £.1°K

IFC PRT & thermistor temp-
ature sensor calibration
curve (Figures 4-8 thru 4-10)



A

1

. .
e I A L R Al e R LTREPENC e ’::T.".":"Y".rw

[,

e in s

A LR AT

e

7

e e

e
ot

J—
PN

Sty

sty

§ actra
e g

gt

-measurement. This vill lead to ambiguities in current direction

wvhen close to zero current.

4.3.2.3.7 -15 Volt Monitor - A resistor divider network from the
-15 Volt power line directly measures the performance of the -15
volt regulator and indireccly measures the performance of the
dc-to-dc converter. The resistor divider is used to obtain a
monitoring voltage compatible with VIP Analog telemetry require-
ments. The expected voltage for normal operation is -5.10
40.25 volts. Scale Factor for correlation to -15 volt performance

“is:

Vis Volt = Veasured (2-94 volts/volt)

Accufacy of this buffer is 2% of voltage reading and repeatability
is less than 1%. : :

4.4 WEIGHT AND C.G.

The weights of the FHA, IEU and FEU were determined by performing
ETP-F-050, Rev. A on September 9, 1974. The cryogen cooler was

.filled just prior to weighing the FHA. The weights of the FHA,

IEU and YEU are as follows:

FHA - 114.5 1bs
IEU 2.8 lbs
-FEU- - 6.2 1lbs

The center of gravity of the FHA (filled) was determined in
accordance with ETP-F-050, Rev. A. The method used to determine

- the C.G. was to calculate the moments of the FHA with reference

to a known weight and distance. The location of the center of
gravity was determined to be

X’- 1.355
Y- .216
7 = 2.314

Where X’ is the distance from the geomet:i.: center of the' DCA

" along the X'axis; Y'is the distance from the geometric center of

the DCA along the Y'axis and Z is ine distance from the bottom
or mating surface of the FHA mounting ring. Figures 4-11 and 4-12
illustrate the location of the LRIR FHA CG in relation to the
spacecraft.
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4.5 DATA ‘PROCESSING OPERATION

The en:ite chain of 2vents from observations by LRIR from the
spacecraft through tahe data processing flow, data analysis, and
archiving is encompassed by the scope of functional data processing
requirements. Principal stages in the processing occur at
Meteorologicalbata Handling System (MDHS), at the Honeywell
Radiati~n Center (HRC), and at the National Center for Atmospheric
Research (NCAR). MDHS prepares both experimental data and
supporting data for transmittal to HRC. Data reduction and pre-
paration of archival tapes are accomplished at the Radiation
Center. The data are verified and analyzed at NCAR before being
transmitted to National Space Science Data Center (NSSDC) for
storage and eventual dissemination to scientific users.

4.5.1 Scientific Significance of the Data

The LRIR, the first satellite-borne limb scanning radiometer, will
open a new avenue for observing the upper atmosphere by demonstrating
the usefulness of the limb scamning technique, and by proving the
concepts of instrument requirements and experiment design developed
by the science and engineering teams. Future experiments, based

on the experience and results of LRIR, will benefit immensely from
these data.

Of more particular immediate interest, the LRIR will return
measurements which will yield atmospheric temperatures from 15-60
km or more with high vertical resolution, ozone concentration
from 15-50 KM or more, also with high vertical resolution, and
water vapor from 15-45 KM or more.

The last few years have seen an enormous increase in emphasis on
stratospheric research, as the importance of ozone in shielding
the earth from biologically harmful ultra-violet radiation has
been realized. It has also been appreciated, for the first time,
that the chemical balance creating ozone is very fragile, and
subject to modification by human activities. To date, suitable
long term global observations and understanding of the stratosphere
and mesosphere have lagged behind our need to know about them.

The LRIR, by providing information on temperature to high altitudes,
will allow studies of diurnal variations and detailed energy

4-30 i
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‘budgets ~ Also, by integrating the hydrostatic equation, the-
‘geostrophic W1nds can be calculated and used to estimate transports
of trace gases-as well as for checking numer1ca1 models of the -
dynamics.  The high resolutlon will also allow study of the up-
.ward propagation of planetary waves with short vertlcal wave-

lengths.

" The ozone profiles will allow study of the transport prodnction,

and depletion of ozone in the stratosphere, as well as providing

.some information on its diurnal variation. One important point

is its use in establishing a baseline against which future
measurements may be compared. From the distribution of water vapor

~ with altitude, it will be possible to be more precise on the H20"
" contribution to the energy budget of the stratosphere and its
“effect on ozone photochemistry above about 40 KM. Global measure-

ments of concentration should lead to much more precise knowledge
of the paths by which water vapor enters and leaves the stratos-
phere, .and, .by 1nference, of troposphere stratosphere exchange.

‘One of the most spectacular, and least understood phenomena of

the upper atmosphere is the sudden explosive warming. If the LRIR launch
occurs at a suitable time, the initial phase of such a disturbance
can be see at high altitudes, and followed in detail as it propa-
gates down to .the stratosphere. The _changes that occur are not
fully known, nor is the observed connection between the stratos- .

o phere, mesosphere and. ionosphere D-Regions. The LRIR observations

should shed a great deal of llght on these dramatlc phenomena

4, 5. 2- M)HS Pata Proce551ng

The principal functlons of MDHS w111 be Command Data ACQUlSltlon,
Data Reformat, Data Merge and Engineering Support.' In general,’

. MDHS acquir:s both experimental data and supporting data for

- eventual transmission to HRC. The LRIR ground flow of these data
.is shown in Figure 4-13. 'MDHS prepares both LDT's and UFOT's.
.LDT's iriclude digltal data from HDRSS relating only to the LRIR

experiment. UFOT's consist. of data combined from several sources

- including ephemeris information, VIP data pertalnlng to LRIR, ACS
data, NOAA forecast meterological data and processed. PMR .and HIRS

data in a .stacked format, not necessarily coincident in time. It

1s noted that PMR and HIRS processed data may be transmltted to

HRC on separate tapes.
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4.5.3 Data Processing at Honeywell

The Radiation Center has the responsibility of data reduction

and preparation of archival tapes for transmittal to NCAR. This
data reduction process is shown in the block diagram of Figure 4-14.
Several steps must be taker during this processing sequence. Each
of these steps are discussed briefly in this section.

4,5.3.1 Decalibration and Profile Annotation

The decalibration program indicated in Figure 4-14 operates on

both the LDT and UFOT provided by MDHS, to produce the Radiance
Archive Tape (RAT). The RAT consists of all limb radiance and

calibration observations made by the LRIR, located according to
tangent point, and indicates the attitude of the spacecraft and
condition of the instrument. :

The computer code for this phase unpacks the data tapes, sorts the
information, applies calibration factors to the observations
(including corrections for radiometer non-linearity) and prepares
an archival tape. The Instrument parameters required for this
function are noted in Figure 4-14.

In addition to the above, the tangent point calculation is performed
for each profile set. The satellite position will be known quite
accurately at any time from ephemeris information. However, the
position coordinate of interest to a user is the apparent observation
point of the data at the earth's limb. The location of this point
is over the scan track, half way through the atmosphere at an
altitude of about 30 km. The geographical location of this position
may be calculated from S/C coordinates and attitude information at
time of observation. Refer to Figure 4-15.

The RAT is the principal input of experimental and supporting data
to the inversion process.

4.5.3.2 Profile Selection
Profiles are obtained every two seconds, or every 12 km along the

earth's surface. Owing to the nature of the phenomena being
investigated, it will not in general be necessary to invert every

_profile. A frequency of inversion of approximately every 400 km
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along the scan track will usually produce sufficiently dense
coverage. Thus, approximately every 32nd profile will be inverted,
or roughly one profile per minute. '

Profile selection will be based on making sure there are adequate
calibration data ard parity checks, that there is a down scan
followed by a good up scan, that the S/C attitude control system
values are not anomalous, that the radiance error values are not
exceeded, and that there are not gross errors.

For down-up profile pairs that pass this selection process, the
S/C rate about the scan axis is determined by noting the motion of
the limb relative to S/C fixed reference points. This determined
motion is added to the scan mirror motion, to get an accurate
spacing of the data samples. These samples are rnominally 1.5 km
apart at the horizon, but S/C motion of 0.0l°/second will lead

to a 1% change in the spacing of the points. (Accelerations
normally encountered are either too small to have an appreciable
effect, or so large as to be immediately noticeable.)

The radiance data are then fitted with a least-squares cubic
spline, and then data interpolated tc standard levels for inversion.

A cloud detection algorithm is introduced at this point, to determine
the lowest altitude to which the inverted results will be obtained.

4.5.3.3 Inversion of Radiance Data

The inversion algorithms intended for this process will be a

modified version of the statistical approach used previously by
experimenters dealing with nadir viewing instruments. In order

to examine fine scale structure during blanket inversion investigations,
an iterative statistical approach and/or an iterative convergence

of the radiative transfer equation may be employed. Instrument
parameters required are also shown on Figure 4-14. Any inversion
employed in the reduction of LRIR data must meet the science data
requirements listed in Table 4-8.

Goals for the temperature inversion are to obtain temperatures
with 3°K RMS error to 75 km, and slightly larger error to nearly
90 km, and to map the locations of surfaces at 5, 2, 0.4 and 0.1

‘mb pressure with +70m precision.
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'TABLE 4-8 -
LRIR SCIENCE DATA REQUIREMENTS
PARAMETER * AGCURACY ALTITUDE RANGE (to)
Temperature #3°K rms ° © 15 to 54 km '

1 mbar (48 km)
1 mbar (48 km)

. 1.mbar (48 km)
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" The ozone and water vapor distributions are determined in principal

from the inverted temperature profiles and the radiance profiles
in channels 3 and 4. It is expected that these will also be
determined as part of the same statistical approach mentioned
above.

A goal for the inversion of these constituents is to obtain ozone
to 20% at 0.1 mb (roughly 64 km), where day-night differences may
be measurable, and to measure secondary maxima of ozone in the
lower stratosphere, from 15-22 km altitude.

. Absolute Height Calibration - The temperature and constituent data

are obtained as functions of pressure, or alternatively of
relative altitude assuming hydrostatic equilibrium. Absolute
altitude should be known in order to compare results with other
observations such as rocket soundings. This will be accomplished
by matching LRIR temperature vs pressure data against standard

‘maps.prepared by the Naticnal Meteorological Center (NMC).

NMC currently prepares by objective analysis lower-stratospheric
weather maps at the following standard pressure levels: 100, 70,
50, 30, 10 mb. Maps are prepared daily for the two Greenwich times
00 and 12, but are produced only once dally. Data are available

- for the MMC grid on tapes within 24 hours, and will be provided on

the LRIR UFOT.

. The result of this stage in the analysis will be the Inverted
. Profile Archival Tape (IPAT).

4.5.3.4 Objective Analysis and Mapping

The last stage in the orderly processing of data is the objective

" analyses of profile data on IPAT. NOAA meteorological data will

be incorporated in these analyses as indicated in Figure 4-14.
The archival product generated from this stage of processing is
denoted the Map Archival Tape (MAT).

Typically, meteorological data are presented in the form of
"synoptic maps', i.e., quasi-horizontal distributions of the
meteorological variables for particular pressure levels and

There are many reasons why it is desirable to reduce the
satellite data to standard "synoptic" form - comparison with
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standard data, .tie-on with standard data, incorporation into
prediction models, etc. This leads to the concept of mapping

the LRIR data - not only interpolating the data to standard

grid points at standard pressure levels, but also to standard
Creenwich times. The interpolation in time, of course, Iimplies
the assumption that no large changes in meteorological conditions
take place over the time period involved. Alternatively, we
filter out such changes if they exist. 1In fact, our experience
with the lower stratosphere up to 10 mb indicates that time
changes are slow. Even during periods of stratospheric warmings,
changes over a perjod of 24 hours are small, compared with the
large-scale changes that take place during the entire warming,
which may run its course during 1-2 weeks. There is no guarantee
that this is true at higher levels, say, near the stratopause.

Standard pressure levels in the lower stratosphere are as mnoted
above, at 100, 70, 50, 30, 10 mb. It is desirable to adhere to
these. 1In selecting pressure levels above 10 mb, we should keep
in mind the rule-of-thumb that halving the pressure corresponds

to a height increment of 5-6 km, depending on the mean temperature. .

NMC personnel have produced historical maps at 5, 2, and 0.4 mb

(averaged over a week) based on scattered rocketsonde and radiosonde

data. If they are still doing this during the NIMBUS F period,
then we should map and compare at the same levels. Levels cf
S5, 2, 1, 0.4 and 0.1 mb are the minimum number of levels to be
mapped.
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4.6 LRIR/HDRSS TRANSMISSION FORMATS

The LRIR data words are 72-bit words and formatted as shown in the

- accompanying figures. There are seven different data words, but

only three different.formats. The data modes represented are:

Nc Scan S
Acquisition Scan T _ . S
- Adaptive Scan » ~Similar Formats - Type.l Data Word

Positioning (slew1ng)

Space Calibrate B '

Source Calibrate o Type 2 Data Word -
Time Readout - . S Type'3 Data Word

Data readout is 1n1t1ated by the 1ncrementa1 change of the scan-

- angle encocer for all scanning modes, and on a timed, or continuous

readout basis, for all other modes.’ It is impe ratlve to- maintain
scan angle readout accuracy as high as possible. This can only be

- done if data is taken at the moment of a scan angle increment change.
. Since the scan drive is analog, the scan rate . is not sufficiently

dccurate to prov1de constant time and rate data sampling. . There-
fore, the data readout rate is an approximate number, not an

exact number. Based on a scan rate of half a degree per second

and an encoder increment- of 40 arc-seconds (one degree per second
and 80 arc-seconds in object space), the nominal sampling rate is
about 45 samples per second during the linear portion of the scan
cycle. The bit rate of 4 kHz will accommodate a sampling rate of

. approximately 55 words per second, so sufficient margin for scan

nonlinearity is provided. A samplxng rate of 45 samples per -
second with a bit rate of 4 kHz could result in a nominal word
length of 29 bits. Since 72 are sufficient to encode all the
information for a given data point, the space between words is
filled with binary ones to maintain an uninterrupted bit rate.

