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1.0 INTRODUCTION

The Advanced Very High Resolution Radiometer (AVHRR)
was developed under Contract NAS5-219060 over the period f£rom
January 1973 to December 1976. The program covered the design,
construction, and test of a Breadboard Model, Engineering Model,
Protoflight Model, Mechanical/Structural Model, and a Life Test
Model. Special bench test and calibraticon equipment was also
developed for use on the program. .

Initially, the instrument was to operate from a 206 n.m.
orbit and be thermallv isolated from the spacecraft. The Bread-
board Model and the Mechanical/Structural Model were designed and

built to these regquirements. During the Engineering Model assembly

phase, the spacecraft altitude was changed to 450 n.m., IFOVs and

spectral characteristics were modified, and spacecraft interfaces

were changed. In addition, the final spacecraft design provided

a temperature~controlled Instrument Mounting Platform (IMP}) to carry
the AVHRR and other instruments. The design of the AVHRR was modified
to these new requirements and the modlfications were incorporated

in the Engineering Model. The Protoflight Model and the Flight Models

{being built on Contract NAS5-22497) conform to this design.

1.1 General Instrument Description

The AVHRR is a four channel scanning radiometer providing two
channels in the visible-near IR region and two IR channels. The
instrument utilizes an 8 inch diameter optical system. Cross—track

scanning is accomplished by a continuously rotating mirror direct-
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driven by a hysteresis synchronous motor. The two IR detectors are
cooled to 105K by a twu-staye passive radiant cooler. The data from
the four channels is simultaneously sampled at a 40 KHz rate and
converted to l0-bit binary from within the instrument.

A summary of the AVHRR chracteristics is given in Table 1-1.
Figure 1~1 is a photograph of the Engineering Model instrument and
Figure 1-2 shows the configuration of the Protoflight Model.

The AVHRR is comprised of five modules which are assembled
together into a single unit instrumenit. These modules are:

Scanner Module
Electronics Module
Radiant Cooler Module
Optical Subsystem
Baseplate Unit
These moqules are shown in the exploded view of Figure 1-3.

1.1.1 The Scanner Module

This module includes the scan motor, the mirror and the scan
motor housing. The scan motor design is based on the motor developed
for the SCMR,an 80 pole hysteresis éynchronous motor. The motor has
two power modes of operation. High power (=4-5 watts) will be
utilized for driving the scan mirror in air and low power(=3.8w) will
be used for nominal in-orbit operation. The scanner housing is an
integral part of the motor and is made of beryllium. The scan
mirror is also made of berylilium and is = 11.6 inches across the

major axis and 8.25 inches across the minor axis. The scan motor



Table 1-1 Summary of Characteristics

Ch 1 Ch 2 Ch 3 Ch 4

— s

Spectral Range (uM) .55 =,9 ,725 - 1.0 10,5 - 11.5 3.55 - 3.93

Detector Silicon Silicon HgCdTe .’ InSb
Resolution (N.M.) .59 .59 .59 .58
IFOV (MR) 1.3 sg. 1.3 sq. 1.3 sqg. 1.3 sq.
S/N @ .5% Albedo >3:1 >3:1 - -
NETD @ 300K - - « 12K « 12K
MTF (1 IFOV/Single

Bar) .30 .30 .30 .30
Optics 8 inch diameter afocal cassegrainian telescope
Scannex 360 rpm hysteresis synchronous motor with beryllium

scan mirror.

Coolex Two~-stage radiant cooler, IR detectors controlled

Data Output
Commands

Telemetry

at 105K
10 bit binary, simultaneous sampling at 40 KHz rate.
28

14 Digital, 20 Analog

1-3
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rotates the mirror at the 360 RPM to produce a contiguous scan
of the earth scvene. The line-to~line jitter is less than 17 micro-
seconds.

1.1.2 Electronics Module

The electfonics module is in two sections hoth of which bolt
on to the instruments inboard side panel. The curved box (Reference
Figure 1=-3) is the motor power supply. Twenty-five electronic
modules are used to make up the electrical system of the AVHRR.
Nineteen of these are located in the electronics box. The s=olar
channel preamplifiers for the solar channels and IR channel 3 are
located in the area of the secondary optics. The IR channel 4 pre-~
amplifier is located on the rear of the radiant cooler housing.

Except for Channels 1, 2 and 4 preamplifiers, all of the
modules are accessible without the removal of the instrument
from the spacecraft.

The following is a list of the electronics modules:

1. Power Converter and Switching Regulator

2, Logics Regulators

3. % 15V Regulators

4, Command Relay #1

5. Command Relay #2

6. Command Relay #3

7. Patch Temperature Control and T/M

8. T/M Board #2

9. Motor Logics

10. Scan Count and Decode

11. 1Interface Logics #1



12. Interface Logics #2

13. Ramp Calibration Generator
14, Auxiliary Scan Logics

15. IR Post amplifier

16. Daylight Post Amplifier

17, Multiplexer

18. Black Body MUX logics

19, A to D Converter

20, IR Preamplifier

2l. Channel 4 Preamplifier

22, Daylight Preamplifier (Ch. 2)
23. Daylight Preamplifier Ch. 1)
24. Motor Power Supply

25. S8witraing Regulator

1.1.3 Radiant Cooler

The radiant cooler module is made up to four basic assemblies.
These are (1) the cooler housing, (2) the firsgt stage radiator, (3)
the patch or second stage radiator, and (4) the cooler cover. The
first stage radiator is configured in such a manner as to shade most
of its 55.2 inch? area from the earth by the cooler cover when the
cover is deployed. A "single shot" solenoid actuated, spring driven
deployment system is used to deploy the cover., Mounited on the patch
are the two infrared detectors. The patch has a 22.4 in2 radiating

area. The cooler housing surrounds the cooler on all sides except



for the radiation area. The housing is vacuum sealed so that

when the bench cooler is clamped to the front of the housing

a vacuum ¢an be pulled on the entire cooler and the system permitted
to cool as it would in space; i.e. radiation to a cold target
located in the bench cooler (except that the cold target is at
liguid nitrogen temperature}.

Multilayer insulation thermally separates the first stage
radiator from the housing and the first stage optical window is
thermally isolated and heated several degress warmer than the 171K
radiator temperature. The patch is thermally isolated from the
first stage by low emissivity surfaces (gold to gold) and runs
at 95K with no control power. During nominal operation the patch
temperature will be controlled at 105K.

1.1.4 Optical Subsystem

The optical subsystem was designed by Ferson Optics, a
division of Bausch and Lomb, to ITT Specification. (Ferson fabricated
the BBM ETM and PTM optics; howeﬁer, the Flight Model Optics are
being fabricated by Perkin-Elmer, Costa Mesa, California.) The sub~
system consists of an afocal 8.0 inch aperture telescope (two coaxial
confocal paraboloidal mirrors) followed by secondary optics which
split the radiant input into four discrete spectral bands and focus
them onto their resgpective field stops. The spectral bands are:

Channel 1: 0.55 to 0.90 microns

Channel 2: 0.72 to 1.05 microns

Channel 3: 10.5 to 11.5 microns

Channel 4: 3.55 to 3.92 microns



The instantaneous field of view is 1.3 milliradians in all channels
and is defined by an aperture plate in Channels 1 and 2 and by the
detector active areas in Channels 3 and 4. In addition the optical
subsystem has been designed to meet the total system MTF require-
ments with the detectors registéred off axis by as much as 1.5
milliradians in Channels 1 & 2 and 1 milleradian in Channels 3 & 4.
Polarization effects have been minimized (<7% in Channels 1
and 2) by orienting the polarization sensitive eléments in a pre-
determined way, thus having elements compensate for other elements.

1.1.5 Baseplate Unit

The baseplate unit is the common structure in which all other
modules are secured. Dowel pins are used to establish and maintain
alignment of the scanner and optics modules. Alignment of the

cooler to the optics is established by shims.
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2.0 SYSTEM SENSTTIVITY

2,15 Solar Channels 1 and 2

2.1.1 Detector

Both solar channels use the same detectors with the same
operating characteristics as bafore the modifications. The
detectors used are Harshaw Chemical Co. silicon detectors. The
detector is an oxide passivate, planar diffused, silicon PIN
photodicde with a guard ring and operated at -15 volts bias. The
device has an active area of 0.100 inch sguare anﬁ is packaged in
& TO~5 can using a metallic hermetic seal. Some of the most
pertinent characteristics of the device are given in Table 2-1.

The detector will be used as a current source for an op-amp
preamplifier. In the current-to-~voltage transducer operating mode,
the combination gives excellent sensitivity and freguency response
using a 4M ohm feedback resistor as the effective detector load.

The detectors are used as energy collection devicaes behind
thé 0.0238 inch square apertures which are the defining field stops
for Channels 1 and 2. Optical analysis showed that using a 0.100
inch square detector active area at an effective optical distance
of 0.146 inch behind the field stop, resulted in a well over 99%
of the rays, which passed through the field stop, being collected
by the detectors of both channels.

2.1.2 Detector Respomsivitv vs. Temperature

The questicn was raised early in the AVHRR program as to
the effect of temperature upon the responsivity of the silicon
detectors. Harshaw ran spectral response versus temperature data

for two of the delivered units. The measured data is of historial
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Table 2-1 Solar Channel betector Characteristics

Type

Manufacturer

Betive Area Size

Bias

Spectral Peak
Responsivity - Peak
Responsivity - Ch 1 Avg.
Respeonsivity - Ch 2 Avg.
Leakage Curvent at ~15 V

Capacitance at ~15 V

Passivated, Planar Diffused
Silicon Pin Photodiode

Harshaw Chemical Co.
0.130 Inch Square
-15 Volts

875 %+ 25 nmeters
0.62 Amp/Watt

0.37 Amp/Watt

0.54 Amp/Watt

17 Nawmp Maximum

15 pf Maximum

Table 2=2 Measured Temperature Vs. Responsivity For Detector Q-3

Waveléngth

Microns -10°C
0.50 NC
0.60 NC
0.70 NC
0.80 1.006
0.90 1.008
0.95 0.987
1.00 0.932
1.10 0.541

Responsivity (Amp/watit) at +24% is baseline for each wavelength

measured.

Responsivity at Temperature

+24°C +50°¢
1.00 NC

1.00 1.017
1.00 NC

1.00 0.998
1.00 1.005
1.00 0.997
1.00 1.021
1.00 1.425



interest only since the latest predictions indicate a maximum
detector operating temperature of about 24°¢. The data is shown
in Table 2-2, The data shows that as Harshaw predicted, no sensible
change occurs at wavelengths shorter than about 1.0 micron. 'This
means, of course, no change would occur in Channel 1.

The AVHRR temperature is more controlled by the TIROS-N
TCE and the maximum operating temperature is within a few degrees
of the nominal detector test temperature of +24°C. The maximum
overall temperature change under various operating conditions is
about 10°C. The detector responsivity changes are insignificant
over so small an excursion and so the AVHRR output will not sensibly

change due to detector temperature variations.

2=3



2.1.3 BSolar Channels System Sensitivity

For chamnels 1 & 2, the signal to noise ratio, S/N, is

®An

given by
o NEP

S/N =

where @Al = solar spectral flux incident on the detector
o = degradation factor due to electronic noise
pickup, 1/f noise, etc.
NEP = effective detector Noise Equivalent Power

’

¢Ak is given by

_ 1 2 1 2 .2
2 = 7 Tan T Pg Bo 87 = —g— I, Topg DO
where I,, = solar spectral irradiance in the spectral band

incident on the Earth's atmosphere

T = transmission of optical system

Pg = scene spectral albedo

DO = diameter of the collection aperture
e = Iinstantaneous field of view

The NEF is given by

_
) 4/352 + idz + ilz
- R

NEP
where is = ghot noise current due to signal flux on the detector
id = photodicde leakage current noise.

il = load resistor Johnson noise current
R = detector responsivity in ampere/watt

Using Thekaekara's Tables we find that the total solar
irradiance incident on the atmosphere in channels 1 and 2 (weighted
by the relative response in each band) is:

1 2 2

IML = 4,24 x 10" ° w/cm
12, = 3.00 x 1072 w/cm®



This is the solar power in the 0.50 to 0.51 micron region (channel
1) and the 0.71 to 1.10 micron region of channel 2.

2.1.3.1 System Transmission

The elements affecting the system transmission can be
divided into two broad categories, those that are spectrally
variant and those that are not. The elements that are variant
are the scan, telescope, and folding mirrors, and the gold dichroic
beamsplitter. These elements areanalysed in the gsection defining
the spectral response. Also analyzed are the banépass filters
and detectors:; however, for S/N purposes, it is assumed that the
bandpass filters are invariant across the band and that the detector
has an average responsivity in the spectral band of interest.

Table 2-3 gives the spectral efficiencies of the mirrors
and gold dichroic used in these caleculations. These are measured
PTM values and represent expected f£light model values. Combining
the three mirror reflections and gold dichroic transmission for
Channel 1l gives an average transmittance of 0.60 for this channel.
Doing likewise for channel 2 (with one more mirror reflectance)
gives 0.43. These are the transmissions through the spectrally
variant elements only. J

The elements which can be consi&ered spectrally invariant
are the inconel beamsplitter separating channel 1 and 2, the relay
lenses in each channel, and each bhandpass filter (the filter has a
relatively flat response across each band). In addition the
obscuration caused by the secondary mirror and its support must he
considered. The values used in calculating the transmissions are

also shown in Table 2-3. There are three relay lenses in each



Table 2-3 Optical Efficiency of AVHRR Elements

{PTM Measured)

SPECTRALLY INVARIANT ELEMENTS

Reflectivity of Inconel beamsplitter = 225
Transmittance of Inconel beamsplitter = ,b375
Transmittance of Chan. 1 filters = 0.85
Transmittance of Chan. 2 Filter . = 0.90
Telescope Obscuration = 0,94
Lens Transmittance = 0.95

SPECTRALLY VARIANT ELEMENTS

SPECTRAL SCaN TELESCOPE FO§§I§G GOLD

POINT MIRROR MIRROR MIRROR DICHROIC

MICRON REFLECTIVITY REFLECTIVITY REFLECTIVITY TRANSMISSION
0.50 .92 .88 ' - .73
0.55 +83 .92 - L7172
0.60 .925 . .93 - .80
0.65 .92 .93 - .81
0.70 .90 .93 .84 .81
0.75 .20 .93 .81 .79
0.80 .88 .92 .79 -765
0.85 .875 .915 .79 .73
0.90 .88 .93 .80 .69
0.95 .89 »935 .815 .642
1.00 .89 .93 .825 .59
1.05 .89 .93 .835 .56
1.10 .885 .525 .845 .54



channel so that the combined transmission for the - ant
elements is 0.154 for channel 1 and 0.272 for .- .mel 2. Combining

these with the values for the variant elemencs gives:

Ty = 0.092

To = 0.117

for the expected total system transmission for each channel.
Allowing a degradation factor for dirt, dust, etc. on each element,,
will result in, perhaps, a more realistic overall’sytem trans-
mission. It is reasonable that lens surfaces sealed from ambient

will not markedly degrade. For sensitivity calculations assume

that each channel will suffer a 50% degradation overall thus

T = .046
To = .058



~T

2.1.3.2 Detector NEP

The Harshaw detector has a peak responsivity (ampere/watt) of
at least 0.62. The average msponsivity across the channel 1 spec-
tral band is 0.37 ampere/watt while that in channel 2 is 0.54 ampere/
watt.

Several factors contribute to the noise. The shot noise due to
the detector dark current, the shot noise due to the detector scene
generated current, and the Johnson noise in the preamplifier feedback
resistor are the major noise sources. 1/f noise is negligible across
the 14.5 XHz bandpass of the electronic filter. Contribution of pre-
amplifier transistor noise is also very small compared to the above
sources and so can be ignored.

Both channels use a 4 megohn feedback resistance in the pre-
amplifier so that the Johnson noise at a 300X temperature over a
14.5 KHz bandwidth is 7.75 = 10“12 amperg. ‘The detector dark current
is 17 nancamperes maximum in each channel giving a dark current ncise
of:

(il) = (iz) = (2 &1 Af)l/2 - g.88 x 107 %2 ampere
d d d

The signal shot noise under minimum signal condition is based
on the current flowing in the detéctor under that illumination. The
minimum signal flux is calculated later to be 1.68 x 16™2 watt in
channel 1 and 1.43 x 10™% watt in channel 2. The minimum DC current
out of the detectors then is 6.22 x 10-10 amp and 7.72 x 10~30 amp
for channels 1 and 2. The shot noise then is

i; = 1.70 x 107 amp rms
2 = 1.89 x 10712 amp rms

Thé toltal noise current in channel 1 is:

1/2

i = ( (7.75)% + (8.88)2 + (1.70)%) x 10

~12

. -11
imy 1.1% % 10 amp

similarly for channel 2

. - -11
iy = 1.19 x 10 amp



The noise is essentially the sane in both channels due

to the predominance of i£ and id‘

A degradation factor o is included in the calculation. This
accounts for stray noises as well as degradations in operation of
the system. For this analysis a degradaition factor of 1.6 based
on the measured BBM and ETM values was used.

The detector NEP then is

#

NEP, = 1.19 x 1070 = 3.22 x 10" yatt

0.37

11

1 2,20 x 10 " watt

Il

HEP, 2 _1.19 x 10"
0.54

2,1.3,3 Signal to Noise Ratio Calculation

Using the equation previously given and assuming a minimum
scene as described in the AVHRR specification (pg = 0.5%), a col-

lection aperture of 8.0 inches, and an IFOV of 1.31 milliradians,

we have
1 N -9
QAA = 1.73 x 10 watt
@ix =  1.54 % 1072 wat:
and so
s/N = ®ax
GNED
s/m, = 1.73 x 1077
1.6 % 3.22 x 107+ = 33.3
_ -9
S/N, = 1.54 x 10°
1.6 = 2.20 = 107 = 44.1



Table 2~4 Sclar Channel Sensitivity

CH 1 . cH2

System Transmission (Degraded) 0,046 0.058
Detector Responsivity 0.37 A/W 0.54 A/W
Detector NEP (25°C) 3.22x 107w 2,20 x 107y
5/N Ratio at Minimum 33:1 44:1

Albedo (257C)
Specified Minimum Signal

to Noise Ratio 3:1 3:1
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2.1.3.4 Sensitivity vs Temperature

The foregoing calculatigg is based on a detector dark
current of 17 nancamps. This is true at 25°%. At higher
temperatures, the detector dark curwent (and the load Johnson
noise to some extent) increases, thus increasing the noise and
increasing the detector NEP. Based on data from Harshaw and the
regults of the thermal math model which indicates very little
variation in detector temperature, the signal to moise ratio for
the solar channels will not perceptibly change in operxation.

2,2 Channel 3 Detector and Sengitivity

2.2.1 MercurYeCadmium—Telluride Detector

The mercury-cadmium-telluride detector is optimized for
best sensitivity between 10.5 and 11.5 um wavelengths when cooled
to 105 Kelvin by the radiant cooler. The important characteristics
of the detector are summarized in Table 2.2-1.

The Hg Cd Te element is mounted in a small metal enclosure
shown in ITT-A/0D Figure 2.2-1. The aplanat leuns is bonded directly
to the metal enclosure and also serves as the window through whiéh
the optical beam passes. The alignment and spacing of the aplanat
lens with respect to the sensing element is accurately maintained
with this arrangement. The detector is tested by the manufacturer
both before and after attachment of the lens to assure a qualified
unit. The internal volume is filled with an inert gas and then
sealed by the manufacturer. The detectors are inspected both
before and after lens attachment by an ITT-A/0D Quality Control
representative who also witnesses the inportant acceptance tests

at the manufacturer's plant.
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MERCURY~CADMIUM~TELLURIDE DETECTOR

ITEM
Spectral Band
Width of Sq. Sensitive Area
Operating & Spec. Temperature
Field of view, Min.
Minimum Resistance
Max. Blas Paower
Avg. D* In Spectral Band At
105K, 2KHz, 100° Fov,

1.2 M.W., 1 HE
Avg. Spectral Responsivity, Min.

Max. Change in Responsivity
Per Kelvin at 105 Kelvin

Long Wavelength Response

Time Constant

Spatial Responsivity Uniformity

I/f Knee Freguency

CHANNEL 3
10.5-11.5 um
0.0068 + 0.0004"
105 Relvin

100°
10 Ohms

'-'-B 2 MU‘W.

2.0 x 100 CMHZ

Volts
Watt

5,500
5%
<l% at 18 um
<l us

<2 to 1

<l KHz

Table, 2,2-1 MCT Detector Characteristics

1/2

Watt
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The size of the sensitive area iz detsrmined by the
effective foecal length (EFL) of the optical system and the
instantaneous field of view (IFOV), which is obtained from the

specified resolution. They are related by the equation

w = 0 x E.F.L.
where w = edge width of square sensitive area
e = angular width of sguare IFOV

For Channel 3, EFL is 132.3 mm (= 5.209 inches) and 0 =
1.31 milliradians which gives w egual to 0,0068 inch. A tolerance
of * 0.0004 inch has been established as being a reasonable
amount consistent with detector fabrication capabilities and size
of the IFOV. In the electrode-to-electrode direction, the length
of the sensing element will be slightly greater (by 0.0005 inch)
to compensate for electrode end effects where the detector
normally has very little response.

A uniformity specification has been incorporated into the
detector specification in order to minimize non-uniformity of
response across the sensitive area. A total of nine egqually spaced
veadings arranged in a 3 by 3 grid will be taken across the sensitive
area and all readings must be equal to or gresater than 50% of the
largest reading. The diameter of the test spot is about 0.0015
inch and the readings are spaced by 0.002 inch; t.e measurements
will be made on a standard "spot scan" test station by the manufacturer.

Acceptance tests are based on measurements made at the antici-
pated operating temperature of 105 Kelvin. Measurements are

mada at 90, 95, 100, 110, 115 and 120 Kelvin in the event that the

cooler must be operated at the backup temperature of 107 Kelvin or

2-14



a cooler malfunction occurs. Details of what measurements are
o made at the different temperatures are given in the procurement
speéification for the detector.

2.2.2 Channel 3 Sensitivity

System sensitivity in the infrared channels {numbers 3 and
4) is expressed in terms of the noise-equivalent~temperature dif-

ference, NEAT (NETD). The NETD is the difference in temperature

between two targets {several times larger than theé instantaneous
field of view) which is required to produce a change in signal
voltage equal to the rms noise of the_radiometer. The equation
used to calculate the NETD is given in Table 2,.2-3, which also
defines the various parameters used in the equation. The de-
gradation factor, o, and the optical f£-number have been made as
small as feasible whereas factors in the denominator of the NETD
equation have been maximized as much as possible. The detector
detectivity is the highest available from any vendor for the
spectral bands, operating temperature, field of view, etc. imposed
by instrument requirements. The field of view, element dwell time
(or electrical bandwidth) and change in scene radiance are all set
by instrument performance specifications. We will discuss in this
section only the degradation factor and the optical transmission
since additional information on the other factors are given in
the Optical Section (3.0) of this report.

The degradation factor, o, consists of two factors for
the case under consideration, that due to 1/f noise from the
infrared detector, and a second factor to account for some ad-

| ditional electronic noise. Diffraction effects are negligible

2=15



NETD

NETD =

2‘V 2 o fn
™ D_ DX 18 A/t (%;%T

Noise Equivalent Temperature Difference

Degradation Factor Including 1/f Detector Noise
Optical F-number

Diameter of Optical Entrance Aperture

Average detector detectivity in gpectral band
at the measuring frequency

Transmission of optics including obscuration
effects

Angular width of square instantaneous field of
view

—
2&f0
3 db bandwidth of presampling filter)

Elemental dwell time ( = where Afo is the

= Change in scene radiance for small temperature

change at temperature T

Tahle 2.2-3 DNoise Eguivalent Temperature Difference Equation

{(Channel 3)
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DEGRADATION FACTOR (o)

Ctotal ~ al/f - %2
[ £ £, J /2
aype = |1+t )
1/t £y =, £,
fc = frequency where 1/f detector noise power equals
G-R white noise

fu = upper cutoff frequency of the system
f2 = lower cutoff freguency of the system

£, =1 Kuz

£a 2 1 Hz

fu = 14.5 KHz
ITEM CHANNEL 3
Ay sg . 1.29
.y (See text) ! 1.4
Ciotal 1.8

Table 2.2-4 Degradation Factor
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AVHRR OPTICAL TRANSMISSION

Reflectance or Transmittance

item Description Channel 3 Channel 4
Scan Mirror 0.95 0.95
Telescope Mirrors (2 @ 0.97 Ea) 0.94 0.90
Transp. Gold B.S. (D1l) 0.88 0.82
Folding Mirror (M3) 0.96 0.95
Ge Focus Lens (L1) 0.819 J 0.846

Ch 3 (2 @ .905)
Ch 4 (2 @ .920)

Irtran II Windows Inner .0.92 0.95
Outer 0.82 0.95

Infrared Dichroic (D2) 0.81 (T) 0.92 (R)

(OCLI Guaranteed Minimum)

Ge Aplanat Lens (L2, L3) 0.94 0.94

Bandpass Filters (F4) 0.80

Telescope Obscuration 0.94 0.94

System Transmission ' 0.333 0.331

(Product of Above)

Values Given Above Are Measured PTM Values.

Table 2.2-5 Optical Transmission For Channels 3 and 4
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since we are considering scenes which are several times larger
than an IFOV. The equation and parameters used to calculate
the degradation factors are given in Table 2.2-4. The degradation
factor for the electronic noise has been calculated by determining
the noise voltage level from the infrared detector and from measure-~
ments on the BBM and ETM.

The apparent electronic pick up was somewhat higher on
the ETM than expected. The apparent; ca., on the ETM was about

1.6 and the total degradation factoxr ¢, was about 2.1. Several

T
areas of potential pickup wers redesigned on the PTM and a lower
o, is expected. A value for o; of 1.4 and a total ¢ of 1.5 seems
reasonably consexrvative.
The optical transmission, T, was determined from the
measured transmittance or reflectance value for each optical com-
ponent in the PTM optical system. The value for each component
is listed in Table 2.2-f for both Channels 3 and 4. Assuming
some optical degradation as in the solar channels ywe agsign a value of
T3 = .20
Ty = .20
for use in the sensitivity calculations.
Table 2.2-6 gives the parameters used and the calculated NEAT.

As shown, the'spec. value will be achievad.
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2.3 Channel 4
2.3.1 Detector
The detector chosen for use in the channel 4 (3.55 to 3.93
microns) is a photovoltaic indium antimonide photodiode built by
Cincinnati Electronics Corp. The detector has a 0.007 inch square
active area and is used in a configuration identical to the silicon
detectors of channels 1 and 2. That is, it is a current source to
an amplifier used as a current to voltage amplifier with a 1.4 M ohm
feedback resistance. The detector is mounted in a Xovar housing
like the channel 3 detector with the aplanat forming a hermetic seal.
Photovoltaic InSbhb has better noise characteristics with a
smallvamount of reverse bias; therefore, a bias on the order of
-30 millivolts is used. The exact bias is determined by
C.E.C. during acceptance testing of the photodiodes. The method
used for bias generation and control is discussed in the section of
the electronics describing the channsl 4 preamplifier. Table 2.3-1
summarizes the channel 4 detector parameters.

2.3.2 Channel 4 Sensitivity

The sensitivity of the InSb photodiode is specified in
terms of its quantum efficiency, n, and its noise output for a
given thermal background irradiance. Since noise sources external
to the detector-amplifier system are significant (i.e., background

flux and signal shot noise), this concept is most applicable. The
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4 f use of D* implies a situation where system and detecior noise
v

L

are the limiting factors.

The following analysis determines the sensitivity of the
system in terms of the detector output current for both the noise
sources and the NEAT., The inital section determines the system
noise. Following that are sections which define the detector
output for the NEAT, effects of an albedo signal in this spectral
region, and postamp gain and digitizer effects oﬁ the system
sensitivity.

2.3.2.1 Svystem Noise

For Channel 4 there are four noilse sources. These are:

1. Background f£lux noise

2. Preaﬁp noise

3. Signal shot noise

4. Stray pickup
These are discussed separately below. The stray pickup is handled
as a degradation to the total noise.

In the nominal 3.55 to 3.93 micron band, a 300K background

scene causes a signal current cut of the detector given by:

Ibs = Kadgn QB Eg. 1
K = optical filtering factor
n = gquantum efficiency (average in band)
g - 1.6 % 10°%°
a = detector area - 2.98 x 10™% cm?
QB = background photon flux

This assumes that the filter is cold and mounted on the detector.
- The optical £iltering factor accounts for the fact that when the

detector is mounted in the system on a cold patch, the incidence
2-21



Table 2.3-1 Channel 4 Detector Parameters

Spectral Band

Type of Detector Source

Operating Temperature
Operating Mode
Sensitive Area

Quantum Effjiciency in
Spectral Band

Background Noise Level

Bias Voltage

Preamp Gain

3.55 o 3.93 Micron

Indium Antimonide
Cincinnati Electronics

105K
Photovoltaic
0.007" Square

0.75 Minimum

Maximum 10% over Theoretical

Level
A 30 mvolls

16 = 10°
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angle, @, of the background is limited by the cooler windows and
reduced by the transmissions of the imner window (rw}, the band-

pass filter (TF)r and the aplanat (Ta).
2

K = T T, ¢ Ty . Tsin~ © BEg. 2
- - = - =0
For Ty = _TE Ta .85 and © 75
K = 1.80 ster

’

Por a 300K scene, the photon flux, QB’ in the nominal

spectral band is 3.22 x 10+% photon cm % ster - sec L. Using

= (0,75, we have

L, = 2.07 x 107° amp

The noise in this background signal is given by:

ib = ¥ 2q I Af Eg. 3
The bandiwdth, Af, is 14.5 KHz and so
i, = 9.80 x 1072 amp rms.