4.6.1 Data Word Type 1

A detalled descrlptlon of data word - type 1'is presented in
Flgure 4-16. The interpretation of each mode designation follows

in the dlSCUSSIOH of thls sectlon.

' No Scan - All zeros in. the mode de51gnat10n denote a no-

scan condition (other than the calibrate modes). The scan
"mirror is stationary and positioned at scan null. This

mode is in effect only when power is first turned on and

L -0
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when no oberational commands are in effect. A type 1 data

" word will be readoutduring this mode. Readout will be

time-base generated and there will be no filler bits between

_data words.

“Acquisition Scan - The mode designator is 010 for acquisition

scan, arnd a type 1 data word-is read out . Data readout is
initiated by detection of angle encoder pulses which will
occur at approximately 45 times per second during linear

scan. Filler bits nomlnally number1ng 17 #10 will space

the data- words.

" Other data in byte 1 of the data word are the status flags

which are defined in the figure for a type 1 data word.

“The remalnlng four b1ts of this byte are zero.

Bytes 2 through 5 are the radlance channel outputs. Byte

6 consists of a parity bit in bit one (bit 61 of the complete
data word), and 11 bits constituting a synch word. A

parlty check is made of the previous 60 data bits and a

- "1'" is inserted if the number of ''ls" present is even.

However, there are an odd number of ''ls" in the synch word

. .which means that the entire 7? b1t word w111 contain an :

even nmeer of "ls

Adaptive Scan - Except'for a wode ‘designation of 001, the

~adaptive scan data word is identical to that for acqulsltlon
‘scan. - - : .

SleWing - The slewing mode is identified by 101 in the' -
mode bits. The slewing mode is entered only during the = °
automatic calibration sequence of the adaptive scan cycle.

‘when angle encoder outputs are received -too rapidly to

permit an orderly generation of data readouts (less than
12.5 msec apart) :

‘As the t1me ‘between encoder pulses decreases ‘the slew mode

is entered and data readout is determined by a fixed time -

-base with no filler bits between words. The time base
readout continues through the calibration sequence and ends

when entry into, the normal scan pattern is resumed.

po ._ 482
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The slew mode is not identified during any other modes
of operation (such as command calibration modes when
slewing to and from calibration is affected).

Space Calibrate - A mode designation of 100 icentifies
space calibrate. The word format is similar to the
previously discussed modes. Like the no-scan mode, data
readout is synchronized to a time base and no filler
bits are used (data words follow each other without

interruption at approximately a 55.5 samples per second
rate). .

4.6.2 Data Word - Type 2

A detailed description of data word - type 2 is presented in
Figure 4-17. This type of data word corresponds to a source
calibration condition of the radiometer. A two bit designation
of 11 denotes this condition. The remaining ten bits of the

first byte are usczd to indicate the temperature cordition of the

in-flight calibration source. All other remaining bytes of the
data word - type 2 are the same as those for type 1. Like space
calibrate above, source calibrate mode utilizes a time-base
method of readout.

4.6.3 Data Word - Type 3

A detailed description of data word -~ type 3 is presented in
Figure 4-18. The third type of data word format is that for the
time code. Mode designation is 0ll.” Time code is readout when
scan stop (or slow down) is detected, or scan turnaround is
detected. Spacecraft time is updated every second, and the data
word immediately following the update is flagged with a time
event bit. The time will not be readout, however, until the next

scan turnaround or the next scan stop (as in a calibration sequence).

The scan-stop initiated readout requires time to have been updated
since the last time code readout, and units seconds to have been
updated since a time event signal. This will insure that the
time reading is up to date, but more important, will prohibit time
from being readout continuously all the time that scan is stopped.
Scan turnaround does not have this same restriction. Turnaround
will cause one time code readout regardless of the time update
status, provided that a slew mode is not indicated.
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Any turnaround during slew is probably overshoot and not a true
scan turnaround situation. Also, since slew is only identified
during automatic calibration, it will always be followed by a
period of scan stopped, in which case time will be read out.
Because the experiment timing is derived from the spacecraft
clock, thie scan timing will always be phaselocked with spacecraft
time, although the phasing is unknown and different for each
power-on period of operation. It is possible to be in a time-
read lock-out period at every scan turnaround if a time-for-update
delay were required for turnaround-initiated time readout.

These two conditions for time readout mean that it is possible

to have two time code readings close together, or even con-
secutively, if the transition through turnaround is first seen
as a slowdown (scan stopped indication) followed by a turnaround
signal. This situation is not important to the data because data
from the radiometers during turnaround is not significant to the
scientific aims of the experiment.

The rest of the data word format includes an A/D converter calibration
word in byte 4, zeros in byte 5, and parity and word synch in byte

6. As evidenced from the discussion above, the time code mode can

occur within a time-base initiated readout or during encoder-
pulse initiated data, meaning the number of filler bits can vary
from none to maximum.
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SECTION 5
PM QUALIFICATION TESTS

5.0 INTRODUCT ION

Cnalification testing of the LRIR Protoflight Model was conducted
between December, 1973 and August, 1974 to demonstrate that the
design of the LRIR is in accordance with the requirements of the
LRIR performance specification after being subjccted to the
following induced environments:

Vibration
Electromagnetic Interference
Thermal-Vacuum

The vibration and EMI testing was conducted at the Acton Environ-
mental Testing Corporation (AEIC) in Acton, Massachusetts. Thermal-
Vacuum testing was conducted at the HRC facility in Lexington,
Massachusetts.

The environmental tests and performance tests were conducted using
NASA approved engineering test procedures prepared by HRC. The
LRIR Protoflight Model had successfully completed flight acceptance
performance testing prior to entering the qualification test
program. Flight acceptance performance testing was successfully
conducted at the conclusion of the environmental aualification

test program to verify the LRIR performance is within specifica-
tion limits after being subjected to induced environments,

Test monitoring and control were accompliched using the LRIR Bench.
Control Unit (BCU), Ground Servicing Equipment (GSE) and supple-
mental standard laboratory test equipment.

5.1 12ST PROGRAM

The environmental qualification test program is summarized in

Figure 5-1. The LRIR performance testing began on December 19, 1973,
The qualification test program concluded on August 9, 1974,

5.1.1 Pre-Environmental Qualification Tests

Prior to subjecting the LRIR to vibration, the performance of the
LRIR system was verified by conducting the following performance

tests.
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Power Requirements and Variations

ETP-F-010, Rev. C
Housekeeping Functions ETP-F=-020, Rev. D
1.imb Track Limits ETP-P-010, Rev. A
Off Axis Rejection ETP-F-021, Rev. A
Scan Mode Response E12-F-940, Rev. C
Modulation Transfer Function ETP-P-022, Rev. C
-Radiometric Response ETP-P-030, Rev. B
Reproducibility & IFC Calibration ETP-P-031, Rev. B

‘Summaries of the performance test data are given in Tables 5-1

thru 5-9. An engineering evaluation of the test data verifies
that the LRIR system performance was within acceptance limits
before subjecting the LRIR to the Qualification test environments
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Table 5-1

- PCWER REQUIREMENTS AND VARIATIONS

Tes: Date 12-18-73 ETP=F-0l0 hev. ¢
PATA SLMMARY
24,5 VC ! 25,05 v 73.79 VX
VIiP Gizitel No Anocalies No Anoraltes No Anomalics
2 Data
R4iS Data No anomalies No Anocalies No Anomalics
VI? Analog
Douta
SCAN MTR Currernt -3.2%0 -“3.34% -3.351
Scan Grerride
{-3.30 = 0.3)
Scean MTR Current -3.20% -3.201 -3.19¢
Ipaze Cal
{(~3.30 2 0.3)
Scan MTR Current -3.1€3 -3.1% -3.1%9%
Source Cal
£-3.30 3 0.2}
Scar MTR Current -3.208 <3.1% “3.159
tncaze
{(+3.30 2 0.2)
=15 vDC -5.0% -5.05%9 =5.059
3can On
(=500 ¢ .25%)
fetector Texp. -Ll%28 k402 5419
-2.3€0 -2.394 -2.40)
n
i-2.0 2 0.5)
ry Para. 4.2+ «7.3Tc -7.333
on
x C.%)
Cryvo. Shield Temn -3.361 ~3.360 -3.359
. On
: .3)
Temp 1 -2.27> -2,2% -2.,01
n Ot
N 2 .5
le Temp 2 2.,2:% -2.3006 -2.:)2
xan On
.8
Eaffle Temp 5* 2,267 -2.292 “2.30%
fcan Om .
-2.02 .5
Scan Mk Teap -2.32 -2.3¢7 «2.302
Zzan Om
2.0 213y
Hausing OMP Texp -2.336 : -2.370 -2.30
Scan On
-2.0: .5
1FC Source Tecp -3.0.) ). 0ks -3.063
Source Cal
-3.00 = .1%
FEU Elec., Terp -2.278 =2.30% -2.321
Source Cal
=2.0 =+ .5
IEU Elec. Temp «2.4kd «2.4676 -2.471
Source %.l
2202
L ilo

Tnls thernistor was later moved onto the IFC blackbody source and

called "Blackbory lemp.™

5-4
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o ' OFF- AXIo RLJ tCTION

Test date  12-20-73 - ETP-P-021. Rev. A

 DATA SUMMARY

CHANNMEL

A Energy out51de cne o S . : S
- IFOV. - . S 1 .2 3L b

37.5- 3.2 20.6 - 10

%'Energy outSidenth' B S o o
LTV e 12 20 0 T

#% Measurement was not performed with 2 IFOV target beca;*e of cross-
coupling-into the second Channel-4 detector.. - - :

-Requirement: Less than_40% outside l‘IFOV.
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NN : : Table 5-3
LIMB TRACK LIMITS

- . TEST DATE 12-19-74 ' ETP-P-010 Rev.

DATA SUMMARY

‘3_ * Limb Track Point - 9 of Peak Radiance ------- 45%

- o - Minimum Earth/Space Contrast Tracked -------- <013wm Zsr”

1 - COMMENTS AND CONCLUSIONS

- "Tracking point on earth limb must be at 407 +5% of peak
: radiance for limb profile being tracked; test measured 45%,
within spec.

Tracking must be performed over an earth-to-space radiance
contrast of 107 of maximum expected orbital radiancei 1.86

T win-2sr-l. Minimum contrast tracked was .13 “ﬁ1'25r' , within
spec.
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Test Date

2/2: /1%

_ _Table 5-4
HOUSEKEEPING FUNCTIONS PERFORMANCE TEST

DATA SOMMARY

ETP-F-020 Rev. D

VIP Digital %o Anomalies
B Cata
HDRSS Data No Anomalies
Vi? Analog Data Lizits’ Readings
Szan MTR Current -3.30 2 0.3 -5.300
I-ar Cverride
Scan MTR Current -3.30 s 0.2 -3.2€1
Space Cal
Scan MTR Current -3.30 + 0.2 -3.200
Source Cal
Scan MTR Current -3.30 » 0.2 -3.2Q2
Ungage
-i% vaC -5.100 2 255 -5.076
Scan On
Detector Teop -4.45 £1.20 -4.2e8
Scan (m i
#Cryogzen Ext. i -2.0 + 0.5 -2.¢€2
Scan Cn ! (RM Teap x.121.0)
H
#Primary Para. -2.0 + 0.5 -2.55%
Scan On (=M Texp x.121.0) :
Cryo. Shield Temp <3.3C + 0.3 -3.331
Scan On
%Baffle Temp 1 -2.0C = 0.5 -2.564
Scan On {RM Temp x,121.0)
#8affie Teop 2 (-2.00 + 0.5) -2.560
Scan OUn (KM Temp x.121.0)
Blackbody Temp -4.0: 2.0 ole b OG
*Scan MIR Tenp -2.0-.5+ 1.0 -2.6%9
Szan On (R™ Temp x.121.0;
*5ousing OMP Temp -2.00 + 0.5 2,641
Scan On (R Temp x.121.0)
IFC Source Temp -3.00 = 0.15 -3.011
Source Cal
*7€ Elec. Texp H -2.0 & 0.5 -2.657
Source Cal (XM Texwp x.141.0}
R4
*1EU tiec. Temp 2.0 +1.0 -0.5  ; -7.E3
Szurze Cai (RM Texp x.121.0) 1
(- : }

*VR repcrted cut-ci-spec conditfien.

ceq:ired !imits as shown in parentheses.

n
[
-

{orrec:

{ve action changed
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TEST DATE 3-1-74

" Table 5-5

}MODULAT[ON TRANSFER FUNCTION

ETP-P-022 Rev. C =

DATA SUMMARY

" Square Wave Rééponse

FREQUENCY

_CHANNF]

2

&

(cveles/mr)
213
226"

- .283
378
565
1.130° .

.98
1.02°
1.02

.91
+75

.15

.96
1.00

.89 -

.98

.67
.11

.98
77

12

Lo |
1,05
1.00 -

.90

92
.71

.38

 COMMENTS_AND CONCLUSIONS'

‘4Modu1ati§n transfer furction results were below design capability
~ value for channels 1, 2 and 3 by # 107 and were better than
design capability for. channel 4, '

- 5-8
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Tabls 5-6
RADIOMETRIC RESPONSE

" TEST DATE 3-1-74 ETP-P-030 Rev. B

DATA SUMMARY

OUTPUT VOLTAGE Nﬁﬁ
CHANNEL 1FC 7ERO SCENE Jwm <sr™i
1 §.67 0.80 . 0031
2 8.76 0.80 © L0043
3 8.76 0.92 .0096
4 8 .64 0.62 L023

COMMENTS AND CONCLUSIONS
REGQUIREMENTS :

1. Dynamic Range - At the IFC Source Cal position and with
the IFC source temperature at 320 *1°K, the output voltages
of each of the four LRIR radiance channels shall be 9.0
40.5 when testing in the HRC space chamber.

2. Zero Offset - The response curve (volts out vs target radiance )
when extrapolated to zero target radiance shall cross the
volts out scale at 1.0 +0.5 volts.

3 NEN - Noise equivalent radiance in all channels shall not
exceed 0.01 wm2sr™l,

The results of the Radiometric Response tesc summarized above

verifies the LRIR Dynamic Range, zero offset and NEN meets the
design specification requirements except for chanmnel 4 NEN.

5-9
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oy - Table 5-7
R ' SCAN MODE RESPONSE

TEST DATE 3-1-74 ETP-F-040 Rev. ¢ '

'DATA SUMMARY - -

Limb Track Centering - .. Track Point ‘36,3 %
oMPg - L ) " “RVDT Voltage ‘.1, QRAV.
" Space Calibrate E T _ RVDT Voltage -2.238V

.4°°arse'Ang1e Pulse to Space Cal Counts 39
Source Calibrate . - f - ' . RVDT- Voltage 25.649

Coarse Angle Pulse to Source Cal Counts 2.0

- ~ COMMENTS AND CONCLUSIONS
REQUIREMENTS: '

1. The LRIR system aqu1st10n and track of a radlance 51gna1
. which is' 35-45% of the radiance contrast observed on channel
1 during the normal scan cycle of a simulated earth 11mb target.~:

2. Verify scan -mirror p051t10n1ng for the follow1ng 11ne of-
: s1ght angles, on command:

- A. OMP ¢ - within 0.5° of 1n1t1a1 settlng, i.e. RVDT
~ voltage within *.075V of baseline value of -1.069V.
B. SPACE CAL - within #0.5° of initial setting; i.e. :
i RVDT voltage within #.,075V of baseline value of -2.238

"and coarse angle pulse to space cal counts within 23
counts of baseline value of 32. -

‘C. SOURCE CAL - within +0.33° of 1n1t1$1 settxng, i.e.
-~ RVDT voltage within +.050V of baseline valué of -5.649V

- and coarse angle pulse to source cal counts w1ph1n
6 counts. of baseline value of 5. ‘

Thé results of the Scan Modé Response test ‘summarized above
verified the LRIR meets the design specification requirements:
i

. 5-10
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Table 5-8 .
SCAN MODE RESPONSE COMPUTER DATA ANALYSIS

TEST DATE 3-1-74 ETP-F-040 Rev. C
ANOMALIES
.COMMANDED MODE WORDS HARDWARE | % SOFTWARE %
Scan Override 6356 11 17 3 .04
cap On 3312 2 200 1 03
Non-Scan - -- -—- - ---
TOTAL . 9668 13 13 4 04

COMMENTS AND CONCLUSIONS

A review of the computer data printout was made to determine
" system data processing capabilities. The mod~ byte for each
word was reviewed. Anamolies were classifiea into a category
of either hardware or software. Hardware errors consisted of
missed encoder flag, erroneous scan stop indication, multiple
coarse angle pulses, unwanted time code. Scftware anamolies
consisted of presence of parity error, missing data word, ....

Data processing anamolies were found to occur at a freqLency

of one per thousand data samples or less, well within acceptable
data processing requirements.

5-11
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] 0'-:‘. Table 5-9

REPRODUCIBILITY AND IFC CALIBRATION

VAR TEST DATE  3-1-74 ETP-P-031 Rev. B

DATA SUMMARY

Source Temperature Variation _0.0 Volts

T Source Position RVDT Voltage -5.600V

COMMENTS AND CONCLUSIONS

1. The maximum spread for the reduced IFC voltage shall be
+.020 volts. The LRIR source temperature stablllty is
within the required specification limits.

' h 2. The source position RVDT voltage shall be within #0.25V

' - ' of the RVLT voltage corresponding to the baseline IFC

' ' source centerline position. The LRIR source position

: o RVDT voltage is within 0.032V of baseline voltage (=5.649V
A baseline) and therefore meets the required specification
limits.

5-12



- 5.1.2 Vibration

- The PM IEU and FEU were subjected to sinu501dal and random

. vibration testing to the levels specified in Table. 5-10.

The electronics were functionally tested per ETP-F-060 after
being vibrated in each axis to verify that the performance of the
electronics was not degraded. The results of the performance-
tests showed no sign of degradation of the electronics’ due to
environments of vibration in the X, Y and Z axes.

'The FHA_was transported ‘to Acton Environmental Testing Corporation
for vibration tests, A baseline Housekeeping Functions Performance .

‘, Test was performed at HRC before shipment and a second House-

"keeping Functions Performance Test was run at AETC prior to.

~ vibration testing.  The FHA was subjected to vibration testing

in three axes to the levels shown in Tables 5-11 and 5-12,
‘Performance testing was -conducted after each exposure as shown
. in Figure 5-2. Figure 5-3 shbWs the FHA on the shaker for
-vibration testing in the X-Axis." The engineering evaluation '

of the LRIR system concludes that the LRIR operated within
_specification limits after being vibrated to the limits shown in
Table 5-12. The results of the Housekeeping Functions Performance
Tests are summarized in the fol]ow1ng tables,

TABLE c . TITLE

513 Filler Bit and Anadex Data - |
5.4 - VIP Digital B Data and Scan Motor Current
. s (acquisition and adaptive)
3-15 - VIP Analog Data . -
5-16 o - Encoder Pulse Count with and"'
o 7 _ without reset : .
5-17 ' ) RVDT Output with and without
s ~ reset
- 3=18 © - "LRIR Radiometric Data
5~19

' Computer'Output Analyses .

' 5-13
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" FREQUERCY
RANGE HZ

5-100

1100-200

200-900
900-2000

Table 5-10

IEU-FEU VIBRATION TEST LEVELS

Amplitude in "g" (zero to peak)

SINUSOIDAL Z & Y AXES

AMPLITUDE (g-0 to

THRUST (2)

3.5

peak )

LATERAL Y

Sweep rate at 2 octaves/minute limited to 0.5" D.A.

FREQUENCY

RANGE (HZ)

5-100
100-200
200-900
900-1600

1600-1700
1700-2000

AXIS

Thrust

Lateral

et S

SINUSOIDAL X-AXIS

AMPLITUD

E

(g 0 to peak)

7.5
3.5
5.0
3.5
2.1
3.5

RANDOM

FREQ RANGE (HZ) POWER SPECTRAL

DENSITY(g“/Hz)

20-2000 .09
20-900 .09
900-2000 .05

5-14

F e At am e e iea e

g-rms

13.4

11.6
11.6

DURATION
(Minutes)

2
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T _ Table 5-11

FHA VIBRATION TEST LEVELS

11 March 1974

SINUSOIDAL VIBRATION SURVEY

5 to 2000 Hz "at 2 oct/min 1 g peak limited to 0.5" D.A.

-. FREQUENCY RANGE
: Hz

= 5-14

. 14-20

N 20-36

- 36-42

‘ 42-200
200-2000

FULL LEVEL SINUSOIDAL VIBRATION LEVELS

AMPLITUDE
(g 0 to pesk)

3.0%

W N
[eNeoNaNeoN o)

NOTE: Sweep rate at 2 octaves/minutes limited to 0.5 D.A.

- FREQUENCY RANGE
: Hz

- 20-40
' 40-2000

> RMS accel. - 13.3 g
o Duration - 2 minutes

5-15

RANDOM VIBRATION LEVELS

P.S.D.
(g2/Hz)

0.02
0.09
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_ - Table '5~1Z
FHA VIBRATION LEVELS
22 May 1974

SINUSOIDAL VIBRATION -
X Axis {10 - 1000 Hz at :Sg

14 -'19 Hz at lg

% 10 - 16 Hz at 2g
19-200 Hz at " 2g

Y Axis

(10
16

13 Hz at. .5" DA
! 25 'Hz at 4.7 g's
B - 125 - 34 Hz at 4 g's: .
- Z Axis § 34 - 44 Hz at 2.4 g's’

" Y4b - 120Hz at 4 g's
120 -~ 165 Hz at 1 g .
165 °~.200 Hz at 4 g's

.

S RANDOM VIBRATION -

, X szs and Y Axis 4 _
20 - 40 Hz from OL g /Hz to 03 gz/Hz
40 - 1000 Hz at .03 g 2/, :
1ooo - 2000 Hz ‘from o3 gZ/Hz to .01 g2 Hz

- Z Axis; -

20 Hz - 1000 Hz at .03 gz/Hz | -
+.1000. Hz - 2000 Hz from .03g2/Hz to .01 g2/Hz

P 5e16.
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" Table 5-13

VIBRATION DATA SUMMARY .-

FILLER BIT AND ANADEX DATA

DATE

ANADEX DATA (<3 x Baseline)

TEST FILLER BITS
- ) : (shall be <18) RAD 1 [ RAD 2 RAD 3, RAD &
5/22/74' 'HRC Baseline 10, 10 7 3. 38
5/23/74 | Post Ship to AETC 13, 14 9 0 37
5/23/74 | Post Y.-Axis Survey’ ———— _ f‘;' ------------ e I
“ | 5/23/76 - | Post ¥-Randen 0, & | s 16 | 36
B 5/23/74' " Pre Y-Axis Survey -———- [T USRI ~———
f 5/23/74 Post Abdrted'Y:Survey 2,3 6' 4 10 31
=] 5/23/74- Posf'Y-AxisJSurvey o m--- R [Ty [t -
- | 5/23/74 | Post Y-Axis Sine' 4,3 7 1 8 25
.5/23/74 Post ¥-30 Sec Random | - -==- e e B ~—--
- | 5/23/74 | post ¥-60 Sec Random | ---- R NSRS [PTTS e
- 5/23/74 ‘Post Y-90 Sec Random | =--- L el -——-
5/23/74 Post Y-120 Se@lRéndom 4--;- R R el Bl -—--
.- | 5/23/74" | Post  Y-Axis Random | "3, 4.-. '8 2 8 35
- 5/24/74 Pre Z-Axis Survey - ———- ORI IS [ —_——-
. 5/24/74 _Post Z-AXiS_Survéy .- T R Lt -————
| 5/24/74 | Post z-Axis Sine. 3, 2 - 8 3 8. 28
. 5/26/74 Post Z-30 Sec Random | =---- SRR R TS, —---
) s/24/74 Post Z-£0 Sec Random ———— IR TN I PR - -
5 5/24/74 Post z-90 Sec Random ---- cemm [ wmmmee | meenme | e
B 5/2&/74" Post 2-120 Sec Random| =--- T B B c———
? 5/24/74. | Post 2z-Axis Random’ '5; 6 9 7 - 34
© ] 5/25/75 | Post Ship AETC to HRC| 2, & 9. 9 38 .
Pt ’
5'22
i i 5-1¢
i |
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< Table 5-14
- VIBRATION DATA SUMMARY
. VIP DIGITAL B DATA AND SCAN
' MOTOR CURRENT (Acquisition,and Adaptive) '
= DATE TEST i L VIP. DIG| RECORDED SCAN MOTOR CURRENT
B DATA ACQUISITION & ADAPTIVE
(ma - peak to peak)
i 5/22/74 HRC Baseline | 20
I 5/23/74 Post Ship to AETC 20 .
- 5/23/74 Post X-Axis Survey --
L1 . :
i 5/23/74 Post X-Axis Random 40
;é 5/23/74 Pre V-Axis Survey --
i :
5/23/74 Post Aborted Y Survey 25
W ' . :
R 5/23/74 Post Y-Axis Survey --
i 5/23/74 Post Y-Axis Sine 25
5/23/74 Post Y-~30 Sec Random n --
K ' ' -
& 5/23/74 Post Y-60 Sec Random - --
' .
; 15/23/74 Post Y-90 Sec Random < --
- . Z
) 5/23/74 Post Y-120 Sec Random ° --
ii
i 5/23/74 Post Y-Aixis Random j 30
5/24/74 . Pre Z-Axis Survey ° --
. 5/24/74 Post Z-Axis Survey = --
i
e 5/24/74 Post Z-Axis Sine 30
5/24/74 Post 2-30 Sec Random --
.. 5/24/74 Post Z-60 Sec Random --
{8
= 5/24/74 Post Z-90 Sec Random --
i 5/24/74 Post Z-120 Sec Random --
5/26/74 Post Z-Axis Random 30
i
7 1s/25/74 | Post Ship AETC to HRC ] 35
1 5-20
=25 - = = L a =
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5.1.3 EMI

The LRIR was subjected to RF radiated susceptibility test as
specified in ETP-E-030, Rev. A on March 15, 1974.

A copper strap was connected between the bottom of the test item
holding fixture and the test bench. A Biconical Antenna horizontally
polarized was placed a distance of 1 meter away from the test item
at Position No. 1 as shown in Figure 5-4.

0.5 watts of power at 136.5 MHz, modulated 100% with a 943 Hz
squarewave, was applied to the antenna. The antenna was oriented
for maximum change in performance of the test item. RF suscepti-
bility was observed. The power level was reduced to find the
threshold level. Susceptibility was still observed at 10 milli-
watts Testing with 942 Hz modulation was stopped.

The modulation frequency was then changed to 1,000 Hz and sﬁscepti-
bility indications were noted on the test item, testing was stopped.

Testing was again resumed with the antenna placed in Position No. 1
and the RF frequency was 136.5 MHz at 307 modulation with a 4,000
Hz squarewave, The power to the antenna at this time was 0.5 watts,
A housekeeping function performance test was then performed. No
degradation of the LRIR performance was observed.

The antenna was then vertically polarized while stili at Position
No. 1 and a housekeeping function test again performed. No degrada-
tion of the LRIR performance was observed.