The second noise source (fhe preamp) really consists of
two sources. The input transistor contributes noise as does the
feedback resistance which conikributes Johnson noise. Nolse data
was measured by G.E. Sonnek on a preamp similar to that required for
Channel 4. His measured data indicated that with a 16 Mohm feed-

back a total rms preamp noise of 4.42 x 10712

amp is obtained in
a 14.5 KHz bandwidth.
The third noise source, the signal shot noise, depends
on signal level. Since thie NEAT spec is at 300K, this is the scene

level of interest. The maximum scene to be viewad is a 320K scene.
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The detector output current due to the scene is given by:

= \ W ;
I, N, T B By, 4
where NS = scene radiance
T = system thruput
R, = detector responsivity (amp/watt)

The system thruput T is given by:

T = AQT Eg. 5

where A = collecting area
Q = selid angle of view
T = system transmission

For AVHRR, A is 324 cmz, Q is 1.72 = 10"6 ster, T is about 0.33;

therefore, T is 1.83 x 10™% cm® ster. Using the minimum specified

quantum efficiency of 0.75 gives a Rl of 2.26 amp/watt. The radiance

5 2

of a 300K scene in the nominal spectral band is 1.70 xz 10 ° w/cm

ster. The detector output then,'with no albedo contribution, using

equation 4, is:

I, =  7.03 x 1072 amp

The rms noise, is’ is
iS = 5.71 % 10"12 amp rms
The last source, stray pickup is a source which is minimized
by design, but never entirely eliminated. We will assume a 1.60
degradation in the TOTAL system noise performance since ETM and PTM
noise degradation appeared to be less in this channel than in

channel 3. This includes a 4% 1/f noise contribution. The total
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noise current, in’ under these conditions is:

. ) ] 2‘5 _
in = 1.6 [é.BO)z == (4.42)2 + (S.TiJf? x 10 12 amp Eg. 6

i =  1.95 % 107" amp rms.

2.3.2.2 8ystem Output for NEAT

The detector output caused by a 0.12K scene change at 300K

is determined as follows. Using the Towan & Blanch "Tables of

’

Plancke Radiation and Photon Functions", we find that the photon

14 1

flux of 301X scene in our band is 3.36 x 10~ photons on™? ster”

sec—l. For a 300K scene it is 3.22 x'10l4. The change in flux

due to a 1.0K temperature change in the scene is then 1.37 =x 1043

photon cm 2 ster © sec”l K~F. For a 0.12K NEAT, the Noise Equivalent

Photon Flux is:

12 1 -1

NEF = 1.64 x 107° photon cm™? ster™t sec

The noise equivalent flux on the detector is gimply:

NEFD = T * NEF

NEF, = 1.83 x 108 photon sec

The detector output current change caused by the scene temperature

1

change is:

INEF = ng (NEFD)

— ~11
INEF = 2,19 2 10 amp

By definition the NEAT of the system is the AT which causes
a INEF egual to the total system rms noise in. This analysis then
indicates that with the nominal spectral band, an NEAT of 0.12K is

achievable with a S/N ratio of

-1l

(S/N}4 = 2.14 x 10 = 1.,12:1

1.95 x 10~+1

The eéffective NEAT is expected to be .107K as shown in Table 2.3-2

2-25



Table 2.3-2

Collection Optics
System Transmission
IFov

Bandwidth
Background Temp
Degradation Factor
Quantum Efficiency
Specified NEAT
Calculated NEAT

Channel 4 Sensitivity Parameters

8.00" Diameter
.20

1.3 mrad

14.5 ¥Hz

300K

1.6

0.75

0.12K at 300K

0.107K at 300K
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2.3.2.3 Albedo Radiance

In this spectral channel, the sunlight reflected from
the Earth Scene contributes to the total scene radiance,., Using
Thekaekara's table of solar irradiance we find that a 1.0 albedo
scene at noon at the subsatellite point has a reflected radiance

in the nominal spectral band of 1.06 x 10" % 2

w/cm® ster. According
t0o NASA personnel, the maximum actual albedo of a scene in this

band is about 0.10. Further, since the spacecraft is never over

a noon nadir, this value of reflected radiance is reduced by sin

67° (which is the maximum orbit normal to sun angle). These factors

6 w/cm2 ster.

make the maximum reflected solar radiance 9.76 x 10~
If we assume no atmospheric attesnuation, this is the albedo
contribution on the day side of the oxbif.

The maximum scene temperature is specified as 320K. The
spectral radiance of this scene is 3.76 X 10"5 w/cm2 ster. The
albedo radiance is then about 25% of the maximum thermal radiance,
and the total scene radiance for'a daylight 320X scene is 4.74

5 2

% 107 ° w/em® ster, if the maximum albedo is 0.10 in this band.

2.3.2.4 Post Awmp Gain and Digitizer Effects

The post amp gain is determined by the output voltage
range and the maximum scene radiance level. As discussed previously,
the maximum scene radiance for a 320K scene is 3.76 x 107"

w/cm2 ster. This causes a detector output of 2.04 x 10"'8 amp



(using eguation 4). With a 16 Mohm feedback, the preamp output
is a 0.326 volts. If 6.1 volts represents the output voltage swing
for a full to zero radiance change, then the post-amp gain must
be 121 .

Since the A-D converter digitizes to 10 bits (1024 levels),
each level corresponds to:

6.39375 = 6.25 m volts
1823

The detector current change caused by the NEAT is 2.19 x 10_11
amp. At the digitizer input this is:-

11 6

2.19 x 10 """ % 16 x 10" x 18.7 = 6.5 m volts

Thus each data bit will be about the same as the estimated

noise level of this channel.
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3.0 OPTICAL DESIGN

3.1 General Description

The optical configuration of the AVHRR is shown in Figure 3.1-1
{the rotating scan mirror is not illustrated for simplicity). The
energy from the scene is collected by an 8.0 inch diaméter clear
aperture afocal telescope, the primary mirror being the entrance
aperture. In the afocal design, the secondary mirror recollimates
an incoming collimated beam with the angular spreéé of the exit beam
being increased over that of the input beam by the ratio of diameters
of the input to the exit beams.

Dichroic No. 1 transmits Channels 1 and 2 (solar channels) and
reflects Channels 3 and 4 (infrared channels). The latter two chan~-
nels are then partially focused by a germanium lens doublet (LI)
which is axially adjustable for focusing. The beam passes through
a window on the cooler housing and a window on the gold hox {(or low
emissivity shield), the windows being used to provide a vacuum seal
for bench testing the cooler and to vrevent moisture from the multi-
layer getting onto a 105 Relvin patch-detector assembly respectively.
Channels 3 and 4 are separated by dichroic No. 2 which is mounted
on the patch along with the detectors, bandpzss filters and aplanat
lenses (L2 and L3). Dichroic D2 is actually the Channel 3 bandpass
filter designed for the 45° incident beam and is used also as the
dichroic since it reflects the Channel 4 energy. The bandpass filters
are mulitilayer interference type filters which provide the spectral
response required by the AVHRR specification. Mounting of the two
infrared detectors and dichroic No. 2 in a precision-machine mounting

structure simplifies registration of these two channels to each other,
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The beam which is transmitted by dichreic No. 1 is sub-~
seguently separated by beamsplitter D3 which reflects Channel 1
and transmits Channel 2. Mirror M4 and beamsplitter D3 are used
to minimize polarization. Elements Fl and F2 are the spectral
shaping filters for Channels 1 and 2 respectively; they both have
flat faces on both sides and produce no focusing effect since they
are in the c¢ollimated beam from the telescope. ILens assembiies L4
and L5 are re~focusing elements which form an imaéé of the scene
at the "field stop aperture" (i.e. an aperture plate located in
the final focal plane of the system which contains an opening that
determines the field of view for these two channels). The energy
which passes through the aperture opening iz then detected by
silicon detectors are mounted in‘TO—S lousing with a flat glass
window hermetically sealed to the housing).

The optical performance requirements are summarized in Table
3.1-=1. In addition to the instantaneous field of view (IFOV) require-
ment, ITT imposed a larger, extended POV on the optical subcontractor.
That is, the optical system is designed so that the minimum MTF values
given in Table 3.1-1 are cbtained over a larger field of view than
would be required by the IFOV. The reason for this is sc that the
detectors can be moved individually in their respective focal planes
in order to register all channels simultaneously without losing MTT
performance. In Channels 3 and 4, only the focus lens assembly L1
is designed for the EFOV since Channel 3 will be used as the reference
channel (i.e. it will be located on the optical axis and the other
detectors will be adjusted until aligned with it). Since the tele-
scope operates over all four channels, it must cover the EFOV in all

channels. The spatial freguencies listed in Table 3.1-1 correspond
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to the subsatellite target sizes given in the AVHRR specification,
i.e., 385 cycles/radian corresponds to a 0.59 nautical mile ground
target, etc. A complete detailed description of the optical sub-
assenbly requirements is given to ITT~-A/OD Spec. No. 8007907. A
more detailed description of the optical system and components and
the calculated performance is given in the following sections.

The initial design and fabrication of the develoPment models
of AVHRR (BBEM, ETM, PTM) was performed by Ferson Obtics Div. of
Bausch and Lomb. The Flight Model optics are being obtained from
Perkin Elmer, Costa Mesa, California.

3.2 Scan Mirror

The scan mirror configuration is shown in Figure 3.2-1 (ITT-
3/0D Dwg. No. 8007928)., It is made using a waffle or egg-crate
construction to reduce weight while maintaining rigidity. The basic
material is HP21 beryllium with a precision elastic limit of 4000
PSI minimum. After machining of the blank it is electroless nickel
plated to provide a good polishing surface. After polishing to the
specified flatness, the flat surface is aluminized and overcoated
to give a high reflectance in all four spectral channels. The back
surface is gold plated for thermal reasons. The scan mirror is
mounted to the drive motor shaft and dynamically balanced as described
in Section 4.0. The scan mirrors are being procured from Applied
Optics Center, Burlington, Massachusetts.

3.3 Telegcope Design

The telescope assembly is shown in Figure 3.3-1 (ITT Drawing
#8009383). The telescope collects energy from an infinitely distant
source (i.e., the earth) that subtends a solid angle of one IFQV
which is located within the extended FOV. The diameter of the
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OPTICAL PERFORMANCE REQUIREMENTS

cu._lr.ul;u_icu_ﬂ
INSTANTANEOUS F.O. v.(f; s§> 1,31 M.r. 1.31 m.r, 1.31 Mm.r. 1.31 M.R.

-

SPECTRAL BAND (um) 0.55-0.90 0.725-1,1 10.5-11.5 3,55-3,93
EDGE WIDTH OF SQ, FIELD STOP 0.0238" 0,0238" 0.0068" 0.0068" -

EXTENDED Fov (RADIUS) 1.1 M., 1.1MnR., 2.2 M.RT_ 2.2 M.R.

TELESCOPE--AFOCAL CASSEGRAIN {TWO COAXIAL. CONFOCAL PARABOLOIDS)
TELESCOPE PRIMARY MIRROR-=-APERTURE STOP & ENTRANCE PUPIL

DIAMETER OF ENTRANCE PUPIL 8,00 £ 0,01 1ncHES
DIAMETER OF EXIT, AXIAL TELESCOPE BUNDLE 1.00 incH
MAX. SECONDARY OBSCURATION (INC, BAFFLE) 2.00 1ncHES
= CYCLES —MINIMUM SYSTEM M, T,.F.
SPATIAL FREQUENCY M. T,
- RADIAN cHl cH2 cu3 cHl
(ALL CHANNELS) o
19 0.9 0,96 0.96 0.9
257 0,91 0,93 0.90 0,91
385 0.88** 0,90 0.86** 0,88**
TELESCOPE MIRROR MATERIAL - (OWENS-ILLINOIS) "CERVIT”

CHANNEL REGISTRATION SAME AS NASA/GSFC SPEC,

* APPLIES TO FOCUS LENS ONLY.
**DesIGN GoAL MTF 1s 90%

Table 3r 11 - Summary of Optics Requirements
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entrance beam into the telescope is 8.00 inches and the diameter

of the exit beam, which leaves through the center hole of the primary
mirror, is 1.0 inch. This reduction in beam diameter caused a
corresponding increase in angular extent, i.e. the IFOV of 1.31 mr
(milliradian) by 1.31 mr into the telescope leaves with 10.5 mr by
10.5 mr beam spread. The largest field angle over which the telescope
must operate is the extended FOV which has a 4.4 mr diameter in object
space (without the extended FOV, the telescope woq;d have to cover

a field of 1.85 mrj).

The telescope consists of two confocal, coaxial paraboloidal
mirrors which are called the primary (iarge) and secondary mirrors.
The primary mirror clear aperture is both the aperture stop and
entrance pupil of the optical system. It has an 8.0C inch diameter
clear aperture and a focal length of 10 inches giving it an optical
speed of 1.25. The intervertex distance (the axial separation of
the primary and secondary mirrors) is 8.75 inches. This gives a
1.0 inch diameter beam reflected Ey the secondary for a collimated,
axial beam into the telescope. Because of the extended field of
view, the clear aperture of the secondary mirror must be a minimum
of 1.040 inches. In order to re-collimate the beam, the secondary
mirror must have the same optical speed of the primary mirror, i.e.
l.25. The focal length of the secondary mirror is therefore 1.25
inches.

A conical baffle is located around the secondary mirror to
prevent radiation within the EFOV from getting past the secondary
mirror and into the aft optics (i.e. the optical components behind
the telescope). The telescope barrel is made of invar metal which

has a very low coefficient of thermal expansion and therefore maintains
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mirror alignment over the temperature range. The mirrors are

made of Cervit (made by Owens-Illinois) and has a low coefficient
of thermal expansion. After polishing, the mirrors are coated with
a Hgh reflectivity coating of aluminum which is protected by an
overcoat layer of silicon monoxide: this coating is used because of
its uniform spectral reflectance in all four channels. Other
mechanical features of the telescope are described in Section 4.0.

A unigue feature of the AVHRR telescope assembly is the absence
of any coma or astigmatism. Thus the angular alignment of the re-
flective, reimaging optics following the telescope is not criteal
with respect to the telescope exit beam. A tolerance analysis of
all optical elements was performed by Ferson Optics which showed
that the only sensitive elements are the primary and secondary
mirrors (i.e. the alignment with respect to each other). The optic
subcontractor not only fabricates the mirrors (as well as all lens
elements) but assembles and aligns the mirrors in the telescope
housing assembly shown in Figure 3.3~1. The primary mirror is first
potted in place and then the secondary mirror is adjusted by position-
ing the entire spider support in an annular ring at the front of
the telescope). The performance of the completed telescope is
checked as a subassembly after potting has cured.