The antenna was then moved to Position No. 2 as shown in Figure 5-4
(i.e., horizontal polarization). Housekeeping function test was
then performed. No degradation of the LRIR performance was
observed.

The modulation frequency was then charnged to 943 Hz.

The antenna position was moved to find the most susceptible location.

At this location, power levels were changed from 500 to 1 milli-
watts, RF susceptibility was again observed atthis modulation

frequency.
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A 1og spiral antenna was then placed at Position No. 1 and a
1705.4 MHz signal FM modulated at 128,05 kHz was applied to the
antenna. The power level was 1 watt to the antenna. Housekeeping
function measurements were performed under these conditions. No
degradation of the LRIR performance was observed.

The antenna was .then moved to Position No. 2 and was the same field
strength as specified above, Housekeeping function measurements
were again performed. No degradation of the LRIR performance was
observed, :

The same antenna was then changed to Position No. 1 and the applied
frequency was changed to 2251.7 MHz. The RF was FM modulated with
4000 Hz. Housekeeping function measurements were performedthile
maintaining 1.0 watts to the antenna. WNo degradation of the LRIR
performance was observed.

. The antenna was then changed to Position No. 2 and under the same

conditions as specified above, housekeeping functional measurements
were again performed. :

The results of the Housekeeping Functions Performance tests tabulated
in Tables 5-20, 5-21 and 5-22 indicate that the LRIR did not deviate

from its performance specification when exposed to RF Fields at
136.5, 1702,5 and 2253.0 MHz with 4 kHz modulation.
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‘ . - " Table 5-21 o
- ~PM LRIR EMI COMPUTER DATA ANALYSIS
i
SCAN OVERRIDE <CAN ON _ NON-SCAN DATA
ANOMALIES : ANOMALTES ANOMALIES
) _WORDS { HOWR, | DATA WORDS { HDWR DATA L. i WORDS I HDWR { DATA
.- [Baseline 10,120| 65| 51|l s,888| o | .8 {3,5761 o 8
{136 Muz 943 sq.l o - | B AN -
“Aant Pos 1 Hor. '{10,080{ 161 49 H 4,800 8 9. 3,302 0 6
U136 Mz 4kHz sqf ... i . - C
" {ant. Pos. I Hor. | 1272881 253 83 || 4,800| 1 26 || 3,584 0| 16
136 MEz 4kHz sqf, 3 Y | ol o '
L oe Por 1 vere 12,0000 72 |72 fagoo) 4 | 8 f292| 0| s
~ 1136 MHz 4kHz ~ - 1 I ' . ‘
“|ant. Pos. 2 Hor.|L0764] 157 30 {5,336 3 | 16| 3,136 0 7
136 MHz 4kHz 1 R ' o , A
T{1702 MHz 128kHz | . o e o, L ' ans | |
- iAntenna Pos. 1 10,580 72 62 '~5,244. 2. 20 A3’8‘08' 1 15A
1702 MHz 128 kHz Can | o | cox o
Antenna Pos. 2 |10,;2o 98 60 || 5,628 & 14 |l3,89 0 0
12253 MHz - 4y Hz B Lo 4 . ‘ R ) _ .
Antenna Fos. 1 10,810| 101 52 ,5,069 1 1 4ﬁf37§84A- 0 3
12253 MMz 4kHz L | A - 1
[ ntenna Pos. 3 (11,730| 95 574 4,232( 1 2 U 2,912 0
i
37
i
L6
- S
3 o
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Table 5-22

MEASURED DATA SPREAD (PK TO PK COUNTS)

(Para. 7.1 Housekeeping Functlons Performance Tests ETP-F-020 Rev.

F)

BASELI\E BASELINE HCU;EKEE”ING FUNCTEONS TESTS
PRIOR TO |[AFTER
CHAN, |_.SHIP SHIP 1 2 3 4 5 & yi 2
4 8 5 6 7 4 7
2 2 5 3 2 | 2 2 0 0 1
3 10 6 3 6 3 8 {11 8 6 6
4 31 30 40 |31 [42 138 |34 |28 |32 i9

DETECTOR TEMP ~ 80°K NOMINAL.

TEST NO.
1

IDENTIFICATION

136 MHz 4kHz sq.
Ant. Pos. 1 Hor.

136 MHz 4kHz sq.
Ant. Pos. 1 Vert.

136 MHz 4kliz

~Ant. Pos. 2 Hor.

136 MHz 4kH2

Ant. Pos. 2 Vert.
1702 MHz 128 kHz

Antenna Pgs. 1

1702 MHz 128 kHz

Antenna Pos. 2

2233 MHz 4 kHz
Antenna Pos. 2

2253 MHz 4kHz
Antenna Pos. 2
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5.1.4 Thermal-Vacuum

Thermal vacuum testing of the PM LRIR consisted of a survivability
test and a performance test as shown in Figure 5=-5, Thermal Vacuum
Test Sequence. A baseline Housekeeping Functions Performance Test
ETP-F-020 was performed prior to closing the chamber door with the
unit sitting on the optical bench. The chamber dggr was closed

and the chamber was evacuated to less than 1 x 10 torr with the
LRIR interface mounting temperature controlled to 25°C. The House-
keeping Functions Test was repeated and verification of no degrada-
tion in performance was obtained. The LRIR power remained on with
the unit scanning across a simulated earth limb target while the
LRIR interface mounting plate temperature was varied over a

range of -5°C to +45°C for the period as shown in Figure 5-5.

During the entire thermal vacuum test the following functions were
continuously monitored on an eight-channel strip chart recorder: '

RECORDER CHANNEL DESCRIPTION

Channel 1 Radiance
Channel 2 Radiance
Charnel 3 Radiance
Channel 4 Radiance
RVDT

Fncoder (A Track)
Scan Direction
Scan Motor Current

O~V HWN

An example of a typical test monitor chart recording during the
survivability test is shown in Figure 5-7. In addition, LRIR
input voltage and current was monitored on a two-channel Brush
Recorder.

At the completion of the survivability tests, the LRIR interface
temperature was controlled to +15°C, +25°C, and +35°C for a
period of 20 hours. Housekeeping Functions Performance Tests were
performed at each temperature as indicated in Figure 5-6. Test
data taken during the thermal vacuum test is summarized in Tables
5-23 through 5-25., An engineering evaluation of the test data
indicates that the LRIR system performance did not deviate from
its performance specification after being exposed to the Thermal
Vacuum cycle shown in Figure 5-5.
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i it Table 5-24
‘ . SCAN DRIVE DATA
éA
e HOUSEKEEPING FUNCTIONS PERFORMANCE TESTC - ETP-F-020 KIV. ¢ (See Fig, )
: COMMAND
: 2 L2 1 s T o T e d 54 - 159 T Il a2l
: ENCQDER PULSE COUNTS
a0 ) N
. Calibrate (werride i
L (oMp € Positiont | “1936 | -1a1gf s1oed io7) +1032f +14Glf 41ly e3C3Y edeilf wlac) eladlf e1e39] 41459
: Space .alibrate +352 353 | -352 | -352( -352( -353[ =352 -352§ -352 352 -353 [ <3sa | -3%2
"
Calibrete Override :
(ONP § Position) | =350 | =352 1 4351} <3510 43501 #3501 #3510 «35L] #3501 #3511 352 ] 4353 | +351
source Calibrate |a1a12 | +1a1s] -teal] -12as) 12320 -1s3s] -1aal -143d -1aad -14aq o143 -1e3g] o143
Calibrate Overide —
~- (P § Position) | +49 449 | -39 | 52 } <12 | -1 -€1 | -4 € | -1 e | o-es | -5
. ipace Calibrate | +18 18 | =27 | 24 | ewt | -32 | 23 | -36 | -32 | -33 | <33 § -31 ) -3¢
Source Calibrate |.¢ -5 <30 | -30 | -34 [ -32 <30 { -u1 232 -3 -3 -2 31
o Space Caliprate +18 +18 -27 .24 Ll -32 -2 =38 | -3z -33 <33 -31 - 35
» RVOT VOLTABE
i Source Calibratiod =5.537] -5.e88] -5.771] ~5.774 -s.74d -5.754 -5.7¢q -5.75q -s.764 -5.7¢d -5.754 -5.75d ~1.7-
Qe Calibrate Overridd - i . . . o
- —_— {op ¢ Positinn} cr.07qd -1.074 -1.074 -1.0¢q ~1.079 -1.07d -1.074 -1.074 -1.07}f -1.0ER ~1.07¢Q ~-1.078] -1.074
2 Space Calibrate § -2.243 -2.25q -2.25q -2.239 -2.254 -2.244 -2.253 -2.25) -2.254 -2.2+4 -2.247] -2.25¢ -2.25]]
! Calibrate Overridd _, .. T o . _ A .
i b € Positiond 1,004 -1.074 -1.07d -1.c5d -1.08d -1.07 -1.07d -1.07d -1 074 < o7 -1.erd 1.0 -1.074
o Source Calibrate | «5.€87 ~5.658 =5.77q -5.7€q -5.734 -5.753 -5.7¢] -5.724 -5.764 -5.75% -5.754 =5.75¢ -5.7=4
i Calibrate Overr{d ) - -
: - - -1. -1. -1. -1.074 -1.074 -1. -1. -1. -i Y -1.025f -0
; (0MP § Position) 1.06% -1.073 -1 074 1.0 -1.079 -1.07 4 -1.074 ~1.074 -1.064 -i 7y -1.073) -1.074
= Space Calibrate 22.268 -2,25¢ -2.25Q -2.234 -2.258 -2.248 -2.254 -2.253 -2.25% *2.2-4 -2.2%4 -2.25% -2.2%7
. ’: Source Calibrate | -5.659 -5.699 =5.774 =5.77Q -5.734 -5.753 -5.76} =5.769 -5.7€] -5.7€9 -5.7:4 -3.75) -35.7~4
3
3 Space Calibrate -2.269 -2.25Y ~2.250 -2.239 -2.254 -2.264 -2.2%3 -2.254 -2.258 -2.22] -2.2-4 -2.254 -2.2
13 §0°K ’ €5°K
‘i; Detectors Detectors and Emcoder Fix
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5.1.5 Post Environmental Performance Tests

The following tests were conducted to verify the performance of
the LRIR system after being subjected to induced environments,
Housekeeping Functions Performance Test ETP-F-020, Rev. G
Scan Mode Response ETP-F-040, Rev. D
MIF - ETP-P-022, Rev, D
Reproducibility and IFC Calibration ETP-P-030, Rev, C
An engineering evaluation of these tests verify the LRIR system did

not deviate from the LRIR pre-environment performance tests after
being subjected to Vibration, EMI and Thermal-Vacuum testing.

Summarized data of the Post Environmental Qualification performance
verification tests compared to the pre~-qualification test data are

given in Tables 5-26 through 5-30.
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: Table 5-27
MODULATION TRANSFER FUNCTION

- . DATA SUMMARY-"
'SQUARE WAVE RESPONSE.

" Pre Qual Test per ETP-P-022, Rev. C March i, 1974

Post Qua}l Test pey FTP-P-022, Rey., D Augnst 9, 1974
' N _CHANNEL -
JR SOUUE S IS YOk R S S |
FREQUENCY | PRE-| POST| PRE | POST| PRE | POST| PRE | POST
1 1ouat] quat] ouaL]ouaL] quaLfousL ouaL] Qual,
113 | -.9sf1.02| 96| .97|1.04{1.02] .90] .92
.226  [1.02|1.00{1:00}1.001.05|1.01| .91] .97]:
.283  |1.02| .98} 98| .97[1.00} .98| .92| .92
378 | .o1] .89| .s9| .88 .98| .93| .71| .78
565 g5l .eaf .67l el 771 .72{ 38| .42
1.130 | .as) o.a] .11f .os] .12] .12] .oo .01

 COMMENTS AND CONCLUSIONS

A comparison of the post qual test data to the-

pre qual test data indicates that the qualificstion -
test environments imposed on the LRIR- had no ‘adverse
effect on the performance of the LRIR system. :
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Table 5-28 _
: SCAN MODE RESPONSE DATA SUMMARIES .
e .
- ’ PRE QUAL TEST 3/1/74 BOST QUAL TEST 8/6/74
’ TEST PARAMETER ETP-F~040 Rev. C ETP-¥-040 Rev. D
E¥)
Limb Track Centering Track Point 36.3% . L0.467%
: oMP € . RVDT Voltage -1.068 -1.066
~v
Space RVDT Voltage ~2.238 . ’ -2.239
BN Calibrate [Coarse Angle Pulse 30 3
1 to Space Cal Counts
. -Soutce . RVDT Voltage «5.649 «5.73
-- Calibrate Coarse Angle Pulse 2 32%
. . to Source Cal Count§
i #After the start of thermal-vacuum testing, the encoder was modified and a new
i baseline value of source cal, counts was established. Pre qual baseline was
o 5 and the post qual baseline is 29.
,,':_ ) COMMENTS AND CONCLUSIONS
5 " REQUIREMENTS:
. ’ o 1. The LRIR system acquisition and track of a radiance signal which
. is 35-45% of the radiance contrast observed on channel 1 during
: the normal scan cycle of a simulated earth limb target.
) 2. Verify scan mirror positioning for the following line-of-sight
S angles, on command:
i ’ . a. OMP € - within 0.5° of initial setting; i.e. RVDT voltage
within +.075V of baseline value of -1.0€9V.
Lo " b. SPACE CAL - within #0.5° of initial setting; f.e. RVDT
’ 2. voltage within +.075V of baseline value of -2.238 and
coarse angle pulse to space cal counts within 23 counts .
. of baseline value of 32.
oy f
1t .
i : ¢. SOURCE CAL - Source cal counts within 16 counts of

baseline value. (See Notex)

The results of the Scan Mode Response Test Summarized above verify that
. .the LRIR meets the desian specification requirements before and after
;. being subjected to induced environments.
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‘Table 5-30

'REPRODUCIBILITY AND IFC CALIBRATION

DATA SUMMARY

| Source fos.
! Qitage

TEST - PRE QUAL TEST 3-1-74 ] POST QUAL TEST 8-9-74]

PARAMETER ETP-P-031 .Rev. B ETP-P-031 Rev. C |

Source Temp. o , L ‘ L

Variation 0_v01ts - ~ - Ovolts
S<5.60 0 - -5.74

- COMMENTS AND CONCLUSIDNS

A comparison of the post qual test data and the pre qual
_test data indicates that the qualification test environ-. .
ments imposed on the LRIR had no adverse effect on the
performance of the LRIR system. o '
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SECTION 6
CALIBRATION

6.0 INTRODUCTION

LRIR calibration is defined to be those processes and measurements
culminating in a determination of the end~to-end radiometric trans-
fer function of the instrument. Two separate types of measurements
are required to obtain the necessary data. One measurement
utilizes a blackbody target with accurately known emissivity and
temperature distribution. This target provides a high accuracy
source of diffuse blackbody radiation. The radiometric parameter
of interest is not total blackoody radiation, however. It is,
rather, the blackbody radiation seen by the instrument through

the instrument spectral response. Thus the combination of measured

_instrument spectral response and measured blackbody radiation response

provides the required data for determining instrument radiometric
transfer function.

Analysis of the spectral response measurement with the LRIR proto-
flight model showed the presence of unexpected out-of-band spectral
leaks. These leaks existed in spectral regions that do not com-
promise the scientific data provided that adequate compensations
are incorporated in the data reduction. The presence of the leaks
required that additional measurement be performed on the monochromator
equipment to extend the region of high spectral accuracy through
the spectral region of the out-of-band leaks. These measurements
were being completed and final data reduction was being initiated
to obtain final spectral response curves as this final engineering
report was being generated. The final reduced data was not avail-
able for inclusion in this report and will be included in a final
report to be published at the completion of the orbital data
reduction and analysis phase.

The balance of this section contains a description of the spectral

and radiometric response measurements and radiometric transfer
function data based on estimated instrument spectral response.
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b.l SPECTRAL CALIBRATION

Spectral calibration was performed using the following spectral
measurement equipment.

1. Spectral Source Assembly (source unit and monochrometer )
2. Collimating Spherical Mirror

3. Reference Assembly

4. Electronic and Display Equipment

The Spectral Source Assembly provides a modulated narrow spectral
source of radiation. Included in the source is an image rotating
mirror assembly which rotates the image of the vertical exit slit
of the monochrometer to a horizontal orientation. A flat folding
mirror and a spherical collimating mirror are used to direct and
collimate the spectral radiation. The electronic equipment used
to amplify, demodulate, and display the measured response were

a lock-in amplifier (Princeton Applied Research - PAR-HR8) and

a strip chart recorder (Hewlett Packard HP-7100B). - The entire
optical path was enclosed and purged with dry nitrogen synthetic
air. Each channel was optically aligned and spectral response
measurements made by scanning the monochrometer over the appropri-
ate spectral range. Runs for channels 1, 2.and 3 were repeated
three times. Two runs were made for channels 4b. Multiple runs
are arithmetically averaged at each 5 cm~! point.

The Reference Assembly contains a focussing mirror and a reference
pyroelectric detector. Ttis reference was calibrated at NELC

in San Diego, California for transferral of the NELC spectral data
obtained using the Reference Assembly in a manner similar to the
LRIR spectral measurements.

The final relative spectral calibration data is obtained by
dividing the averaged LRIR output by the relative spectral response
correction factor derived from the Reference Assembly. Corrections
are made at 5 cm~! intervals for all channels.

6.2 RADIOMETRIC CALIBRATION
The LRIR was calibrated using a controllable blackbody radiation
source in vacuum. The blackbody was the Nimbus £ SCMR Earth

Target modified for use with the LRIR. Modifications of the
Nimbus E SCMR Earth Target include replacing the existing honey-

6-2
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cemb cells and coating with 3M Black Velvet peint , typé 401;C10,

The Blackbody Target was positloned in the HRC vacuum chamber in
front of the LRIR completely filling its aperture.. The LRIR.
target configuration is shown in Figure 6-1. Temperature of the
LRIR mounting plate on the optical bench was controlled to Zg€8°K
‘and the LRIR permitted to soak for a period of four. hours to.-
stabilize. The LRIR was turned on-and the scan mirror commanded.
to the SOURCE CALIBRATE position. During the LRIR warm up period,

"IFC temperature readings and LRIR output voltages were recorded

continuously. An IFC calibration check p01nt will thus be avail-

. able over a large range of IFC temperatures in the event of an
" IFC heater fallure. : :

The scan mirror was then commanded to the hominal scan center to
‘'view the external blackbody target. This target was operated at

©. 10 temperature settings. All blackbody target temperatures (PRT
-and thermocouple) were read and recorded on a data sheét for

each blackbody temperature setting. LRIR output voltage for each

_channel was also recorded at each blackbody. temperature setting.

Time code generator. output was used to correlate blackbody tenp-'
erature readlngs w1th LRIR output voltage readlngs.

The mounting plate ‘on the- optlcal bench was then taken up to a -
temperature of 298°K over a two hour period and the LRIR permitted
to soak for an additional four hours. As the LRIR temperature was
raised, the LRIR remained on. Cold externsl target and IFC
target readings were made as the LRIR changed temperature. The
LRIR was then shut off. for the four hour period. - After power was -
turned on, the IFC and external blackbody target - temperatures and
LRIR output voltages were measured as descrlbed above.4 .

The mounting plate on the optical bench was: then taken up to a
temperature of 208°K over a two hour perlod and the LRIR permitted
to soak for an additonal four hours. As the LRIR temperature was
raised, the LRIR remained on. . Cold external target and IFC
target readings were made as the LRIR changed temperature. The
LRIR was then shut off for the four hour soak period. -After power
"was turned on, the IFC and external blackbody target temperatures
and LRIR output voltages were again measured as described above.
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Temperature measurements were reduced to obtain in-band radiance
for the estimated spectral response. Instrument output voltages
were averaged over a 1 second time period to eliminate rms noise
voltage effects. Results are shown in Figures 6-2 through 6-3,
instrument output voltage vs in-band target radiance.

These results are based on preliminary values of in-band target
radiance. Final results will not be available until final reduction
of spectral calibration data, not scheduled for completion until
after publication of this report. These preliminary results
contained non linearities of the order of 2.5% over the radiometric
dynamic range. In Figures 6.2 through 6.5, only the linear
component of the recuced data has been shown. Final results will
contain correct values of slope, offset, and magnitude of higher
order terms. :

The non-linearities have been traced to the IEU electronics and

in particular due to the phase-difference between the detected
radiance signal and the video processor demodulator drive voltage.
Measurements on the electronics taken following calibration

testing are being analyzed at this writing to determine the
necessary parameters to allow a non-linear data reduction. This

is necessary to avoid comprom151ng the data above 50 km, especially
in Channel 3.

6-5
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7.0

SECTION 7

SYSTEM DEVIATION FROM REQUIREMENTS

INTRODUCTION

The following summary lists system deviations against "LRIR
SPECIFICATION FOR NIMBUS F" (S-450-P-11) and "Experiment
Interface Requirements" (X-450-68-415).

REFERENCE

CEL-095

CEL-159

CEL-219

CEL-250

SUBJECT

Waiver request on module dimen-
sions to accommodate RFI gaskets.
Z axis dimensions for both IEU &
FEU increase from 6.505 inches
maximum to 6.535 inches maximum.

Deviation request for wiring sig-
nal ground to chassis ground in
preamplifier.

Performance parameters of noise-
equivalent radiance (NEN) and
modulation transfer function (MTF)
exceed specified limits, refer to
malfunction reports E00109 and
E00110.

Noisy Channel #4 Radiance output.
Channel #4, the water vapor chan-
nel consists of dual detector/pre-
amp channels, 4A and 4B. The noise
problem was associated unly with
channel 4B. Channel 4B was disabled
in lieu of a destructive teardown

of the L.C.A. Refer to malfunction
report EQO0141.

7-1

AFFECT ON SYS-
TEM PERFORMANCE

NONE

NONE

NONE-Dr. Gille
has reviewed NEN
& MTF values and
has indicated
that these values
will allow useful
scientific data
to be obtained
with LRIR.

NONE-Measurements
made on channel 4A
alone revealed that
its radiometric per-
formance was accept-
able to the science
team.



"~ SECTION 8
BENCH CHECKOUT UNIT (BCU)

8.0 INTRODUCTION

The NIMBUS F LRIR Bench Check Unit (BCU) is designed to check
out the LRIR system, or subsystem, and-to provide a means for
~ operating the LRIR system on the bench. The BCU is shown in
~Figure 8-1. .The BCU consists of power supplies and specialized
- electronic circuitry in one enclosure and an Anadex Model DP60O -

- Line Printer as a separate piece of bench-top equipment. - Provision
is nade for interfacing with a tape recorder and a Data General
‘Nova 800 computer, aithough neither of these items are included’
as part of the. system. Test points are provided on the BCU front
.panel for signal monitoring and troubleshooting. Voltmeters,
oscilloscopes and strip chart recorders may be used as additional
test. instruments for these functions. Special test equipment -
required for test inputs. to the BCU are a Time Code Generator with
36-bit NASA mini-track time format and a standard- laboratory pulse
generator both with- TT‘-compatlble output c1rcu1ts.p .

The BCU is powered by 115V AC 60 Hz commercial power.
8.1 . GENERAL DESCRIPTION -
8.1.1 ~ 1RIR Power-

The BCU. prov1des -24 sV power for the LRIR experlment prlmary
. power. requlrements. .

"The BCU controls and meters the -24 5V power to the LRIR experiment.

. The BCU prov1des the means for monitoring ‘and meterlng some of
' the voltages generated by the intermal LRIR power supply..

_3 1,2 Experlment Control

The BCU prov1des the means for selectlng and controlling operatlonal
'.commands to the:LRIR experlment. .
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8.1.3

Data Readout

A digital readout capability is provided by the BCU for the
examinatior and analysis of digital HDRSS data. The data may be
observed or collected in the following fashion:

ae.

8-1-4

Optical display of sampled data

1. Data word display in octal format
2. Selected byte display - octal format
3. Selected byte {isplay - decimal format

Printout of sampled data - same formats as optical
display,

High-speed data interface, including decommutation
capability for on-line computer or tape recorder.

"Filler-bit count determination and display.

Analog conversion of radiance channel digital data to
be displayed on either strip chart recorder or voltmeter.

Performance Monitoring

In addition to digital data readout capabilities, the BCU provides
the means for monitoring the following classes of signals from
the “RIR experiment:

a.
b.

C.

8.1.5

VIP analcg signals
VIP digital B signals

felected analog functions provided through the test
cables to the BCU.

Selected digital signals provided through the test
cables to the BCU.

Selected internal BCU functions and signals.

Input Signal Simulation

Two classes of input signals are provided by the BCU for simulation
of inputs during various levels of system testing.

8-3
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a. Anralog 1nputs

1. Radiance input voltages - 51mulates radlometer
.preamp outputs. :
~ 2., Modulator :reference
4 3. Limb track input
- b. Digital inputs o
‘1. 200 kHz spacecraft frequency standard
.2, Time code and strobe for. spacecraft time.

: 3. Angle encoder outputs
" " 4. 'Preamp galn control (level swltchlng)

'8'1 6 e Detailed Descrlptlon.

The follow1ﬂg detailed descrlptlon of the BCU is based on the
front countrol panel as shown in F1gure 8-2.

8. 1.6.1 LRIR BCU Power’ Control Panel - The power control. pane!
consist of five ON/CFF switches, an AC pllot light and an AC -
main power breaker. .Each of the ON/OFF switches control the dc
output of the separate power modules. The separate power nodules
are:;: . .. : . - f . .

a. <-24.5vVDC .
b. +5 VDC Lamp Dlsplay
c. +5 VDC Logic
- d. =25 VDC
e.. *15 VDC

In addition banana'jacks for each qupplybare_dvailabie for mon-

.itoring.the output voltages. All AC power to the separate supplles
‘are controlied by the AC breaker.

Normaliy, the ON/OFF SWltChes «111 be 1eft in the ON p051t10n and
only the primary power controlled, unless isolation is required for

troubleshooting, étc. ' The supplies all have short circuit and

overvoltage protection. The overvoltage controls on-the ‘two
+5V supplies have been set .relatively low in order to protect the
logic circuits from possiblé harm.  If one o* ‘these .supplies
should inadvertently cut out because of a ransiert or other

'unllkely disturbance, the AC breaker may be turned off, then turned

back on w1th full restorat1on of - power.

-



N8
T m -

bal

TEST

ILRIR BCUYU

PERSTSR Y

LRIR BCU POWER CONTROL PANEL

-

-
T YT

2.

£

2 LRIR BCU TEST PANEL

igure 8-

F

3=-5

L X



8.1.6.2 Power Monitoring - The power monitoring functions are
provided by a panel meter an AMPS/VOLTS switch, a METER SWITCH
and a -24.5V CURRENT sampling resistor. Also located in this
area is the LRIR POWER ON/OFF switch.

All of the voltages generated within the BCU and some of the
voltages generated within the LRIR power supply can be metered
on the BCU panel meter. The voltage to be monitored is selected
by the METER SWITCH. The meter scale factors are set such that
the nominal voltages will register 0.8 of full scale. The LRIR
voltages that can be metered are:

a. +5 VvDC 1%
b. =7.5 VDC
c. #15VDC
d. 20 vDC

These voltages are not accessible wher. the 2/0 module is being
tested with the system. The only power supply monitor (other
than input power) available is the VIP Analog voltage (derlved
from the -15 VDC supply) on test point (TP) GlO.