3.4 Channels 1 and 2 Lens Design

The reimaging optics for Channels 1 and 2 are AR coated lenses
consisting of three elements. This triplet design is shown in Figure
3.4-1 which gives the radii of curvatures, axial thickness of each

element, axial spacing, minimum half apertures for each lens surface
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énd the material. The lens materials were selected to control
chromatic aberrations over the wide spectral bands, especially
channel 1 (0.55 to 0.90 um). The triplet design has more than
adequate MTF performance over the extended FOV and Las high
transmission and low manufacturing sensitivity. It has been
possible to achieve a single design which can be used for bbth
channels 1 and 2 even at the relatively fast effective £/number.

The focal plane is located at position No. 4 in Figure 3.4-1.
The field defining aperture (or "field stop®) is located at this
position; the size of the opening is 0.0238 inch by 0.238% inch
and produces. the 1.31 mr by 1.31 mr field of view in object space
in Channels 1 and 2.

The optical performance data for Channels 1 and 2 is summarized
in Table 3.4-1. The optical design was performed by Ferson Optics
under subcontract to ITT-A/0OD. Preliminary design was carried out
using computers ai Ferson's plant-while the MTP data for the final
design was obtained using the Grey Diffraction MTF Program on a CDC
6600 computer. Five wavelengths were used for evaluation for each
channel and MTF data was determined for best alignment (on-axis)
and worse alignment (at the edge of the extended FOV) for all
channels. WNote that the calculated MTF for 385 cycles per radian®
at the edge of the EFQOV is 97.4% for Channel 1 and 96.9% for Channel

2 and is much better on-axis. The required value at this optical

#385 cycles per radian corresponds to 0.831 line pairs per mm
in the focal plane and to 0.5 nautical mile target on the
earth's surface.
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AVHRR OPTICAL SYSTEM MTF (PERCENT)

-
ON AXIS.
ch 1 | cH 2 cH 3 | CH 4
CYCLES/RAD SPEC CALC  SPEC  CALC | SPEC CALC ' SPEC . CALC
19 96 >99 9 >99 9% | >99 | % >99
257 93 98,7 = 91 >99 0 ® | 9 98.5
385 90 98,2 | 88 99 8 | 9 | 8 | 9.7
FIELD EDGE
19 % 599 ;| % > 9% 99 | % 99
257 . 9 98.4;J o . 982 | 9 97 J o . 98
385 . .90 _ | 976 1 88 | 9.3 | 8 95 83 97
EFOV EDGE
19 95 | >0 . %6 > | 9% | »99 | % | >9
%7 ] 9% | %2 9 : 99 90 96 9 36
385 90 9.4 l 88 "1 %.9 | 86 ol 88 | o
S Table 3.4-1 Calculated MTF Performance




freguency for Channel 2 is 50% and for Channel 1 it 1s 88% with a

e design goal of 90% for both channels (see Section 3.1). The high

optical performance achieved in the design permits comparatively
easy manufacturing tolerances for the lens elements and tolerable
mechanical alignment tolerances (see Section 3.6 for tolerance
analysis results).

3.5 Channel 3 and 4 Lens Design

The reimaging optics focus the ensrgy cominé.out of the tele-
scope onto as small a detector as possible. The optics consist
of a focus lens assembly (doublet) made ci germanium for Channels
3 and 4; the index of refraction of germanium does not change
significantly between 4 and 12 ym. The slight difference in index
is taken care ' by locating each detector at the corresponding
foral plane. The focus lenses are axially adjustable to obtain
optimum focus by means of an adjustment external to the radiant
cooler; this also permits use of a smaller opening in the cooler
which lowers the thermal input thereto.

A third germanium lens, called an aplanat, 1s used just in
front of each detector to do the final focusing of the beam (an
aplanat introduces no additional coma or spherical aberration). The
best signal-to-noise ratic is obtained by using the smallest possible
detector area since detector noise depends somewhat on area in
Chaunels 3 and 4. The detector arez can be found from the Abbe sine
law (see for example, R. C. Jones, Applied Optics, Vel. 1, p. 607,

1962 or D. Marcuse, Applied Optics, Vol. 10, p. 499, 1971).
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2 — - 2
AOG = Ad T siln W
_ . . . T 2
where A, = area of collecting optics = —g—— D
0 = width of square IFQV
Ay = area of square detector = de
u = maximum incidence angle of an axial ray at

the detector.
This can be simplified to D6 = 2 W4 sin y. Using the sine

definition of f-number, i.e., £ =t this becomes w, = £

n 2 sin yp d o
DO 8. Since 8 has been specified ( 68 = 1.31 m r) and we have
chosen D0 = 8.0 inches, we c¢an only minimize fn {(maximize u).
About the maximum feasible value of p is 500; this gives fn
= 0.653 and Wg = 0.0068 inch. The sensitive area of the infrared
detector is the field defining "stop" in Channels 3 and 4; in both
infrared channels the edge width of the square detector is nominally

0.006% inch # 0.0004 inch. If we note that wd/e = BFL (effective

system focal length), then
' EFL
fh < D,
which is the common definition of f-number.

The aplanat has the effect of optically magnifying the size
of the detector by the refractive index {about 4.0 for germanium
at 12 um) so that the focus lens "sees" a detector image 0.0272
inch on an edge. Since the focus lens sees an angular field spread
of 10.48 x :LO"'3 radians from the telescope (Channel 3}, it has a
focal length of about 2.6 inches. The speed of the focus lens is
also about 2.6 since the beam is 1.0 inch in diameter (neglecting
field spread); the actual clear aperture diameter of the focus lens

is large enough to a<cept the beam spread plus some allowance for

mechanical tolerance. 3~-14



The detaill design information for the Channel 3 and 4 re-
imaging optics is given in Figure 2.5-l. BAn enlarged scale drawing
of the optica’ elements mounted inside the radiant cooler is shown
in Firure 3.5-2. The sensitive area of the Channel 3 infrared
detector is located at position 15 and that of the Channel 4 detector
at position 20. The position of the aplanat lens is held very
accurately with respect to the detector seansitive érea by mounting
the aplanat directly to the detector housing. This is shown in
Figure 2.2-2 (ITT-A/OD Drawing 8008791), the housing for the
Channel 3 infrared detector. The aplanat lens also serves as the
window for the housing since it is hermetically bonded in place.
The same type of construction has been successfully used by the
same detector vendor on the infrared detectors for other programs.

The MTF performance of the infrared bands for both on-axis
and edge of the EFQOV is given in Table 3.1~1, The MTF data given
in the table includes the effects of diffraction. Since Channel 3
is used as the reference channel for registration, the detector-
aplanat assembly for this channel is positioned on-axis. Achieve~
ment of the 86% MTF requirement for this channel is therefore not
expected to present a problem. The calculated MTF values for both
infrared channels is appreciably higher than the required values
imposed on the optical vendor by ITT-A/0D. Tolerance analysis
studies indicate that the required performance is achievable
without undue difficulty. The axial astigmatism in Channel 3 which
is caused by the tilted dichroic (D2) was analyzed and was found

to be masked by diffraction effects at these long wavelengths.
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No, | RADIUS |THICK MM | WALF 4 L___,,
N .inN AXIS APT _MM.. ...
11-185.15 | 10,00 19.66 .
2 |-294.56 | 10,00 20,54
3( 16620 1000 7215 E
y {-3238,3 4,32 . 21,53
- E— 4,78 g 15,87  IRTRAN
6| -- 1740 ., 15,35 2
4 - 1,57 ¢ 11,10  IRTRAN
8| -- 1577 10,93 2
g] - 2,54 =
GE
10| - 7.60 . --
11 _ FILTER
12 . ‘ DELETED
13| 458 3.00 ¢ 4M3
EFOV =d— ! 14| 2,80 2,48 2,42
15 IMAGE PLANE CH 3
= IFOV 9| -- ; IL5 --
16| -- 1,01 4,13
- GE
AVHRR CH 3 & 14 o - 0.25 1,12
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Figure 3.5-1 Infrared Reimaging Optics Data
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3.6 AVERR Tolerance Analysis

A teolerance analysis was run on the AVHRR Optical Design
using a Ferson Optics computer program. The program provides
information of changes in the OPD* (in Raleigh units) due to
perturbation of optical design parameters about their nominal
values. From the OPD variations due to perturbations, the mechanical
tolerances for manufacture can be determined. The data presented
here is for individual elements as well as groups of elements
which are mounted on subassemblies. Figures 3.6-1 and 3.6-2
show coneentricity and parallelism for group data in schematic
presentation. Mirrors and dichroics are not shown but must be
considered when distributing the parallelism and concentricity
tolerances. A summary of the recommended tolerances follows.

3.6.1 Summary of Mechanical Tolerancesg**

Channel 1 and 2 - Focus Lens

a. Focus Lens Diameter - OD + 0.000 —=0,002

b. Focus Lens Cell - ID +0,002 -0,000

¢, Minimum Clearance for Thermal Expansion - 0.001

d. Triplet concentricity relative to telescope optical
axis - 0.0l0

e. Triplet parallelism relative to telescope optical

axis -~ 4 wr

* OPD = Optical Path dgifference.

*%  Linear dimensions in inches, angles in milliradians (mr).
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L

Channels
al

b.

Channels
a.

b‘

Spacer Data

Lenses 16-17*
Length +0.002
ID £0.001
oD +0.000 -0.002

*See Figure 3.4-1.

3 and 4 - Focus Lens

Focus Lens Dia. - OD +0.000 -0.002
Focus Lens CEll - ID +0.002 -0.000
Minimum clearance for thermal expa
Doublet concentricity relative to
optical axis - 0.005

Spacer Data

Length - +0.003

ID - $0.002

oD - +0.000 -0.002

3 and 4 - Aplanat
Outsider Diameter Aplanat - +0.000

Diameter aplanat cell - +0.002 -0.

Concentricity of cell diameter relative to detector

axis - 0.002

Mounting Surface deviation relative to detector

surface - #0.001

17-18%
$0.003
10.001
+0.000 -0.002

nsion - 0.001

telescope

-0.002
000
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3.6.2 Suriace Quality for Filters, Beamsplitt: s

Ch. 1 and 2 Ch. 3 and 4

a. Scratch 60 80
b. Dig 40 50
c. Flatness 10 fr 2 £r
d. Irregularity 1 fr 2 fr
e, Wedge 1l mr 1 mr

3.6.3 Mechanical Adjustment Data (Inches)

Back Focus X-Y

Focus Adjust Adjust
Channel 1 1.512 | +0.050 +0.040
Channel 2 1.515 +0.050 +0.040
Channel 3 0.0976 + 0.002 +0.050% +0.040
Channel 4 0.062 + 0.002 +0.050% +0.040

*An additional adjustment of 0.0606 for Channel 3 and

0.0343 for Channel 4 towa;d the focus lens is required

for room temperature testing.

Position of Channel 4 aplanat relative to Channel 3 aplanat -
+0.002.

3.7 Dichroics, Beamsplitters and Cooler Windows

Dichroics D1 and D2, Beamsplitter D3, the Irtran cooler windows
and the Channel 3 filter are being obtained from OCLI (Optical Coating
Labs, Inc., Santa Rosa, Calif.). The function of the two dichroics and
the beamsplitter is to separate the optical beam exiting the telescope
into four separate beams before final focussing in each of the four
channels. Dichroic D1 consists of a thin "Transparent" coating of gold

evaporated onto a flat glass substrate. This type dichroic reflects
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radiation in Channels 3 and 4 with approximately 82% efficiency and
transmits Channels 1 and 2 with approximately 75% and 70% efficiency,
respectively, It does polarize the energy in Channels 1 and 2 and is
the reason why an additional folding mirror (M3) is used. More complete
details of this dichroic are given in ITT-A/0OD Spec. No, 8009262.

Dichroic D2 reflects Channel 4 radiation and transmits Channel 3.
This dichroic is the bandpass filter for Channel 3 which is designed for—
a 45° incidence angle and the focused optical beam when cooled to 105
Kelvin. The "filter-dichroic" reflects energy in the 3.5 to 4.0um
spectral band. The reflectance for Channel 4 radiation is 90% minimum
and the transmittance for Channel 3 radiation is 75% minimum. The
substrate material for the dichroic is optical grade germanium; the
thickness was made as large as feasible to minimize bending when it is
cooled to operating temperature. More complete details of this dichroic
are given in ITF-A/0D Spec. No. 8008792.

A detail layout drawing showing the extreme optical rays at
Dichroic D1, Beamsplitter D3 and folding mirrors M3 and M4 is shown
in Figure 3.7-1. The angle of beamsplitter D3 with respect to the
optical axis was minimized in order to reduce polarization effects.
Since the spectral bands of Channels 1 and 2 overlap each other, D3
cannot be & dichroic beamsplitter but must be a neutral density
separator. The neutral density beamsplitter consists of a thin
evaporated coating of inconel on an opticallé—polished, £lat glass
substrate. The minimum average reflectance is 22% for Channel 1 energy
and the minimum average transmittance is 34% for Channel 2. Complete

details for beémsplitter D3 are given in ITT~A/OD Spec. No. 8007932,

3-23



&
"

M3

. 324 . _ RAY TRACE AND MINIMUM APERTURE
¢ \\\ : 'FOR BEAMSPLITTERS AND MIRRORS

MIN. CLEAR APERTURE- 39.575mm DIA
. / (1.558 IN DIA) |

NIOTH0
Sl;xl‘x"nﬁlf)ﬁﬁoama

- §00d
s, 40

'5

IN'
! L

QO e ©

1
1
5
5 10 15 20 25mm
. — MIN.CLEAR APERTURE- 37.80mm DIA
‘ (1.488 IN OIA)

. RELATIVE TO TELESCOPE ¢
1

- .2

E

w

AND MINIMUN APERTURE FOR BEAMSPLITTERS AND MIRRORS -

FIGURE 3.7-1 RAY TRA

R T p—— —— R e



The cooler windows are optically-polished, flat circular
disces of Irtran 2 material (Eastman Kodak trade name). They are
antireflection coated by OCLI to give a minimum transmission of
85% in both Channels 3 and 4. The coated windows meet standard
miliﬁary specifications for adherence, hardness and humidity. The
outer cooler window (Wl) is comparatively thick since it must withe
stand atmospheric pressure when the cooler is evacuated for bench
cooling tests. ‘

The Channel 4 bandpass filter is a conventional multilayer
coating on a polished germanium substrate. The bandpass character-~
istics such as cuton and cutoff slopes, tolerances on location of

the 50% transmission wavelength, ete., are given in Section 3.8.2.