The LRIR current can be measured by switching the meter to AMPS
(only the -24.5V current is measurable in this fashion). 0.4 of
full scale represents 1 amp of current. A more precise current
measurement can be made by measuring the voltage drop across the
0.1 ohm resistor connected to the banana plug terminals on the
front panel labeled -24.5V CURRENT. This resistor can be shorted
out, if desired, by jumpering these two terminals.

The LRIR POWER circuit breaker controls the application of =~24.5V
power to the IEU. It does not control power to the command relays.
The command relays operate off of the -25V supply and can be
commanded independently of the application of -24.5V power.

8.1.6.3 Operational Commands - During system tests, any and
all commands can be activated - one at a time - by setting
the OPERATIONAL COMMANDS selector switch and operating the ON
push button. These zoxmands are as follows:

§-6
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. POWER OFF

A
""B.. HEATER OFF
~.C. . CAGE

D. UNCAGE

E. "POWER ON

F. HEATER ON .
G.- SCAN ON (Adaptive Scan)
- H. SCAN OVERRIDE (Acqu131tion Scan)
"I. .CALIBRATION OVERRIDE
" J.. SPACE CALIBRATE
- K. SOURCE CALIBRATE'

_The command 11nes are normally reversed biased as. they would be

on the spacccraft. Activation of the push button reverses the

_polarity on the selected pair of MA and MB lines for a period -

of 40 %5 msec. to momentarily operate the command relay. During
subsystem tests when only-the IEU (3/0 module) is connected to

"the BCU, the Power OV/OFF c0ﬂmands are the. only ones which may
be ~ct1vated. o

8. 1 6. 4 Data- WOrd - The. DATA WORD functlon consists of a 1AMP
TEST pushbutton, a DISPLAY ON/OFF switch, 21 pinlight numerical.
displays, and two Jndlcator lights SYNC LOCK, LOST SYNC.

Numerical dlsplays are prov1ded for most of the data readout
functions. These display lights may be turned on or off by means
of the DISPLAY switch in the upper left corner of the Test Panel.
This switch controls a logic function for blanking all of-the
Pinlite displays, except the sign light for the ANGLE COUNT, -It
may be desirable to turn off these lamps, if for some reason or-
other, the displays are not being utilized. Lamp nower can be -
controlled from the LAMP +5 VDC ON/OFF switch on the POWER CONTROL -
PANEL, but since all other indicater lights. (except AC power) -

 are also contro’led ,1t is recomnended that this’ swltch be left

on.

Lap TEST, above the DISPLAY switch, will cause all of the
Pinlites to display the: flguee € when depresced provided, p’

.course, the dlsplays are on- (agaln “the 51hn ‘function 1<‘noc

affected)

The DATA 'WORD dlsplay shows 3 bvtes + parlty :The display is in

g-7
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-octal format and represents 61 bits of the 72 bit data word.

The mode is displayed in the least significant character position
of byte 1, flag information in the next two and 0 in the most
significant character position - for all modes except Time Readout
and Source Calibrate.

" Bytes 2, 3, 4 and 5 display the radiance channels outputs in octal

form for all modes except Time Readoic. Byte 2 for Time Readout
displaysunits hours, tens and units minutes. Byte 3 displays tens
and units days, and tens hours. Byte 4 provides a calibration
reading for the A/D converter and should read between 4356 and 5352
octal. "Byte 5 in the Time Readout mode is all zeros.

Byte 6 for all modes contains che sync word and parity bit but the
DATA WORD display presents only the parity bit - either a 1 or a
0. : 4

The presence of HDRSS data im the BCU is evidencad by the green
SYNC LOCK light being on. The red LOST SYNC light may occasionally
flash, but this is not necessarily cause for alarm, unless the

. green light flickers noticeably or stays out altogether. The

red light will come on if there are transients in the data (but
not necessarily loss of sync), usually occurring at scan turnaround,
transitions from encodecr-controlled readout to time-base readout,

" or vice versa. The red light will stay on and the green light will
- go off for a true loss of sync. If no data train is present,

neither light will be on (the red light may flash momentarily when -
BCU power is first applied). . -

. If a 10ST SYNC should occur such that the red light goes on while

printing, the data at thst time will be printed in red. This does

not mean that the dula js~ necessarily bad, but it may be questionable.

The display will 1ok jrerwit o dats word that does not carry the

proper sync codle el do e Afsgisyed, 3% will hold onto the last

good data unti| H p-ruef spr L7 égcs azpin show up. This means

the printed daln ity vt be up v 4nté, “nre likely, an occasional N
transient has wttyrred, such me L ssrf/a/ oY sn abrupt change .in )
scan speed, '

§.1.6.5 Byte Contro!l - The #/7iF (SOl function consists of a

BYTE SELECT votary switch, a BY.7 FOURX \I selectro switch and a
4 Pinlight numerical BYTE DISPIAY.



.- -

Any byte of the data word can be selected by the BYTE SELECT
switch., The byte selected will be displayed spearately on the
BYTE DISPLAY. The BYTE FORMAT switch determines the base of
display.

Either OCTAL or DECIMAL may be selected., Decimal display is

only meaningful for radiance data or other data processed through
the LRIR A/D converter. Octal display should be used for all
mode, flag, time and sync word data. Byte 6, which is not on the
DATA WORD display, can be observed on the BYTE DISPLAY. 1t should
read 2216 or 2217, depending on state of parity bit.

The BYTE DISPLAY is updated at the same rate as the DATA WORD
display.

8.1.6.6 Data Display Control - The data display control
function consists of the DATA WORD COUNTER, MODE SELECT rotary
switch, FLAG SELECT rotary switch and a DATA FLOW switch. Each
of these functions are discussed below,

8.1.6.6.1 Data Word Counter - The DATA WORD COUNTER determines the
rate at which the data is updated on the DATA WORD display and
BYTE DISPLAY. 1If there are no other conditions or constraints
imposed by the MONE SELECT and FLAG SELECT switches (paragraphs
¢£.1.6.6.2 and 8.1.6.6€.3, respectively) the DATA WORD COUNTER
setting specified the number of data words to be counted before
the display is again updated. A setting of at least OOl is
required in orcder to affect this function. 000 will result in

no updates.

An initial condition occurs when the BCU is turned on which
results in a larze count being set into the DATA WORD COUNTER.
This count will normally time out in about 15 to 20 seconds,
possibly more. It can also be reset by the ANGLE CONTROL RESET
pushbutton, then no waiting will be required.

8.1.6.6.2 Mode Select - Operation of the MODE SELECT switch
determines which data modes shall be displaved. With the switch
on ALL, no constraints are placed on mode display. Any other
setting of the switch will cause only data of that particular
mode to be displayed.*

*An exception occurs when no data of the selected mode is being
generated. In this case, the display is frozen at the last valid
update prior to the cperaticn of the MODE SELECT switch.

- ]-9 ’



. The modes displayed aré.as follows:

'MODE ; " BYTE 1

-Space Cal. ' o XK1

Acq. Scan . . . L XX2 : :
Source Cal. o . XXX3 or.7
Adap. Scan _ ' OXX4 o
Slew - = o T XS

Time Readout‘ - - XXX6

A-'The .displays updating is also SUbJGCt to any constra1nts olaced

on it by the DATA WORD COUNTER (paragraph 8.1.6.6. 1) and the

:AFLAG SELECT switch (paragraph 8.1.6.6.3).

8.1.6.6. 3 Flag Select - Data d1splay ‘control based on the FLAG
SELECT switch conditions is similar to MODE- SELECT switch in that
the ALL position removes any flag constraints. Otherwise only

a data word- including the particular flag desired will be dlsplayed

: It should be noted that neither the Source Calibrate nor Time

Readout modes include any flags. Therefore the FLAG SELECT
conditions are ighored for these modes. Flags are not mutually

. exclusive, so selection of a partlcular flag does not rule out
. the presence of any others. The. flags displayed are as follows:

CFIAG. - BYTE ]

Time Event Lo OXIX -
' S OX3X
- OXSX
L ST XX
Scan Stopped o S X2X
- o - OX3X
oxXex
S .. OX7X
"Missed Data A OX4X
' B ' OX5X
XX
o SR S OX7X
‘Coarse Angle. - : - 0IXX
o S 03XX
Scan Down . - . - 02XX
S o - 03%XX ..
Scan Up .~ 4 . 00XX
’ : B L 0IXX
8-10 ‘



‘8.,1.6.6.4 Data Flow Switch - The DATA ¥low switch controls the
flow of HDRSS data to the BCU. When tnis switch is in the HDRSS
TEST position and the IEU test cable connected (IEU/P9), HDRSS
data from the test cable is intrcduced to the BCU. If the switch
is on EXT and the HDRSS outnut cable is connected to the BCU
(1IEU/P8), the HDRSS outputs can be jumpered from the test point
panel to the BCU. This is effected by jumpering the HDRSS TPs,
Al3, Al4, or Al5 to the HDATA input at Al2 (only 1 output should
be connected at a time).

8.1.6.7 Filler Bit Counter Control - The FILLER BIT COUNTER
CONTROL function consists of a 3 unit thumb switch labeled MaX
COUNT, a RESET pushbutton, and a 2 pinlight numerical OVERFLOW
display. The MAX COUNT tbhumb switches control a preset counter
.that may be set to any arbitrary number. Each time the number of
fillér bits between data words exceeds the present count an over-
flow is tallied in the overflow counter and displayed as OVERFIOW.
Only 1 overflow is tallied per set of filler bits, whether the
“actual count of filler bits exceeds the present count by 1 or by
199, or by some other number. The counter may be reset to zero
_ by the RESET pushbu:ton. ‘ ‘

8.1.6.8 .Readout Control - The READOUT.CONTROL functions coordin-
ate the dicsplay update process with the printer controls. If the
Anadex printer is nct being used the INTERNAL/PRINTER switch must
be in INTERNAL, or the displays will not update. If the Anadex
printer is on 11r~p the switch may be in either position, however,
it is recommended that it be placed in the PRINTER position.

The PRINT SELECT switch a.lows the printer to print either the Z.
character DATA WORD as displayed, or the &4 character BYTE DISPLAY.
The byte data will be either OCTAL or DECIMAL as selected by the
BYTE FORMAT switch.

After the printer has been turned on, the printing operation can
be partially controlled from the BCU control panel. If it is
desired to selectively print data, a single line can pe printed
by pressing the START button once. To cause the printer to print
continuously at its fastest rate, the EXTERNAL push button on the
Anadex printer front panel must first be depressed. Then when the
START button on the BCU is momentarily activated the printer will

8-11
\ '-. \' - " ..
-~“’( . ,‘o - ‘. 1}. A P
2 S P NSV N YA Y T St " - Foge
4 S . Dglrd [} ~ .- = Nyt € - « LIRS P
- * Y - 3 3 ’ d . ._i.'.

e

|



e
.. N

Cue e e sty

-
¥

N TN ]
IR e XN 2N

ey

commence printing. To stop it requires a second activation of
the EXTERNAL pushbutton to release it.

It should be noted that the printer will print data regardless of

‘whether the data is being updated or not. If the display is not

changing, the printer will continue to print the same thing.
8.1.6.9 External Timing Interfaces

8.1.6.9.1 Clock Source - There is an internal 1.000 MHz crystal
frequency source for the BCU. This not only generates all of the
frequencies used in the logic circuits of the BCU but also is
used to generate the 200 KHz simulated spacecraft clock for the
IEU when the cable from IEU/J7 is connected to the BCU. If the
CLOCK SOURCE switch is in EXT, an external 1 MHz clock must be
connected to the BCU in order for it to operate. There is no
requirement that the BCU and IEU work from the same clock source.
IEU/J7 can be connected to the S/C clock and time code source
just as well, while the BCU operates off of its internal clock.
The external elock source must be used, however, if the BCU is
providing time and frequency inputs to the IEU.

8.1.6.9.2 Time Code Inputs - The BCU simulates the spacecraft
TIME STROBE interfaces to the IEU. Only level conditioning of

.-the signals is provided by the BCU. Whenever the time inputs are

being utilized a coherent 1 MHz clock source must also be used,
otherwise the time data may occasionally appear garbled. Both
time information and the 1 MHz clock must be TTL compatible
signals, that it, from about +3V to not more than +5V for a logic
1 and 0 +8-5v for a logic O.

As for the clock source, the time code interface from the BCU may
be omitted if IEU/J7 cable is conrected to the $/C frequency and
time code source. If the BCU is being used for a frequency source,
but no time information is being provided, the Time Code and Time
Strobe inputs must be shorted to keep noise from triggering the
time input circuits of the IEU and thus causing a possible hangup
in thc Time Readout mode of data taking.

8.1.6.10 Angle Control - The ANGLE CONTROL function consists of
a 4 Pinlight ANGLE COUNT display, a RESET pushbutton, and an

8-12




ANGLE COUNT DISPLAY switch.

A 3-decimal counter plus sign is used to record scan-angle

encoder increments if the test cable from the IEU (IEU/JY)

is connected to the BCU. If the scan direction is up, the counter
will count up and will register + (or will change to + upon going
through 0 if it has previously been counting down and is negative).
For a scan direction of down, the counter will count down and

will register -. When going through O in the down direction the
counter will change to -999 and continue to count down. When
counting up, after reaching 999 it will overflow to +000 and con-
tinue counting.

A RESET is provided for arbitrarily setting in zero at any desired
portion of the scan cycle. ‘

If the counter is reset at scan turnaround it should hit a max
count (+ or -) at the next turnaround and read 0 at the third
turnaround.

The ANGLE COUNT DISPLAY switch controls the display of the count
angle. In CONTINUOUS, the counter contents are always displayed. -
In CONTROLLED, the display is updated only when the other displays
are updated. The counter continue: to count independently of the
display function.