3.8 Spectral Definition

3.8.1 Spectral Definition of Solar Channels

In orxder to determine the AVHRR system spectral response in
Channels 1 and 2, it is necessary to determine the effects of those

elements having a varying spectral characteristic. These elements

are:
a. Mirror Coatings
b. Gold Beamsplitter
C. Lens AR Coatings
d. Silicon Detectors
e. Spectral Bandpass Filters

Since the relative spectral response of the above elements affects the
system spectral response in the given bands, and since their absolute
response affects the signal to noise ratio, both requirements (spectral

and sensitivity) must be considered together. The spectral

3~25



cha:acferiétics of the above five groups will be discussed individually
below, foll%zed by their combined effects.

3.8.1.1 Mirkor Coatings

A complete study of the wvarious potential mirror coatings was
done in the pSeliminary design of the AVHRR. It was decided that to
achieve maximum\sensitivity in Channel 2 (where overcoated aluminum
mirrors have a dip in their reflectivity) silver mirrors would be used
for the telescope mirrors. For polarization compéﬁsation, however,

the scan mirror and the foiding mirror behind the solar channel beam-
splitter were aluminized. The silver coating chosen was the Muffelleto
Optics "low pit" coating which was supposed to survive the reguired
humidity and temperature extremes.

In the process of building the Breadboard and Engineering Model
telescopes, no silver coating was found (at reasonable cost) which
passed the humidity test. In all cases the mirrors degraded extensively
when .placed in the humidity test.: Thérefore, the decision was made to
use aluminum mirrors which have a reflectivity egqual to or greater than
that shown in Pigures 3.8-1 and 3.8-2. The coating after which the
reflectivity curves were fashioned is the Evaporated Metal Films Corp.
"enhanced aluminum® coating.

3.8.1.2 Gold Beamsplitter

The dichroic to split Channels 1 and 2 from Channels 3 and 4
is the thin gold film type at 45° to the iacident beam with the near
IR and visible energy being transmitted. Figure 3.8-3 shows the
measured solar channel reflectivity of the gold dichroic used in the

PTM,
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3.8.1.3 Lens AR Coatings

The anti-reflection coatings on the three relay optic lenses
used in each channel do not materially affect the relative spectral
response of the solar channels. A MgFl2 type single layer coating is
used and the total lens transmission will change from about 97% near
the band center to 95% near the edges. Even for three lenses, the
effect is insignificant.

3.8.1.4 Silicon Detectors

Because of the wide spectral bands covered by Channels 1 and 2,
the detector in each is an important factor in defiring the band edges.
Quotes were solicited from six different companies, and all were
requested to define the spectral characteristics of their proposed
device. Selection of the vendor was based on both the relative spectral
response and the absolute sensitivity. The definition of the Channel 1
spectral band edges is complicated by the fact that the silicon detector
relative response is down to about 30% at 0.50 micron. This means that
above some relative transmission value (about 40%) the spectral bandpass
filter does not define the system response. The response is basically
defined by the detectors and the other spectrally variant elements.

This effect could have been reduced by cutting the detector peak
spectral respcnse and lowering the system signal-to-noise ratio; however,
it was decided that the slow cuton of the system spectral response is
more acceptable than a reduced signal-to-noise ratio.

As stated previously, one detector design is used for both
solar channels. This approach provides excellent sensitivity in both
channels and simplifies (and so reduces the cost cof) the detector.

The measured spectral response of one of the detectors is shown in

Figure 3.8-4.
3-30
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3. 81.5 Spectral Bandpass Filters

The spectral filters were purchased from Fish-Schurman Corp.
and have the responses shown in Figures 3.8-5 through 3.8~7. The
Channel 1 filt;r consists of a two piece laminated sandwich with one
picce being a 3 mm thick Schott glass filter and the other being a
2 mm thick clear substrate upon which a multilayer coating is applied. _
The multilayer is placed inside the sandwich and is sealed by the
epoxy sealant from ambient conditions. The problém of spectral variz-
tions as a function of absorbed water is eliminated. This approach
was used in the ATS-F VHRR solar channel filter, The epoxy sealant is
Summers Laboratory C-59 which meets MIL-3920 and has measured outgassing
characteristics of 2.94% weight loss and 0.108% condensible materials.
(This information was supplied to ITT by NaSA/GSFC.) This is the same
sealant used to seal and focus lenses in each solar channel of the AVHRR.

The filter generates its spectral bandpass using a Schott glass
filter for the short wave cut—-on and a multilayer coating for the long
wave cut off. Thé'sloPes of the filters are all about 6% between the
5% and 80% response points. Short wave out-of-band blocking is defined
by the Schott glass and is complete. ILong wave out of band blocking is
defined by the multilayer and, while not as good as the Schott glass,
results in an out of band signal well below that specified as discussed
later (the detector has cut off by the time the filter transmission
comes back up).

In Channel 2 the spectral filter is simply a 3 mm thick Schott
glass RG~715 long pass filter. The long wave cutoff of Channel 2 is

defined by the silicon detector.
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3.8.1.6 System Spectral Response

Figures 3.8-8 and 3.8-9% show the measured PTM AVHRR Spectral

responses for Channels 1 and 2.

3.8.1.7 Out-of-Band Signal

Since the bandpass filters have transmission outside of the
bands of interest, some of the output signal resui£s from radiation
out of the spectral band. The specification requires that the total
out of band responses shall be less than 2% of the total integrated
response within the passband when viewling a source simulating the
solar spectral energy distribution. The Channel 1 passband is defined
in the specification as extending from 0.06 micron below the lower 50%
response point to 0.04 micron above the higher 50% response point.

For Channel 1 then the passbhand is 0.47 to 0.935 micron. In Channel 2
the passband is from 0.65 micron to the detector response cut off.
Since the detector response is about 0.3% at 1.30 microns, this will
be taken as the cutoff point for purposes of this analysis.

Using the solar spectral distribution curves generated by
Thekaekara and the system response curves we can caluclate the amount
of signal both in and out of the two spectral bands. In Channel 1,
Table 3.8-1 shows that the in-band signal is 3422 while the out of band
is 21. Since the in~band transmission of the spectral filter is about
80%, we must reduce the in-band level to 2740. We have then a maximum

out of band signal of 21 = 0.8%.
(.80) (3422)
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TABLE 3.8~1 IN BAND AND OUT OF BAND SIGNAL FOR CHANNEL 1

SPECTRAL cH 1

INTERVAL SYSTEM SOLAR SUMMATION
MICRON RESPONSE ENERGY OF FACTORS
<0.20 0 0.05

0.20 - 0.47 0.1*% 18.2 1.8
0.47 - 0.49 0.5 3.00 1.5
0.49 - 0.50 10 1.44 14.4
0.50 - 0,51 27 1.42 38.3
0.51 - 0.70 75 22.9 17.7
0.70 - 0.89 °7 15.8 1534
0.89 = 0.92 56 1.97 110
0.92 - 0.93 13 0.64 8.3
0.93 - 0.95 6 1.89 11.3
0.95 - 1.00 1.8 2.94 5.3
1.00 - 1.10 0.55 4.95 2.7
1.10 - 1.20 0.06 3.97 .24
>1.20 0

*Maximum specified allcwable transmission.

Actual filters are less.

TABLE 3.8-2 1IN BAND AND OUT OF BAND SIGNAL FOR CHANNEL 2

SPECTRAL CH 2

INTERVAL SYSTEM SOLAR SUMMATION
MICRON RESPONSE ENERGY OF FACTORS
<0.65 0.1* 41.6 4.2
0.65 - 0.68 0.1 3.3 0.3
0.68 - 0.69 0.5 1.04 Dl
0.69 - 0.70 5.0 1.02 S.1
0.70 - 0.72 45 1.99 89.6
0.72 - 1.00 90 2062 1856
1.00 - 1.05 72 261 188
1,05 - 1,20 25 6.30 157
1,20 - 1.30 1.0 3.25 3.2
1.30 - 1.40 .16 2.68 .43
>1.40 0 15.7 0

*.1% is maximum specified allowable transmission of
Actual filter much less than this.

filter.
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Similarly in Channel 2, the in-band signal from Table 3.8-2
is 80% of 2300 while the out of band is 4.6. The ratio of out of

band to in-band signal is 4.6 = 0.25%.
(.80) (23007

Measurements on both the ETM and PTM verify that the out-of-
band response is well below the 2% maximum allowed in both channels.

3.8.2 Spectral Definition of Thermal Channels

The spectral characteristics of the bandpass filters for
Channels 3 and 4 are summaxized in Table 3.8~3. The filters are the
dominant element in defining the spectral response of the AVHRR
instrument. The response of the indium antimonide detector varies
smoothly from 3.5 to 4.0 um, being about 5% less at the shorter wave-
length side of the band. The Hg Cd Te detector procurement specifi-
cation contains a requirement that the response at any wavelength
between 10.5 and 11.5 um be no less than 80% of the maximum in-band
response. Therefore, the detectors should not appreciably affect the
system response, The complete prbcurement specifications for the
bandpass filters are contained in ITT-A/OD Specifications 8008790
(Channel 4) and 8008792 {Channel 3)}.

The germanium lenses have some effect on the response of
Channel 3 due to their increased absorption toward longer wavelengths,
This effect causes the Channel 3 response to be somewhat skewed to
shorter wavelengths in the band. PFigures 3.8-10 and 3.8-11 show the

measured PTM channels 3 and 4 spectral response.

The out-of-band response for bcth channels was analyzed by
graphing the product of the detector response and the 300 Kelvin emis-
sion as a function of wavelength. The area under the curves was then
measured with a planimeter and the in-band value multiplied by the

3-40



PILTER CHARACTERISTICS

CHARACTERISTIC CHANNEL 3 CHANNEL 4
50%=0f-Peak Cuton Wavelength 10.5£0.0%um 3.55%.,06um
50%-of~-Peak Cutoff Wavelength 11.7£0.0%um 3.93%.06um
Cuton and Cutoff Slopes < 3% < 3%
Response at 10.0 and 12.0um < 1% N.A.
Response at 3.40 and 4.12um N.A. 2 < 1%
Transmission less than 0.1% From 1.8 to FProm 1.8 to
9,8um and 3.2um and from
from 12.2 to 4.3 to 7.0um
18.0um
In-Band Transmission > 75% Avg. > 75% Avg.

3-41
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expected in-band transmission (80% average) and the out-of-band value
by 0.1%. The ratios of out-of-band response to in-band response were
1.6% for Channel 4 and 0.74% for Channel 3.

Measurements on the ETM and PTM verify that the response in
both channels is below the 2% maximum allowed,

3.9 Channel Registration

The approach used to register the AVHRR channels consists of
first registering the two thermal channels at a subassembly level.
The patch, with both detectors mounted, is placed in a test vacuum
dewar and illuminated through the relay optics, by a collimated beam.
The collimator is a germanium lens which has a slit target and chopped
radiation source. The slit is moved while the outputs of the two
channels are recorded. The difference between the 50% response points
is the misregistration. This is repeated with a slit rotated 90° so
that the distance that each detector must move is measured. The patch
is then removed from the dewar, the adjustment made, and the patch
retested to verify alignment.
The following procedure is used for channel registration.
a. Determine the physical location of the focal
points for Channels 3 and 4 with reference
to the optics subassembly during optics ac-
ceptance tests.
b. Place the subassembly into the AVHRR and mount
the cooler to place the detectors in their proper

position.
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C. With the solar channels centered in their EFOV,
determine the misregistration between all the
channels, If the error is more than can be
corrected by moving the solar channels, reposi-
tion the cooler to place the IR detectors in the
correct location.

d. Remeasure the misregistration and move the solar
channel detectors to complete the reéistration

procedure.

Step c. essentially eliminates the tolerance buildup problem
in the ' instrument by actually measuring the positions and correcting
accordingly. If the initial placement of the cooler is sufficiently
close to place the IR detectors within the solar channel EFOV, then
no cooler repositioning will be required.

The procedure has been used to register both the ETM and PTM

instruments well within the specified value.

3.10 Polarization Sensitivity

An analysis was made of the polarization sensitivity of
Channels 1 and 2 with the object of meeting the reguirements of the

GSFC Specification.

P = 1”72 <.053

This equation holds at nadir (or at 90° from nadir) as a
result of the orientation of the optical elemente that contribute to
the polarization. (On the Flight Model instruments, the maximum allowed
polarization sensitivity is .07.) The transmittances obtained for the
parallel and perpendicular polarizations are the extremes for any

linearly polarized wave that travels through the optical train.
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The theoretical and measured peolarizations of the elements
are given in the tables contained in the DIR's. The channel transmit-
tances were calculated by giving a weight of 1/2 to the spectral end
points (i.e., originally 0.5 and 0.9 um in Channel 1 and 0.75 and
1.00 ym in Channel 2; revised to 0.55 to 0.9 um in Channel 1 and 0.725
and 1.1 ym (silicon detector cutoff) in Channel 2).

The enalysis performed during the design phase of the AVHRR
program considered several options including the aﬁgular position of
the dichroics and beamsplitters, the addition of reflecting surfaces
for compensation, and the types of coatings on reflective surfaces.

The complete analysis is detailed in AVHRR D.I.R. #6 and 7.

Several changes have been made to the orginal polarization
sensitivity design of the AVHRR. In particular, the gold dichroic has
been made by OCLI so that the percent polarization of that element is
considerably less than originally thought. The scan mirror coating is
the major compensating element for the polarization of the gold dichroic.
The high reflectivity coating used on the PTM and Flight Models also has
less polarization (because the reflectivity dip around 0.86 microm is
minimal). The combination results in a measured PTM polarization
sensitivity as listed in Table 3,10~-1. The Polarization sensitivity as
a function of scan mirror position was measured on the PTM as a matter
of interest. As can be seen the instrument performs quite well and it
can be expected that the Flight Model units will be well within the 0.07

allowed.
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MEASURED PTM AVHRR POLARIZATION

SCAN MIRROR
POSITION

50° (Sunside)
25O {Sunside
Nadix

o]

257 (Antisunside)

50° (Antisunside)

SENSITIVITY

CHANNEL 1
P.S.

.032
.039
.037
.038

.030

CHANNEL 2
P.SQ

047
.049
.053
047
. 049



3.11 Scattered Sunlight

We have studied the following effects of direct sunlight:

[=2

C.

The temperature gradient it produces across the
honeycomb of the in-flight target.

Its reflection from the in-flight target and the
resultant calibration errors.

Scattering and the resultant signal contamination.

Because the above occurs only during the nighttime portion of the

orbit, we need tc consider only Channel 3 (10.5 to 11.5 um) and

Channel 4 (3.55 to 3.93 um).

From our studies to date, we conclude ‘:hat:

a.

The honeycomb gradient is not sensibly changed

from its walue in the 8506 n mi orbit.

Under the worst conditions, reflection of sunlight
from the in-flight target introduces a significant
error (0.65K) in Channel 4. As a result, it may be
desirable to restrict the Channel 4 calibration
period, e.g., to the portions of the orbit when the
target is shaded by the earth, spacecraft, instruments,
or sunshields (if added). The corresponding erroxr in

Channel 3 is negligible (0.002K).

The temperature errors quoted in b are for the preliminary TIROS-N

instrument/spacecraft layout shown in NASA/GSFC Drawing GDSK-4799.

Two separate instrument orientations are of interest, for scattering

from the telescope and from the scan mirror.
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3.11.1 Honeycomb Temperature Gradient

This problem was analyzed in DIR #18 (Worst Case Honeycomb
Temperature Gradient in the In-Flight Thermal Calibration Target,
May 9, 1974; included in Section 7.1). The analysis was revised
for the new altitude of 450 n mi and the new range of sun angle B

(memo of May 2, 1974). The results are:

For 8 < 27.83%°, min. 8 = 62.17° at g = 27.83°
For g > 27.83°, min. 8 = 62.17°
= o
(T, ~ Ty)y 2.513
= O
(T, = T,), 0.639°%

Effective cell gradient = ('l‘O - Tg) = 0.95%

Effective calibration gradient = 0.079 (T - T,) = 0.075%%.

2
The effective calibration gradient is not sensibly changed from its

previous value of 0.077%.

3.11.2 Sunlight Reflections from In-Flight Target

Sunlight reflected from the in-flight target introduces a
calibration erxror in addition to those errors we have previously
considered. The error is negligible in Channel 3, but can be
significant in Channel 4.

The solar exitance reflected from the target is given by

M=EpAs
R v
2y
where B = direct solar incidence (irradiance) in the wave-

7]

length band and perpendicular to the sun's rays.

) = diffuse hemispherical reflectivity of the in-flight
target
As = exposed target area projected perpendicular to the

sun's rays

Ay = effective target area viewed by radiometer
= 7 (8)% /4 in?,



-~

The values of solar incidence were calculated from the table given

by Thekaekara (Optical Spectra, March 1972, p. 32); the results are

1.71 x 1075 wem™2

Channel 3 (10.5 - 11.5 um), Es
Channel 4 (3.55 ~ 3.93 um), E_ = 2.52 x 107* Wem™2

The reflectiwvity p can be calculated from the limiting formula
of Treuenfels (J. Opt. Soc. Am. 53, 1162, 1963) or by interpolation
from the graph of Sparrow and Cess (Radiation Heat Transfer, Brooks/
Cole, 1966 p. 1l65). In either case, an assumed paint emissivity of
0.92 (3M 401 black) results in a hemispherical cavity emissivity of
0.980 and a reflectivity of 0.020. As shown in the graph of Sparrow
and Cess, the limiting emissivity of a cylindrical cavity is xreached
at a length to radius ratio of about 2:1 when the paint emissivity
exceeds 0.7, The length to radius ratio of a honeycomb cavity is 8:1.
The ratioc of flat to total target area is 0.045, so that the hemis-
pherical reflectivity is 0.0227. It would be desirable to have
spectral emissivity (or reflectivity) data on the 3M 401 in the bands
of interest. However, data could only be found for 3M 101 and;
therefore, an average 401 value of approximately 0.92 was used.

The exposed area As normal to the sun's rays was determined
from scan cavity projections supplied by J. D. Crawford. The worst
case situation is shown in Figure 3.11-1, It occurs at a B angle of
27.830, when the spacecraft leaves the earth's shadow, and an orbital
position 15° north of the plane of the ecliptic in the night-time part
of the orbit. The value of A is 10.9 sguare inches when shading from
the anticipated spacecraft is included. We then have (in the absence

of any sun shield)

M (Ch., 3} 8.43 x 107°% wem ?

1.24 x 10”°% wem™2

M (Ch. 4)
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Projection of scan cavity psppendicular
to sun's rays at Bs = 27.837 and Qs =
165°. The scan mirror is shown viewing
the in-flight target.

Figure 3.11-1
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The comparative effect of the reflected sunlight is shown in Figure
3.11-2., In Channel 3, the sunlight produces an exitance level that
is more than 4 orders of magnitude below that of the 295K self-emission.
On the other hand, the reflected sunlight in Channel 4 is only about an
ordar of magnitude below the self-emission.

The calibration error introduced by reflected sunlight may be
expressed as an effective temperature increase; it is given by

8T = Ms

S aM/aT
where dM/dT is the rate of change of in-band blackbody exitance at the

nominal target temperature of 295K (2290). For the bands of interest,

we have
dum _ -5 R _
T {Ch, 3) = 4.263 x 10 Woem K at T = 295K
dd (Ch, 4) = 1.905 x 10™° Wem™ K™ at T = 295K

vt b—

dr

'The calibration errors for the worst case are then

0.002%

GTS {Ch. 3)
§T, (Ch. 4) = 0.65%

3.11.3 Signal Contamination

With the AVHRR mounted as shown in Figure 2 of GSFC Specifica-
tion S~731~P~118 (Rev. C), there is a large effective sunshield (i.e.,
the spacecraft itself) that limits direct solar exposure of the instru-
ment to the night-time portion of the orbit. During this time, of
course, Channels 1 and 2 are not used. As a result, we need to consider
the effect of scattered sunlight only in Channels 3 and 4. In common
with the reflections from the in-flight target, the larger effect is in

Channel 4.
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We may define the required attenuation coefficient foxr
scattered sunlight as the normal solar incidence {(irradiance) out-
side the earth's atmosphere divided by one-third of the minimum
radiant signal,

a = ES

{1/3) (NER)AQ

where NER = noise equivalent radiance = 1.6 x 10~°¢
Wem % ster™® (ch. 3), 8.0 x 1078
Wem~2 ster~! (Ch. 4)
AQ = throughput of optics = 5.43 x 10™" cm? ster.

The NER values were supplied by R. J. Koczor for the nominal spectral
bands and a 0,12K NETD. We therefore require |

a(Ch. 3) = 5.87 x 10" em 2 = 3.79 x 10° in~?

a(Ch. 4) = 1.74 x 107 em™2 = 1,12 x 10® in~2

Attenuation cbefficients for scattered suniight were measured
as part of an earlier study on the HRIR (Final Technical Report, Solar
Sun Shidld Study for the HRIR on TIROS~M Satellite, Feb. 6, 1967,
ITT-A/OD Report No. 14-16400). The HRIR had a 3.7 um band channel and
was to operate in a 750 to 900 n mi sun-synchronous orbit over a sun
angle range from 37.5° to 50°, The instrument had a modest external
shield and simple internal baffles with a Cassegrain telescope and a
reflective secondary optic. With the scan mirror looking 45° from

~2 and

nadir on the sun side, attenuation coefficients of 0.6 x 10% in
higher were measured, the value depending on the sun angle and orbital
position,

3.11.4 Sun Scatter Test Results

The BBM AVERR was tested to determine the level of scattered

light getting into Channels 1, 2 and 4, The tests for Channels 1 and

2 were run together while that for Channel 4 required a modif'ed set up.
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3.11.4.1 Channel 1 & 2 Test Setup

The BBM was placed on a 2~axis rotary table which rotated
the instrument about its pitch and yaw axes. A 9 inch aperture
Astrola telescope was used to illuminate the scan cavity. A 24 Hz
chopper and a tungsten iodide lamp (with a Lucaleox diffuser) were
used as the radiation source at the Astrola focal plane.

Signals were taken out of the Channels 1 and 2 preazmplifiers
(to reduce system noise) and fed to an electrical‘ﬁandpass filter
(20 to 31 Hz) then to a Ballantine True RMS voltmeter. The BBM was
operated from the P.T.E.

3.11.4.2 Test Procedure

As discussed in Sectoon 3.1l1l.3 the procedure is to calculate
an attenuation factor for the scattered light at various angles of
irradiance. The detectors in the BBM were used for the test. They
were removed from the unit (mechanically not electrically) and
illuminated directly by the chopped collimator signal, thru the
appropriate spectral filter. They were then placed back in the unit
in their proper location to measure any scattered signal.

| The collimator is used to irradiate the scan cavity at sun
angles § of 0° to 67° and orbit angles pg of 280° to 230°. Initial
readings were taken with the scan mirror positioned at nadir and 1£45°
from nadir; however, no change was observed and so further testing was
done with a nadir-looking scan mirror only.

3.11.4.3 Test Results Channel 1 & 2

The data obtained in this phase of the test is given in
Table 3.11-1. The data is given as a function of sun angle then
orbit angle., The irradiance level signal measured at the scan cavity

was 6.40 volts in Channel 2 and 4.00 volts in Channel 1. As can be
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Measured Irradiance Onto Scan Cavity

Channel 1 4.0 volts
Charnel 2 6.4 volts

SUN ORBIT CHANNEL 1 SIGNAL 5 CHANNEL 2 SIGNAL =
ANGLE ANGLE .58 mv NADIR -45 +45 NADIR -45
67° 280o .58 mv .58 mv .60 mv 53 mv .55 mv «53 mv
270 .56 .58 .61 .52 .53 .54
260 .62 .63 .62 .51 53 .53
250 .60 .60 .63 .52 .53 .55
240 .63 .60 .62 .54 .52 .57
230 .66 .63 .66 .56 .57 .58
58° 280 .65 .60 .60 .55 .50 .52
270 .65 .65 .65 .50 .50 .50
260 .58 .60 .60 .53 .46 .53
250 .56 .57 .57 .45 . .48 .52
240 .58 .62 .57 .51 ° .50 .50
230 .57 .57 .58 .55 .53 .53
50° 280 .62 .56 .60 .52 .54 .62
270 .60 .61 .59 .54 .53 .52
260 .60 .60 .58 .52 .51 .51
250 .65 .63 .62 .54 .50 .53
240 .65 .62 .64 .55 .54 .54
230 .64 .67 .65 .63 .62 .64
1* 280 .62 .55
270 .58 .52
260 .58 .52
250 .60 .56
240 .62 .60
230 .63 ; .60
29° 280° .55 mv .58 mv
270 .56 .59
260 .62 .58
250 .65 .58
240 .63 .61
230 .63 .60
18° 280 .58 .55
270 .60 .57
260 .63 .57
250 .60 .60
240 .60 .60
230 .56 .56
9° 280 .63 .56
270 .61 .57
260 .61 .59
250 .62 .61
240 .60 .60

230 .61 _ .62

TABLE 3.11l-1
CHANNELS 1 & 2 SCATTERED SIGNAL AND NOISE LEVEL 3=56
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seen in Table 3.11-1, the measured signal and noise level Channel

1l was on the order of 0.65 m volts. This is a ratio of

2090 = 6150:1
Similarly in Channel 2 the ratio is

6400 = 11000:1
<58

There was no evidence of a measurable scattered light signal
in either channel at any of the measurement points. This was verified
by blocking off the source. The numbers given in the Table are only
the noise in the test setup.

Using the formula given earlier, we have

a = ES

Es/w x .005 x 1/3 X QA

In the above case the coefficient gives the attenuation required for the
scatter to be equal to the specified noise equivalent albedo (1/3 of 1/2%)
Using the coefficient we can calculate the required ratio of Sl (colli-

mator irradiance) to Sz(scatter signal measured in system) as

Sl/Sz =A. XA

Where Ad is the test detector area. In our case AVHRR thruput is 5.43 x

107* cm? ster (including secondary obscuration) so that

a=2.24 x 107 in™?
The test detector has a 0.010" square aperture so that the ratio that
would be measured in the test set up if the scattered signal were
equivalent to the specified Noise Equivalent Albedo is

- 2 7 = .
Sl/Sz = (.01)% x 2.24 x 10’ = 2240:1

3=57



In both channels our test ratio was at least 3x better than this.
Therefore, we conclude that if there is any scattered signal in
the orbits and at the angles measured (which are the computer-
projected "worst cases"), they are at least three times less than
the Noise Equivalent Albedo specified.

3.11.4.4 Channel 4 Test Set Up

The BBM AVHRR was in place on the two axis table with the
collimator in position as for Ch 1 and 2. However, an .027" square
active area InSb detector was placed at the focus of the IR Relay
lenses. A Channel 4 filter is set in place in front of the detector
so that only the spectral band of interest is viewed. This detector-
filter combination is placed at the scan cavity for incidence
measurement as above. The radiance source is a 900°C blackbody source
chopped as before at 24 Hz.

The scan mirror was checked at several angles on various sun
positions, but no measurable effect was observed. All recorded data
is for the scan mirror at nadir.

The procedure was basically identical to that previously
described; however, since Channel 4 can be used at night, the orbital
angles which were checked were extended to a range of 230° to 310°.

Table 3.11-2 gives the measured results.

3.11.4.5 Test Results Channel 4

The maximum measured scattered signal plus noise was 85 micro-
volts. With an incidence signal of .636 volts, we have a ratio of

636000

3% = 7480:1
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ORBIT

ANgLE SUN ANGLE Bs
7° 18 29 38°  48°  54°  67°

230° 20 20 15 15 20 15 25
240 20 20 15 15 25 20 30
250 20 15 15 15 15 30 25
260 15 25 20 20 25 20 . - 30
270 25 30 20 25 45 50 85
280 15 25 25 20 25 35 30
290 20 20 30 15 20 20 15
300 20 15 15 15 30 25 25
310 25 15 15 30 20 25 20

Readings are in microvolts

MEASUR®ED IRRADIANCE ONTO SCAN CAVITY IS

1l NER = 24 microvolts

CHANNEL 4 SCATTERED SIGNAL PLUS NOISE LEVELS

TABLE 3.11i-2

.636 volt rms

3=59
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The required attenuation coefficient for Channel 4 has been
calculated to be 1.12 x 10® in™ for a scattered signal equal to 1/3

NER. The ratio S for this channel is

1/S2
s = (1.12 x 10%) (.027 in)%? = 81650
where .027" is the InSb detector width. This means that the maximum

scattered signal found is equivalent to

_81650
3 x 7480

= 3.6 NER

SUMMARY

Measurements in the solar channels indicate that no measurable
scattering exists in these channels at solar incidence angles which
computer projections indicate are worst case conditions. In Channel 4,
the measured scattered signal is less than two NER's for orbits with sun
angles below about 48° and at all orbit angles except 270°. The maximum
measured any where is 3.6 NER's.

It is apparent that no suﬁ shield is required for the solar
channels. Further because of the low level and limited extent of the
scattered signal in Channel 4, it is probable that no sun shield is
required in that channel. Further, assuming a reasonably sized shield
attached to the AVHRR, it is not possible to eliminate the scattered
signal completely since the irradiance is reaching the telescope through
the shield area which would be cut out to allow an eartn view at the

maximum scan angle.

3=-60



4.0 MECHANICAL DESCRIPTION

4.1 Overall Instrument Configuration

The AVHRR instrument design provides for a basically
modular configuration. An exploded view of the instrument which
depicts the various modules is shown in Figure 4.1-1l. The basic
modules are:

1. Base plate with related cover plates

2. Scanner 3

3 Optics

4, Radiant Cooler

9 Electronics
An outline drawing of the assembled instrument is shown in ITT
Drawing No. 8008778 which is reprqduced in Figure 4.1-2.

4.1.1 Structure

The baseplate can be seen in Figure 4.1-1, Provision is
-made for locating the scanner and optics on the base plate by means
of dowel pins. The radiant cooler is positioned by means of shims
in order to align the Channel 3 and 4 detectors to the optical axis.
The electronics package attaches to the side of the instrument by

means of machine screws and dowel pins for rigidity.

The structural integrity of the instrument was proven
during the extensive vibration testing given both the Mechanical
Structural Model and the Engineering Model. The Engineering Model
successfully passed vibration tests per ITT Procedure No. 8120266

and accceleration tests per ITT No. 8120267 with the exception of
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Modules

Figure 4.1-1 AVHRR
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channel registration. The required registration-stability was
achieved on the PFM after improved methods of,seéhrfng certain
optical elements were incorporated into the design and pinning

and staking procedures were improved,

In ordsr to prove the structural integrity of the radiant
cooler prior to wvibration,a computer analysis of the configuration
was conducted by Computer Sciences Corp. and Bﬁéler Analyses, Inc.,
under NASA Contract NAS 5-24012 Mod. 10. Copies of the Final

Report of this analysis were reviewed and are on file.

4,1,2 Materials in Structure

_ The primary structural material is 6061-T6 Aluminum tooling
plate (Alcoa Type 200). The scanner housing is fabricated from
HP-20 grade Beryllium or equivalent. In some low stress areas
structural parts are fabricated from AZ31B magnesium.

The magnesium surfaces are finished with DOW-7, and the
aluminum is finisied with Alodine 600. Where thermal control is
required, the surfaces are painted.

Beryllium is electroless nickle plated.

4.2 Scanner Subassembly

An assembly d:i-is#ing of the scanner is shown in ITT Drawing
No. 8009201 which is reproduced in Figure 4.2-1.
4.2.1 Scan Mctor

The 80 pole hysteresis synchronous scan motor was procured

frcm Schaeffer Magnetics, Inc., Chatsworth, California. The motor

is described in ITT Specification No. 8007929. Typical performance test

curves for the scanner motors are shown in Figures 4.2-2 through

4,2-5,
4-4
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4.2.2 Bearings

The motor shaft bearings are a set of DB duplex bearings
separated by 2 inch spacers. The bearings are specified in ITT
Drawing #8007937. Each bearing has a static radial non-brinell
load capacity of €02 1lb. and a dynamic radial load capacity of

125 1b. for 17,500 hours of operation at 360 rpm.

An unusual feature of this beéring is the square ball
pockets in the retainer. It was determined during the SCMR program
that the shape of retainer ball pocket is a major factor influencing
jitter. Square ball pocket bearings exhibited less jitter than
round pockets. Based upon that, the AVHRR bearings were procured
with square ball pockets.

Tests have shown that bearings with improved surface finish
on the races (achieved both by diamond honing by the manufacturer
and running in at ITT) can perform within specification when
lubricated with the proper amount of lubricant. Tests have also
shown that performance is appreciably degraded when too much lubri-

caat is used.

4.2.3 Bearing Fits

Table 4.2-1 shows the shaft and housing fits for the

AVHRR.

4,2.3.1 Thermal Consideration of Bearing Fit

Bearing, shaft and housing materials and coefficients of
thermal expansion are noted in Table 4.2-2. The deviation from
nominal bearing fit over the temperature range, 0 to +40°C, is

considered negligible.



e

TABLE 4.2-1

SHAFT, BEARING, AND HOUSING DIMENSIONS
ID QD
Bearing Shaft Bearing Housing
1.0623 1.0622 1.5000 1.5000
1.0625 1.0820 1.4998 1.5002
SHAFT, BEARING AND HOUSING FITS
ID QD
Loose Loose Tight Loose
0.0001 0.0005 0.0000C 0.0004

4-11
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Item

Bearing
Shaft

Housing

TABLE 4.2-2

THERMAL EXPANSION CHARACTERISTICS

OF BEARINGS

Coefficient of

Material Thermal Exp iosion
440 C Ss 5.6(10)"¢ /°F
Inconel X750 6.96(10)" % /°F
Beryllium 6.4(10)"°% /°F

With 211 parts measuring nominal dimensions at
20°C, the total changes in fit at +20°C from

nominal will be:

Change in Bearing to Housing Fit =-4.32(10)"% IN +4.32(10)"% IN

Change in Bearing to Shaft Fit -6.13(10)"% IN +6.13(10)"5 IN



4,.2.4 Lubrication

The bzarings of the scanner are lubricated with Krytox
143aB. This lubricant was selected after evaluating a number of
’lubricants and upon the recommendation of GSFC.

A summary of the pertinent characteristics of KRYTOX

1l43AB is shown in the following:

Weight loss % - 30 days at 50°C &10~° mm Hg .023%
Lubricity - cycles - AlE1550 Block

150 1b. @ 100 RPM 10% + cycles
Viscosity 32F 140 Cs
Viscosity 77F ' 49 Cs
Viscosity 100F 36 CS
Radiation Resistance - min. safe dosage' 10°® rads

The amcunt of lubricant in each bearing is critical for

achieving proper scanner performance. Nominally, 7 +1 mg of KRYTOX
w=f)

143AB is used in each bearing. To achieve this level, ITT
Procedure No. 8008007 is followed for cleaning and lubricating
each bearing.

4.2.5 Jitter

The current jitter spec calls for:

"scan line to scan line jitter as measured on the
leading edge of the synchronization pulse shall
be less than 1/2 of an IFOV for 98% of the data
points when data is taken every scan line for a

20 minute period.

4-13



"The jitter of the synchronization pulse between any
two scan lines within a 20 minute period shall be

within an IFOV (34 microseconds)."

Jitter characteristics of Engineering Model, Life Test
Model and Protoflight Model instruments were all within this spec

as noted below:

Vertical Line/Line’ Line/Line

Jitter Jitter Jitter
TP 8121091 TP 8120888 TP 8121133
ETM 99.9% - -
LTM - 99.9% -
PFM - - 99.8%

4,2.6 © Life Test

A nominal one year life test was run at ITT on the Life
Test Model Scanner. The motor survived the lifé test as indicated
by its end-of-test performance.characteristics. As of this writing,
a complete teardown of the LTM had not yet been accomplished.

LTM performance characteristics are noted below.

Start-of-Test End-of-Test
Coast Down 1.21 min. * 2,25 min.
Jitter-Line/Line 78.7% (within 8usec) 99.9% (within 8 &
léusec)
Torgue 3.3 in oz at Drop Out 4.0 in oz at Drop Out

4,2.7 Angular Momentum

Angular momentum of the ETM scanner is calculated to be
35.8 in. oz sec based upon a measured moment of inertia of .9502
in. oz sec?. Momentum vector direction is along y axis.
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Moment of inertia was measured with a Model XR50 moment
of inertia tester manufactured by Space Electronics, Inc.

4.2.8 Venting of the Scanner Housing

Because of the limited torque margin of the scanner motor,
shaft seals are not used. A close clearance labrinth cap does
cover the shaft clearance through the housing for the purpose of
limiting the outgassing toward the scan mirror and optics. Details
of the cap are shown in Figure 4.2-8.

A wvent hole is included in the motor housing to allow an
escape path for air during decompression to preclude large volumes
of air from rushing through the bearings and causing contamination.
Some concern has been expressed because open vent holes could ailow
lubricant vapor to escape after the instrument is in orbit. While
this does not appear to be a problem when Krytox is used provision
has been made for a fitting to be attached to the vent hole as
requested by NASA/GSFC.

4.3 Radiant Cooler Subassembly

An exploded view of the radiant cooler is shown in Figure
4.3"1.

4.3.1 Support Body

The radiator is supported by nine support rods fabricated
of glass epoxy composite tubing (Gl0 Synthane) and stainless steel
inserts, or end caps:
2 pcs .25" O0.D. x .19" I.D. x 1.31" total length or .98" thermal length
2 pcs .25" O.D. x .19" I.D. x 0.82" total length or .52" thermal length

5 pecs .38" 0.D. x .28" I.D. x 3.40" total length or 3.15" thermal length
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Exploded View Radiant Cooler
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The patch is supported by four rods of the same
materials as above:

.19" 0.D. x .16" I.D., x 3.06" total length or 2.70" thermal length
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4.3.2 Detector Location

The detectors for Channels 3 and 4 are located on the
patch. A layout of the detectors on the patch is shown in

Figure 4.3-2.

4.3.3 Deployable Earth Shield

The radiant cooler Earth shield is a “one-shot"ldevice
which will be deployed by torsion springs located at the hinge
pins. A mechanical latch holds the shield in £ﬁe closed (un-
deployed) position. Two rotary solenoids are utilized to release
the latch; Fach is independent of the other and each capable of
unlatching the shield.

Switches located at both the open and closed positions
will indicate shield position.

A positive mechanical stop which is an integral part of
the radiator will stop the shield in the open position.

Hinges consist of music wire torsion springs rotating in
polyimide bushings. No lubricant is reguired.

The shield can be manually closed withou% the aid of
special tools.

In order to deploy the shield in a lg gravity field for
test, the torsion springs develop 162 in. oz of torque of which 40
in. oz are required to lift the weight of the shield and 2 in. oz
are required to overcome friction in the bearings. With torsion
springs designed to produce 162 in. oz torque, the torgue margin in
orbit is greater than 80:1.

An analysis of the earth shield door motion was made and

reported in DIR #36.
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4,3.4 Materials and Finishes in Cooler

Generally, the major cooler components are fabricated
from 6061 T6 aluminum. Radiator surfaces are electroplated gold
and paiated black with 3M40l. The back of the patch and the
surfaces of the gold box are electroplated gold. The earth shield
is electroless nickle plated and polished optically. Then it is
coated with evaporated aluminum. Aluminized polyester film multi-
layer insulation isused inside the cooler with polyester mesh

separators.

4.4 Optics Subassembly

4.,4.1 Optics Outline

The optics assembly is shown in ITT Drawing No. 8008030 -
Figure 4.4-1,

4,4.2 Materials and Finishes Used in Optics

Generally, 6061 Aluminum is used as the main structural
material., The corrugated tube in the telescope is invar. Graphite
filled polyimide is used as the separator material for lens elements.

4.5 Electronics Package

4.5.1 Electronics Package Layout

The Assembly Drawing Nc. 8009235 of the electronics package
is shown in Figure 4.5-1.

4.5,2 Accessibility

All electronics modules are accessible from the Earth side
of the instrument when it is mounted on the spacecraft with the

exception of Channels 1 and 2 preamps.
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4.5.3 Thermal Considerations

Louvers on the spacecraft platform are used for thermal
control. Heat sinks on each PC board conducts the heat intc the
structure of the electronics package.

4.5.4 Radiation Considerations

Nominally 1/8 inch thick magnesium plates are used for
all external walls of the electronics package. This thickness will
provide adequate radiation shielding.

4,5.5 Materials and Finishes in Electronics

The entire electronics package is fabricated from AZ31B

magnesium with Dow 7 finish.

4.6 Weight Breakdown

A weight breakdown is shown in Table 4.6-1.
4.7 Materials

The Materials List has been issued as ITT Drawing No.

8009466.
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MASS PROFILE

ITEM WETGHT
STRUCTURE 6,200 GMS
SCANNER 4,370 GMS
OPTICS 4,200 GMS
COOLER | 2,575 GMS
=LECTRONICS 9,433 GMS
THERMAL BLANKET | 425 GMS

TOTAL IN GRAMS (GMS) 27,198
EQUIVALENT IN PDS (LBS) 59,96

TABLE 4.6-1
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5.0 ELECTRICAL SYSTEM

The basic function of the AVHRR electronics is to provide
outputs of four data channels in digital form and supporting
telemetry signals. Given inputs of power, a reference clock, and
commands, the AVHRR electronics provides the command storage, power
conversion and regulation, timing and control signal generation,

a signal amplification, and analog-to~digital conversioﬁ necessary
to perform its function.

A simplified block diagram of the AVHRR electronics is shown
in Figure 5-1. This diagram shows the basic functions and inter-
connections of the electronics. '

5.1 Electronic Packaging

The majority of the AVHRR electronics are mounted on printed
circuit boards. The following is a list of the AVHRR koards:
1. Power Converter Assembly in a metal can
consisting of:
a. Power Converter ané Switchirg Regulator
b. Logic Regulators

t 15 Volt Regulators

Command Relay No. 1

Command Relay No. 2
Command Relay No. 3

Scan Count and Deccde Logics

Motor Logics

Auxiliary Scan

¥e) @ ~ [+ wn L w N
Bl

Patch Temperature Control and Telemetry

'—l
o
.

Telemetry Board No. 2
11l. Interface Logics No. 1

12. Interface Logics No. 2 5-1



1~ @anbta

(o) Q
d.._w-....ﬂdﬂ AWV OL
SuaLsITI ke
ANdino S
YR Q Yood AMIEWENAL
=N SONORADEA QaANAWS WO AWEA
IR AL QWO
WALARAMD WOLNAAWEAD
P = a
oL AWnp Tt 20”-“”“”420
HALS\TIY n—”““i’zs Y
st SaoaiS SO (=20 Valar)
waLEAAN0D SRAWLL
a
Andano ANAS s
HRNA ST (9) X s ™oL WNATN Y
ANV Aveed
L=mi=2.1 — _! SHolLImM
QY WIVHL QNN
1 ; ATNANAANL
* |
. sovo0n
e AVNY ASOd 100 350 SNIIL ..Bi?,wwuux o
E 4 OMAe ™ WS o
R )
T ANO WA
T ._42“.; e DONY Snas
ﬁllllllll. reno| ™D . { ™S
| .
AVWYLSOd ANOD WA
=9 W2Avd | ooy eovoo
AN 9.2%.5 .rw.o HOLOW
) YWD
VWIiva
e i i e Bl pn HoONoR WRLMBANOD Np— e ety
RN fend | Vaneraws W VIS NG NHAL
y bidﬂhou gwﬁu Ao P, V..Em:m MOV HOSEARAANS
SRNMEW WD | At NS d%h%w - SH LS kﬂ%ﬂ%ﬂwnlllll




13. IR Post Amplifier

14. Daylight Post Amplifier

15. Multiplexer

l6. Ramp Calibration

17. Blackbody Mux

18. Motor Power Supply

19. Switching Regulator

20. Ch 3 IR Preamplifier

21. Ch 4 IR Preamplifier

22. Daylight Preamplifier

The first 17 cards listed are mounted as plug=-in units in
the electronics assembly.

Items 18 and 19 are mounted in a metal can which is located
between the electronics assembly and the scan motor. These two
cards are hard-wired inside the can. The entire can assembly is
a plug-in unit with two connectors, one to the electronics assembly,
the second to the scan motor.

The Ch 3 IR Preamplifier (Item 20) is mounted in a metal can.
The assembly is mounted outboard of the electronics package.