Test points B9 and Bl10 provide the encoder pulses and count
direction signal for scope monitoring purposes. Test points B6
and B7 are the encoder square wave outputs to the IEU. Test point
B8 is the coarse angle output from the angle encoder. These
signals are only present when the test cable is connected.

8.1.6.11 Encoder Pulse Simulator - If the scan angle encoder

is not connected to the IEU and it is desirable to simulate angle
encoder pulses, the cable to the angle encoder from IEU/J6 may be
connected to the BCU instead. A TTL-compatible pulse gencrator
must be connected to the PULSE GEN INPUT. The waveform may be
either a symmetrical square wave or a positive going pulse of
about 100p seconds in width. The frequency shall be the same

as the encoder pulse frequency required (i.e., 45 Hz for normal
scan;. The three position switch controls the application of

8-13
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‘signals or the direction desired. If it is desired to simulate
"Slew mode, a frequency in excess of 100 Hz should be used, while

for Scan Stopped, a frequeHCy of less than 40 Hz is requ1red
(or switch to OFF). . ) )

.. 8.1.6.12 Radlance Slmulate - The RADIANCE SIMULATE function
-, consists of a RADIANCE CHAN SEL rotary switch, a GAIN SELECT

switch, a GAIN ADJUST potentiome*er, .and a MOD REF sw1tch.

If. preamp outputs from the OMP are not available, but it is desired

to.test the video processor, multiplexer, and A/D converter. circuits
in the IEU, IEU/J4 can be connected to the BCU and test signals can

be lnserted._ Channels 1 through 4 can be selected one at a time .by

"the RADIANCE CHAN SEL switch. The GAIN SELECT switch will set the
. coarse gain desired. Fine gain can be trimmed using the GAIN '

ADJUST pot. The signal generated can be monitored at TP's B13.

" (HI) and C13 (LO). The MOD REF ‘switch changes the pha31ng_from
0c to 180°. S SR

THe RADIANCE CHAN SEL SW1tch also selects the IFC (Internal
Flight Calibrator) input to the A/D converter circuit in the IEU
and the LIMB TRACK input simulated 51gnals to ‘the video prccessor

" in the IEU.

. With IEU/J4 connected and the RADIANCE CHAN SEL sw1tc.h set to IFC

an approximately 4V signal is applied to the IEU analog multiplexer.
This voltage can be monltored between TP s B15 (HI) and C15 (Lo).

8.1.6.13 Limb Track - ‘The LIMB TRACK 51mulatlon is also performed
without true radiance inputs. The LIMB TRACK IN/OUT switch allows
a d-c bias or offset to be added to the 51gnal in the IN p051t10n,

‘or to hold it symmetrical about scan null in the CF¥F pos1t10n. ‘With

LIMB° TRACK in. the amount of bias, hence llmb track offset.is
controlled by the LIMB TRACK OFFSET pot. . . .

8.d. 6. 14 Preamp Galn Coutrol ~ The coax connector breakout from
the cable connecting FEU/JS to IEU/JS should be disconnected and
reconnected tc the BCU at J10. With all other system cable con-

- nections intact (1nc1ud1ng radiometer inputs), it is riow possible
' to control the preamp gain setting from the RADIOMETER PREAMP GAIN
. switch on the BCU front panel. The switch will normally be placed

- 8-14
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in the LO position when the radiometers are looking at hot
targets, or targets on the bench and outside the vacuum cold

" chamber.

8.1.6.15 Test Point Panel - A test point panel is provided

for patching signals and monitoring signals with external
equipment. The test points are located by a letter number matrix.
The test point letter designates the row of the panel and the
test point number designates the column of the panel. A complete
description of the test points is shcwn in Figure 8-3, Test

Point Matrix. ’
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SECTION 9
SAFETY

9.0 INTRODUCTION

A detailed safety plan, HRC 223305529 -is lncluded at the end of

this paragraph The plan provides instruction for proper action
both in normal and abnormal operation. The primary goal of

the safety document is to prevent injury to personnel and to
prevent damage to the working enviromment. The approach to

_attaining this goal is to prevent release, under any c1rcumctances

of methane or ammonia gas 1nto the working environment.

" In order that personnel assoc1ated with the LRIR cooler had an

appreciation cf the dangers involved, a description of each of
the materials, its normal condition, and its hazards is included

"in the safety plan. The number of personnel that come in contact

with the LRIR is held to a minlmum

Since in normal operatlon, the cryogens ‘are in a safe cond1t1on,
the mode of operation is to monitor.the cryogen temperatures,

make note of any unusual changes, and take appropriate steps to
return them to normal operating temperature if necessary. Temp-
erature monitoring is done on a continuous basis and recording

of the cryogen temperature is on a periodic basis usually twice a -

-day,. early mornlng and evening.

In the ground storage mode the methane temperature is kept between
78K and 85°K and the ammonia is kept between 80°K and 162°K. The" .
procedure to maintain this is to cool with liguid nitrogen period-
ically to keep the methane temperature in control. Occasional
rehardening of the vacuum space is necessary to keep the time
between liquid nitrogen recoolings to a reasonable time interval.
Daily monitoring and recording of the cryogen temperatures insures-
that the system is functioning properly. :

" Before the system is moved'or an extended test is begun, the

temperatures of bcth cryogens ‘are cooled to their lowest point
using LNz. This insures an 1nterval of time before any problem
will need attention. :

941

< SRR U S SR



H i i

THoneywell S

- RADIATION CENTER
€0OL (DEMT mo. 01208

- : A " ENGINEERING SPECIFICATION XO. 22330ES29

™IS O srsros O otvice O assaoy - O onen
(NGIMEERING SPECIFICATION 15 FOR: SAFETY PLAN FOR LRIR" °~ SOLID CRYOGEN COOLER

S Pty L AL TRTETI R

:: ’ U171 ORVICE AND/CR SUBASSLMELY HRC OPERATIONS
it
-t

FROJ AL IITIIN P W e, 1y,

S 1
FENH SIGATRLS DATC <l
T, PuLPORLD BV
i
! ArPAUYLL (Y
i P80ILET Inii.
For approvals see sheet 2,
. §
ne -ty
. REVISIONS
PN LIR DESCRIPTION - DATE APPRIVAL 118 DESCRIPTION DAYL APPUTT AL
it A ENGINELRING CHMTROLLED RELEfSE|
we 5/4/15 |Re3
: B v AL SuTs. 0sNeVIY "2-0647,
Do C LRev s 3,800 |66 34 [ A< wEo
=N !
s e :
g'.
o
rid
|
:' as
H -
ke i
X
. oy .
1
g .
pace '-HLZAL&"'SI"!’ 8] sholi1]i2l13)14 i
agyisaemy VC VEL, 2 180511 [ Q‘l‘i BRI J)
pak : ne 1 o 14
REVISION . 22330 €529

-

(GINAD PACE B
o

T T gl

(ST — e

e e :

f— - e e — e e ———. G . - com—geP =@ -



- ow

LR TN

oty

g

EY]

PRy

e

[

22330E529
(81395)

AFR 201973

SAFETY PLAN

FOR

*“ LRIR  SOLID CRYOGEN COOLER

HRC OPERATIONS

LRIR Program Mgr.

Prepared By: 5&2}562: Z(/,az:/ Approved: _ ). oomay

/l{-‘/{.; ~/ < S )./' -'

LRIR Project Engr.

/

'ﬁ'.RC Safety Officer

B Lol was LockuEED" 0813 3-L4D

ORIGINAL FAGE I3 9
OF POOR QuaLITY

3 : e



SumhEp

£

-k

-

EY)

e

TR . . .
i
Honeywyel
R " RADIATION ceouTaR. ) -
. Tt T . SoDE 1DENY me, thibs - - -
ENOINEERIND SPECIFICATION KO, - 223302523
1.0 INTRODUCTION ' o ' :
' 1.1 PURPOSE
The purpose of this safety plan is fo set forth the requirémgn’ts and proccdures’
" to-be followed at HRC while the Lockheed Solid Cryogen Cocler (hereafter re .
ferred to as the SCP) is within the Luilding, in order to prevent the release of
“methane or ammonia into the working environment or to control it if release -
. should occur, to ensure the safety of personnel and facilities. .
1.2 ‘SCOPE
This plan defines: }
(1) scp operating procedures in summary form
"(2) baily checks for abnormal conditio.s ‘
(3) Faikire mode procedures in summary form c ’
(4) Equipment to be provided for support of normil operation of the
“SCP and for emergeancies. : L .
1.3 APPLICABLE DOCUM_FJNTS
"The !ol!owihg-liéted documents are considcr,c:} to be a p:zﬂ of this safety ﬁ!nn._
.'They shall be referred to for further detail or specific operating instructions. -
In case of conflict regarding the operation of.the SCP or its ground servicing -
equipment (GSE), the Project Engincer at Honeywell (HRC). shall be . -
contacted. . . : e o N
(1) Systems Safety and Health Plan for the Honeywell Solid Cryogen
Cooler. LMSC-D311805, 15 May 1973 - - ’
- (2) lnstructionMﬁual. Ground Service Equipment (GSE) for Solid
’ Cryogen Cooler for Nimbus F: LMSC-D311402, 5 Movember 1973
(Rev. B) ) o "
3) Honey.well Radiation Center rcguhtiéns, pér Honeywell Safety
Policy Statement IH-SA1 " . - : ’ - .
i AEvitiong
CATE APPBT Ay
TR PLISSIPTIN - PO LS
& |Revd ReTYPED S e “—‘Cio’g% y 6‘;3
Ceey s6€7 i 3 ¢ pAve v sed L3S 4-1e
. . . ) . . u‘“ 3 )
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S 2.0 GENERAL SAFETY CONSIDERATIONS
: '1 2.1 CHARACTERISTICS OF CRYOGENS
v o In addition to the normal hazards of cold-temperature and ras evolution asso-
i EK clated with cryogenic liquids, the SCP has two additional considerations. These
are the flammability and/or toxicity of the gascs contained within as solids.,
N . Although Yiguid nitrogen is utilized in the operation of the GSE, its handling can
e : ) _ be considered as routine when done by competent personnel. On the olher hand, -
., : both methane and ammonia, the worling cryogens of the SCP, have properties
which must be completely understood by all personnel working with the equip-
- ment, :
: -- The most important properties as related to the hazards associated with cach
- ’ .- gas are summarized below., A [ux*thexj, more comprehensive discussion, is
- A . contained in the LMSC Systems Safety and Health Plan.
" _ ' Methane ' .
. R | ’ The primary concern associated with methane ie the fire hazard which
‘ ¢ occurs whenever methare vapors escape 1o the atmosphere. In con-
- - : fined spaces the concentration can rapidly build to the flammable range
oo of 5 to 14% by volume in air. For ihis reason, care must be taken to
— - o : properly vent all spaces which are likely (o contain methane. If a
s ) methane leak is suspected, immediate action must be taken to admit
C e T clean air into the room and to remove any possible sources of ignition
I o o if they should be present. Because methane is lighter than air, it can
: - be expected to concentrate near the. ceiling and this should be taken
A inlo account when checking for possible methane leaks. Methane can
4w . best be detected by suitable gas detectors because it does not have a
2 . 3 strong odor. '
Tt , Ammonia
h L2 ————————
. Like Methane, ammonia is a fire hazard when mixed with air, although
O . o a lesser degree. The primary hazard associated with ammonia is
e TITIY)
3 ) KT LLSCRIPT on ‘:"‘ "”f";‘,
: .i' . & |Revéetvees 0Ber i3] H-D
I~
- . . ‘ B (X1} 4
= . 22330 g329
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its toxicily to personnel. Care must be {aken to prevent a buildup in
the laboratory. Ammnionia does have a strong nungent odor which makes
its identification easy and positive. For this reason, unlike methane,
no additional sensing instrwmentation is required.

2.2 RESTRICTED ACCESS TO LABORATORY

As a means of reducing the hazards to personnel, access to the laboratory
containing the SCP and its GSE will be restricted to those people actively
associated with the program or as designated by the LRIR Program Manager.
A notice to this effect will be posted in a conspicuous place adjacent Lo the
laboratory access.

A no-smoking ban will be rigidly enforced in the l:\bbratory.
2.3 DAILY MONITORING

Continuous monitoring and recording of the primary SCP parameters is the
most important safety consideriation. If this is done, conditions which might
give rise to a potentiiliy dangerous sitvation will be indicated in sufficient
time to allow for the required corrective action to be taken.

As a2 minimum the following data shall be taken and recorded once a day:

(1) Cryogen temperatures )

(2) DCA tempcratures (If LRIR system power is applied)

(3) SCP vacuum level - if connected to the GSE

(4) Wet test mcter readings

{5) Methane monitoring instruments

(6) Verification of proper operation of laboratory venting systems

When the cryogenically loaded SCP is left in the LRIR lab or in the Howard
chamber without a qualified operator, its stalus shall be monitored in one of
the following ways:

LI 233515
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-(1) A guard shall check the eryogen monitor panel once every hour,
Ifandlarm is sounding he thall contact a qualified LRIR handler
immcdnlcly : .

{2) The moih:\'nc and ammonia alarins on the cryogen monitor panel
shall bu connected to the guards® desk. If analarm sounds, the.
guard shall contact a qualiflied LRIR handler immeadiately,

. 3.0 OPERATING PROCEDURES
3.1 INTRODUCTION

" The information contained in this sectlion has been extracted from the pertinént N

" operaling manuals for the cquipment, It is not meant as a-substitute for those
manuals, Lut rather as a summation of the steps to be followed 2nd a listing of
the mdxcahon of both normal and abnormal conditions. Refer to the SCP-GSE
operating instructions (Ref. 2) for the dcla)led s(cp< to be followed to- nnplcmcnl
any of the servxcnn, cyeles referenced, .

' 'I‘he single ‘most 1mport'1nl sal clv consulenhon is the constant (xbser\"lhon of -
the equipment and monitoring of the major SCP pnmmelcrs If this is done,
any potentially scrivus condition will be noticed in sufficient time (o allow for
the appropriate cor rechve action to be laken.