The Ch 4 IR Preamplifier (Item 21) is located on the cooler
vacuum housing in the proximity of the cooler interface headers.
The preamplifier board is mounted in a metal can.

Two daylight preamplifiers (Item 22) are located within
the optics package with the silicon detectors connected directly
to the PC board. The board is hard-wired within the optics module

and is provided with copper shielding.



!

Break connectors are provided between the electronics
package and the wiring required in the remainder of the instrument
making the electronics package in its entirety a plug-in unit.

The final major assembly of the AVHRR electronics is the
analog-to~digital converter. This unit is located in the electronics
package with short connections to the post amplifiers and output
connectors.

B2 Electrical Design Considerations

The electrical design is to the extent possible based upon
existing designs used on space qualified instruments. Parts
selection criteria include the use of parts on the NASA/GSFC
Preferred Parts List where possible and the use of previously
approved parts where the PPL parts are not suitable. Derating
of parts is in accordance with the requirements of the PPL and
consideration of the special environment of the AVHRR.

5.3 Video Scan Timing

Figure 5-2 shows the timing relationship of the scene as
viewed by the scan mirror and the sync pulse which is the time
reference point. Time intervals of 1 millisecond before and after
the sync pulse have been provided by insertion by the MIRP of
coded pre~cursor signals. The tolerance of the viewing times due
to spacecraft attitude control tolerance are indicated.

The times indicated on this drawing and times and frequencies
listed on all other timing diagrams and schematics are based on
a normal 1 MHz clock. To obtain actual times the numbers must be
multiplied by 1.0016. To obtain actual frequencies multiply
numbers of 0.9984.
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5.4 Power Subsystem

5.4.1 General

The +28V DC input £rom the spacecraft is regulated to
obtain isclation from spacecraft voltage variatinons, converted
to develop a system ground, and re-regulated to obtain noise
rejection and precision.

The schematic for the Power Converter and Switching keg-
ulator Board is shown in Figure 5-3. The schematic for the
Logic Regulator is shown in Figure 5-4. Both boards are assembled
in a conetic can with LC EMI filters on all inputs and outputs
with the exception of the clock signals.

5.4.2 Turn on Transient

Turn orn transients are suppressed by limiting the base
veltage rise time of the input pass transistor Q4 of the PC & SR.
The changing path is through T2 and R17. This circuit limits the
surge current into the input filtering. The input switching
regulators have long time constants on the reference inputs which
slows the build-up of all the circuits beyond that point.

5.4.3 Electronics Switching Regulator

Two input switching regulators are provided using Harris
HA2620 amplifiers as comparators: The circuits are self starting
and drivenby a 62.4 Kh signal for synchronization with the space-
craft clock. A +34V boost voltage derived from the Power Converter
provides the drive voltage for the pass transistor to provide

good saturation for minimum dissipation.



L 7 6 3 4
anr
&8
o :
o F” L n"-n Wk RN
L. VKL Sy 4618
! R 2 idea-4it
D :, 5 L]
1
l. T
— ;'.a'x (= TS
& -
2 A
22 & ot
ok TSA cié
ca 1
| Zary 414 w3y N poq - e 7%
o} 1 r
. & &r
C rel -1 lc
o ¥
oA fox A PP
o s W a
+I8Y O— s Jg’ "y - " > v
— — Jae  Saex i #5
wean = AV —AAA g AR £2 - S ersu RETUNN
iE@Y O 3 heaz e A TRES
o rasy 1~ & Tlwaar e 2] 1-::3 # P
o3 | IurES Rk 5¥ =
g PP 3 :
| M - |
[
34 Ome—g = 4
€3 i | 10
rs [} | -
7, 75¥ e
[ 335 =33 e c* i i
TN Uyw " B o : \ dor E
A | e
] 22 2
cs g | So¥ J
220 mr R | T a [
7 y o ‘a2 g zo7 CWLLS3 oIS 45
BEbs | SO '.:'g’: b > L 22 A f"ﬂ;ﬁ' ) ; ‘_p_ & L ATIISTINCE Hiss L8 Ava 3 §
toa 22|l 2ok & > %are i , } : = v A R o 2 ”‘&44«41 Jnasas sve F
— Swie e ”;\o Pose Sova $isoes | = ” p i (B 7014 O o7 = Mwei e, VOALHE 1
3295 3sssa “’? 100 Iy Atase s W v =
>4 0 S = — e/ 5%k HeAT S s S [worow xea) 3 9
vy, o= rfl'
l'fgw "&n = -
20, . , 2 G2 EsNE .
ﬁ’ .
- ci8 1Y ra e
A 2 f’%‘ - ¥ L
E*'l 33 SCHEMATIC -
criz  CR® FPOWER CONVERTER ANE
SWI/TCHING RERLATOR
! 31588 | 8007370
. 3 — l e
T A 7 L] I 5 L] ‘ 3 2

L=5

' 1 v




3 | 7 | i | 5 1 4 | i
Ll
"env @ — e ) &
8 B Qﬂlﬂ‘h‘s
L=
i T il .
as ile
ne z i+
ey e AN o 3 L ey
i‘.o Q [ 3
(53] crz :
20,1 K LR 20 [
| e (D e Simw ™, s lex dne 's‘;.} e = k-
w1 {F
B, = A e R
:;mg @ il >uw- wae ‘ -
\1a il 1 ca > T zamn an
ae _[*| s 4T pul v dis
ar T il My 23max
¢ W T st 31 ) e e
) X [ B> cmy |
WY EXT) _”
C1 <o
GTMNT @ :- = 5
o ﬁ:! UNLESS OTHARMABE SPACITWES |
I @y W oy AR,
i e o TTAMCE VALLES AT
— M MICROFAXADS, 1107, EGOV
wee
e ) @y — R 2 —ap aw ek
b o i o fL?:w. e
112 ] P '.":'L s ‘!“: = / 2 J din L]
o= 3o Len 453% v S.uzn S _@ Tamna
1] w = < ':“: T ww den iwzo AL i Lz E
- W, > - - 2
il e~ o :-_-_} \ m o
e = - + -
’*;: o Lewe dews &
';P. - sod o 4
e £ wa ans A
= -
2 o e T 1 ol
pu— 4 55 I
;; g - — wiht e ‘C‘l‘ﬂ ﬁ :
oy 3
H —
==
w2 v @ G pwirre Lot
y - % ] ﬁ?_-.-'-m” AL ®-z:00 T e s ;
8 ] e ey SCHEMATC -
b E T s LOGIC REGULATOR
/=== - & Com veu ve savem 3 T i
S— ; ’ ; - - 5 e e B
e
i 0 I I | { | L . 1 v
w
i

8

o ————— —




5.4.4 Power Converter

Two DC/DC Converters are provided, one powered from each
Switching Regulator. These circuits establish signal ground
for the AVHRR and provide the proper voltage inputs to the
electronics regulators. They are driven converters being
synchronized with the same 62,4 Kh clock signal as the switching
regulators. The converters operate from switching regulator
outputs and therefore the maximum VCE on the converter transistors
is limited to 44vV.

5.4,5 +5V Requlators

A switching regulator is used to provide +5 volts for logic
circuits. The output of the switching regulator directly feeds
the logic circuits required for motor frequency countdown and the
input clock circuits. The major portion of the logics is powered
through a switching transistor from the regulator output. This
transistor is turned on with the Electronics ON command.

5.4.6 * 15V Regulator=

The 15 volt regulators are linear circuits utilizing the
Harris HA2620 I.C. as the voltage comparator. The schematic
for the % 15V Regulators is shown in Figure 5-5.

Alsc on this board are the pass transistors for the channel
enable/disable commands and Electronics ON command.

The +15 volt regulator uses a +20 volt "boost" voltage from
the power converter to enable a low input/output differential
and minimize the pass transistor power loss. The circuit will
regulate under full load with an input/output differential equal
to the collector/emitter saturation voltage of the pass transistor

whiéh is typically 0.2 volt.
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5.4.7 Motor Power Supply Switching Regulator

The schematic for the motor power supply switching

regulator is shown in Figure 5-6.

The circuitry is similar to the electronics switching

regulator, the exception being that the motor switching regulator

will regulate at one of two voltage levels selected upon command.

5.5 Commands and Digital TM

The following is a list of the presently planned commands

for the AVHRR:

1.

Scan Motor/Telemetry ON
Scan Mctor/Telemetry OFF

Electronics/Telemetry ON

. Electronics/Telemetry OFF

Ch 1 Enable
Ch Disable
Ch Enable
Ch Disable
Ch Disable

Ch

1
S
2

Ch 3 Enable
3
4 Enable
4

Ch 4 Disable
Voltage Calibrate ON
Voltage Calibrate OFF

Patch Control High Mode

Patch Control Low Mode

5-11
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17.
18.
19.
20.
21.
22,
23.
24,
25.
26.

Cooler Heat ON
Cocler Heat OFF

Scan Motor High Mode
Scan Motor Low Mode
Telemetry Locked ON
Telemetry Unlocked
Earth shield eploy
Earth Shield Disable
Patch Control ON

Patch Control OFF

The follewing is a list of the functions performed by

executing the listed commands.

1.

Command No.

Scan Motor/Telemetry ON

Electronics/Telemetry

Function

Applies Power to:

1.

g "

0 o] ~3 (4} w
e

Electronics sw. regulator
Motor sw. regulator

Power converter

t15V regulators

+5V logic regq.

Clock receiver

Motor logic

Analog telemetry circuits

Patch temp. control

Applies Power to:

l.
2.
3.

Electronics sw. regulator
Power converter

+15V regulators

=13



2. Electronics/Telemetry = Continued

4. +5V logic regulator
5. +5V electronics circuits
6. Analog telemetry circuits
7. A/D Converter
8. Scan timing leogic
9. Clock receiver

10. Motor logic

11. Patch temp. control

5. Ch 1 Enable If "Electronics ON" has been

executed - Applies Power to:

1. Ch 1 preamplifier

2., Ch 1 Post Amplifier

7. Ch 2 Enable If "Electronics ON" has been

executed - Applies Power to:
.1. Ch 2 Preamplifier
2, Ch 2 Post Amplifier

9. Ch 3 Enable If "Electronics ON" has been
executed - Applies Power to:
1. Ch 3 Preamplifier
2. Ch 3 Post Amplifier

11. Ch 4 Enakble If "Electronics ON" has been
executed - Applies Power to:
1. Ch 4 Preamplifier
2. Ch 4 Post Amplifier

13, Voltage Calibrate If "Electronics ON"

has been executed -

e

- 1. Deactivate IR & Daylight

detectors.
5-14
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15.

16.

17.

9.

20.

21.

Patch Control High Mode

Patch Control Low Mode

Cooler Heat ON

Scan Motor High Mode

Scan Motor Low Mode

Telemetry Locked ON

2. Provides simulated earth
scene and backscan video.

If "Telem=try ON" has been

executed

1. Sets patch temp control
point to 107k |

If "Telemetry CON" has been

executed

1. Sets patch temp control point
to 105°K

If "Electronics ON", "Motor CN"

or "Telemetry ON" has been

executed -'Applied Power to:

l. Radiator Decontamination Heater

2., Patch Decontamination Heater

‘If "Motor ON" has been executed -

l. Sets motor sw. regulator
voltage to HIGH LEVEL

If "Motor ON" has been executed =~

l. Sets motor sw. regulator voltage

to LOW LEVEL

Applies Power to:

1. Electronics sw. regulator
. Power converter

+15V requlators

-

+5V logic regulator

. Clock Receiver

()} (5} £ w N
-
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23. Earth Shield Deploy

24, Earth

Shield Disable

25. Patch Control ON
Digital T(M
The following is a list of
1. 8Scan Motor Status
2. Electronics Status
3. Ch 1 status
4., Ch 2 Status
5. Ch 3 status
6. Ch 4 Status
7. Voltage Calibrate
Status
8. Petch Control Mode
9. Cooler Heat Status
10. Scan Motor Mode

s,
£,

7. Analog Telemetry Circuits

8. Patch control circuitry

Applies Power to:

l. Earth Shield Circuitry

Removes Power from:

1. Earth Shield Circuitry

If "Telemetry ON" has been executed -

1. Applies Contreclled Heat to Patch

the Digital T/M functions:

8 B ON

ngn OFF

wym ON

ngn OFF

myw ON

L R OFF

myw oN

"ow OFF

wym ON

ol e oOrfF

nym ON

hgw OFF

nyw ON

ngw OFF

mym 107gx

nge 105°K

nyn ON

non OFF

nym HIGH POWER
ngw LOW POWER

5-16
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11. Telemetry Status nlw ON

s 1 g QFF
12. Earth Shield Status i DEPLOY
L 1 R DISABLE
13. Patch Control bt i ON
b OFF

The schematics for Command Relay #1, 2 and 3 are shown in

Figures 5-7, 5-8 and 5-9. Command Relay's are P&B HL1lD 12VDC
Latching Type. For Commands and Digital T/M "1" true or 0.0V Level "O"
= False or +5.0V Level. ,

5.6 Analog TM and Patch Control

5.6.1 Analog Telemetry

The following is a list of the presently planned analog
telemetryv points.

1. Patch Temperature

2. Patch Temperature Extended
3. Patch Power

4. Radiator Temperature

5. Blackbody No. 1 Temperature
6. Blackbody No. 2 Temperature
7. Blackbody No. 3 Temperature
8. Blackbody No. 4 Temperature
9. Electronics Current

10. Motor Current

11. Earth Shield Position

12. Electronics Temperature
13. Cooler Housing Temperature

14. Baseplate Temperature
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15. Motor Housing Temperature

16. A/D Converter Temperature

17. Detector No. 3 Bias Voltage

18. Blackbody Temperature IR Ch 3

19. Blackbody Temperature IR Ch 4

20. Reference Voltage
The circuitry for telemetry points 1-16 is located on the Patch
Temperature Control and Telemetry Board shown schématically in
Figare 5-10 and the Telemetry #2 Board shown schematically in
Figure 5-11.

The following is a list of the range and resolution of the

analog telemetry points.

Range Resolution
1. Patch Temperature +0.2V = 90.7°K 0.1935V/Degree
+5.0V = 115.5°K
2. Patch Tempevature +0.2V = 99.4 K 0.02216V/Degree
Extended +5.0V = 316.0°K
3. Patch rower +0.,2V = 0.08 MW 0.067V/mm at
+5.0V = 50.0 gW 32 mw out.
4, Radiator Temperature +0.2V = 148.70K 0.0285V/Degree
+5.0V = 317.30K
5, 6,7,8. Blackbody Temp +0.2v - 5,086 8 0.1203V/Degree
1,2,3 & 4 +5.0V = 44,974°C
9. Electronics Current +0.2V = 39.3 MA 5.088MV/Milliamp.
+5.0V = 982.5 MA
10. Motor Current +0.2v = 12 MA 16.6 MV/Milliamp
+5.0v = 300 MA
11l. Earth Shield