3.2 NORMAL OPERATION
3.2.1 Normal Warmup and Servicing Cycle" .

‘Table I. on the following page lists the ma‘or system parameters upon which the
normal servicing cycle is based. It can be seen that a substantiul period of
time cxists between the alarm initiation and the time of expected venting. This .
was done to compensate for the uncertainty in the actual system pertorm.mce
pendm" the result of t"st data
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TABLE 1
Normal Alarm | Venting Time to | Time to
.Ground Set Initia- Alarm Init.
Temperafurc | Point tion Init. Venting
Methane 79 - gsex | 85 K | 95°K | 10days | 36 cays
Ciy .
Ammonia 81 - 158°k| 168°K | 196°K | 10 days | 49 days
NH : '
3 .

This table is based upon the following assumpfiqns:

(a) Both cryogens are at an initial iempcraturé af “time zero' of approx. 80°%,

This is obtained by LN2 precooling. .
(b) Cooler is filled to 90% capacity.

As an indicatior of normal cooler operation, the daily temperature variation of
both cryogens should be noted. An approximately linear variation with an ex-
trapolated time of 10 days to the alarm set point should be indicated. If this is
not the case, a new time must be computed and precoaling of the solids com=:
menced before the alarm set point is reached.

The cooler is returned to the initial conditions by flowing liquid nitrogen through
the cooling coil and pumping on the vacuum container with a vacuum pump.
Monitor the cryopen temperatures until both are at ‘approximately. 80°K and
the vacuum is 10-5 torr or less, at which time the normal servic ing
cycle will again commenze. It is anticipated that cooling and
vacuum pumping can be accomplished in a 24 hour period,

h. addition to cryogen servicing, the SCP vacuum space pressure must be
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_continuously moniiered. The warmuli cvcle is very much dependent upon
mamhmm: an acceptable vacrum level. If the vacuum should rise above
10 “torr, repump the vacuur. space using the GSE high vacuum systcm

3.2.2 Alarm Initiation and Servicing Cycle

High tempcramre alarms have been provided for both the methane and the
ammonia tanks, ‘Their set points have heen chosen as shown in Table I to
provide suilic.ent time for the normal LNy cool-down cycle {o be performed.
It- should be cmph'lsx?ed that if precoolirg is begun at any time between ini~
tiation and before the temperature for iritial venting is 1'01ched, no loss of
cryogen from lhe SCP should occur.

Again, as discussed-under Section 3.2.1, during the early stames of experience
wiih the SCP, continuous monitoring of the daily temperature behavior of the = -

crycgens must be ac;.on‘phshed This will mdxcate any dep'\rmrc hom the
-aniicipated 10-day cycle.- .

If the alarm has' gone off, perform the following checks and corrective ac-
tions, as an abnormat condition may have caused a sudden warmup.

¢} Observc'crvowm lemperalux;es
(2) Observe SCP vacuum level
(3) Check laboratory methane monitor

Assuming conditions are normal and that no equipment failures are hidicated,
proczed with the LNy precool cycle; otherwise refer to the equipment operatm"
ma'u.a‘ for tke appropriate correctxve action. )

3.3 ABX\O‘{\'A' CONDth\IS

Complete instructions ‘or ail ‘ailu*c medes are found in the LMSC Safety Plan
(Ref. 1) where hazardous condition counteractions are summarized in Table 11-1
on Page 1!-3 Failure nicce Proccdurcs are summarizad below.
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3.3.1 Loss of Vacuum and Subsequent Servicing

1t is unlikely that 2 major vacuum leak will occur in the SCP, other than per-
haps that due to a structural failure during environmental testing. This condi-
tion would be indicated by a sudden increase in the warmup rate of the
cryogens. '

if a loss of vacaum has occurred, perform the following steps:

(1)U the SCP is being operated remofely from the GSE, return it and
connect the servicing lines,

(2) Actively pump out the vacuum shell.

(3) Observe cryogen temperatures,

" (4) Check for methanc or ammonia leakage.

{5) Flow LNg through the cooling coil to prevent cryogen vapor
venting.

(6) Cicck for the cause of the vacuum failure,

Although the LMSC Safety Plan lists the following times before venting
following a loss of vacuum (in Table 1I}), it must be remembered that they are
based upon an initial temperature of 80°K. If a vacuum failure occurs after

a significant portion of the normal 10-doy cycle hag expired, the hours lisied
will be greatly decreased. This is due to ihe cryogens being warmer than
80°K at the time of vacuum loss. It is expected, however, that at lecast two

to four hours will be available in which o take corrective action as a minimum.
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TABLE II

Hours to Initiation Normal
of Venling Service Cycle
Methane 19 hours 10 days -
Cly
Amnonia . 30 hours 10 days
) Nlig l

Assuming that 2 non-repairable leak is found, the cryogens should be allowed
to boil off the vent outside the building in a controlled manner.

following steps: .-

(1) Shut off LN, flow.
{2) Monitor cryogen temperature.

Perform the

(3) Control venting rate by actively pumping the vacuum space or

backfilling with "exchange gas."
(4) Vent all vapors outside the building.

The following people shall be notified .immediately if a vacuum leak is detected.
A list of names with telephonc numbers will be maintained by the LRIR Mrogram
office and a copy shall be posted in tte LRIR Laboratory:

(1) LRIR project engincer

(2) HRC safety officer

(3) LMSC prcject engineer

(4) Other personnel as required.

3.3.2 Failure of Instrumentation -
Temperatire or Vacuum

REVISITNS
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Temgerature . :

The temperafure of (he eryogens is thn prmnx y mdxcwtor of the sy sle”n condmon
“The servicing frequency and all other saféty and operating procedures are based
on this temperature. Both c¢ryogen tanks have platinum thermometers instailed
to nomitor the cryogen temperatures. In the cvent that one or both of these

should fail a b:lckup indication can be. obtamed from the- lhcrmometers instalied
in the DCA.

The cause of any thermometer f'n'u:--': must be determined to ascerhm whether

-it is a failure of the thermomeéter itself or of its external electronics. If it is

the clectronics, then a fix can be readily accomplished; otlierwise a complete
recyeling and possib]e teardown of the SCP may be required. It should be noted
that the operation of the alarm system depends upon the SCP installed thermometers.

. Vacuumn

A failure of the SCP.vacuum ‘gauge need not be cons)dex ed * major failure. The

- condition of an acceptable vacuum level is directly mmcat?n by the SCP thermo-

meters because an abnormal vacuum will be shown by a higher-than usual rat .
of rise of cryogen temperature. In addition since the gauge is externally rm.mied
within the GSE, it can be replaced at any time. If the vacuum gauge is suspect,
check the tcmpera(ure level of thc cryo"crs and in particular, note t}'clr response
vs time. T .

3.3.3. Rcmoval of Cryogen Lme Blocks

Since the lN lines are at approxxmateL; 80°k they must not be left .
opened exposeéd to atmospheres. Moisture from the air may diffuse
and cayse a water b blockage. Speclal prog*an are to be followed when’
servicing these lin

On the other hand, a blockage of the methane or arrmoma Ime., is a dxstxr.ct

} possibxlxty although also unhkely
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N The major concern in the event of a line blockage is the buildup of a danzerous
Do internal pressure. This can be complelely prevented by continuously flowing
f i ’ LN2 through the cooling coils, thus maintaining the cryogens in a no-loss or
ok nonventing condition. Continue this unlil the cause of the blockage is determined
and the corrective action is undertaken. .

: . 3.3.4 Indication of Escaped Methane or Ammonia
i . If indications of methane or ammonia are found to be present in the laboratory,
Py . Immediate action shall be taken to determine their source and to purge the room.
i 2, Switch the exhaust fan to hizh speed. In additicn, notify all personnel lisied
g on the emergency personnel list posted in the lab area. Refer to the LMSC
. * Systems Safety and Health Plan (Ref. 1) for remedial action.

% |

< 4.0 HRC FACILITIES AND SAFETY EQUIPMENT

‘4.1 LRIR LAB FACILITY

The following equipment and installations shall be px:ovidcd in the LRIR Lab for
operation of the SCP and GSE:

(1) A GSE vent line directly connecting to the outside of the building., It
i shall be of sufficient size (o allow the expeditious removal of methane
.. and ammonia vapors. All discharge connections from the GSE mnust be

L piped into this vent line.
: (2) A high velocity forced draft vent éirectly connecting to the outside of
it the tuilding. The intake shall Lo positioned over the SCP and GSE,
i , . and a switch shall be provided in the l1ab to operate the system if
;o - methane or ammonia is found o be present in the lab. The system
: shall incorporate an explosion-proof fan and shall be capable of
i changing the lab air once every two (2) minutes.
1
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(3) At least two methane monitors must be provided for the SCP and GSE.
Of these, one is to be a permancent installation which continuously
samples the laboratory air. It shall, as a minimum, Le ecquipped
with a visual indicator of methane concentration and an audible alarm,

A portable instrument shall be kept close to the SCP znd accompany it
when it is remole from the GSE.  This monitor can be a visual type
without recording or alarm provisions. .

Instruments to be used for these purposes are:

Continuous Monitoring

MSA series 500 comhustible gas detection system, model 1-501 with
single sensing head,. ) :

Portable Instrument

MSA model 457743 methane spolter

(4) Waterline (1/4"} and drain

(5) Electrica: power (115V, 60 amp)

{6) Compressed air at 80 ps; min,

(7) One standard bottie GNy, Medi-grade (99.997% pure)
(8) One filles LNy container - capacity 160 liters

(9) Lim:ied access to b (sign and/or lock)

4.2 ENVIRONMENTAL LAB FACILITY

The following equipment and installations shall be provided in the eavironmentzl
lab for operation of the GSE adjacent to the Howard Chamber and for operation
of the SCP inside the chamber:

(1) A GSE ven! line direct] connecting to the outside of the building shall
y
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be of suffi¢ient size {o allow the éxj)cditious removal of mé_tha'ne ﬁnd

ammonia vapors. Al discharge connections from the GSE must be
piped into this vent line. - ; :

(2) A poriable methane spotter, ‘\.s described in Séc. 4.1, item 3, sjha.)) ’
be kept with the GSE at all times. - : . “

. (3) Provisions must be made. to maintain the methane temperature at
© 'less tiian 85°K and the ammonia temperature at less than 168°K
while the loaded' ECP is in or about the Howard Ch'ambe'r.

. (4) Electrical power (115v, 60 amp) o
(5) One fitled LN, container - capacity 160 liters

(G) If the SCP is 1o be 1oft in the chamber without 2 qun‘)ificd operator, )
the SCP methane and ammonia {emperature sensors must be conrected -
through the chamber wall to the cryogen monitor. panel. . :

4.3 SAFETY EQUIPMENT
The followirg safctj' equipment’is required ip the 1ab when a l,oa'c'léd' LRIR cooler
is presert: . . . . : o .

(1) LN, as described in Sec. 4.1 above

(2) First Aid Kit . . : )
(3) CO2 fire extinguisher (in hall within 50 feet of lab) -
(4) Copy of this document A )
(5) Cepy of LMSC Systems Safety and Health Plan (Ref. 1)
{€) Cozy of SCP-GSE Instrection Manual (Ref.2) - o ]
(?) Telephone numbers of qualified LRIR handlers, LRIR project engincers, -

and HRC safety officers. T ’ )

. {&€} Crycgen temperature monitoring and alarm pane)

(8) MSA model 457743 portable methane spotter
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SECTION 10

NEW TECHNOLOGY

There has been no new tec
-the LRIR program,

hnology developed during this phase of

10-1



SECTION 11
CONCLUSIONS AND RECOMMENDATIONS

11,1 CONCLUSIONS

A protoflight model LRIR has been assembled and su. e=sful.y
completed the required environmertsl, performance, and calibration
test programs. The measured instrument performance deomonstrates
that the critical performance parameters specified in GSFC $-450-
P-11 have been met or surpassed. Nolse equivalent radiance
measurements in the 15um carbon dioxide channels were a factor of
at least 2 better than the required 0,01 wm~2sr-l, Resolution of
2 Km was obtained as deomonstrated by the 0,52 mr subtense of the
instantaneous fiecld of view and 1.5 Km sampling interval,

Environmental tests of vibration, vacuum-thermal and electromagnetic
interference deomonstrate that .the LRIR will successfully withstand
the spacecraft test and launch environment and will provide
deomonstrated performance in the orbital environment.

These tests and deomonstrated performance indicate that the
scientific objectives of $-450-P-11 will be fully met,

11,2 RECOMMENDATIONS
11, 2.1 Introduction

The following recommendations are suggested for consideration in
planning future instrument programs,

11.2.2 Radiometric calibration of the LRIR was performed using
an extended source blackbody located in close proximity to the

LRIR aperture. Radiative coupling between the LRIR and calibration.
source was high as indicated by the fact that the OMP temperatures
increased as the calibration source temperature was increased,.

This produces calibration uncertainties since the OMP temperatures
significantly affect radiometric performance. Quality of the
calibration data can be improved and calibration data raduction

can be simplified on future instruments by incorporating radiative
de-coupling between the radiometer and source. De-coupling can

11-1
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. be approached by reduc1ng the thermal 1mpcdancc ‘between the
‘radiometer and its Lemperature control mechanism, by increasing

: . the amount of temperaLure control of the optics.and housing, and
= ~‘including, in the vacuum chamber, externally controllable baf[le
- plates between the radlometer and source.’ :

T

o " 11.2.3 System pcrformance acccptance tests should be: performcd
R _ . in the interface configuration that the instrument would have on
P the spacecraft, i.e. test cablés that are not a part of the
- instrucment flight configuration should not be connected unless
previous tests have deomonstrated non- lnteractlon

A

[ IR}
AR

B

“11-2

[P

i

[
—





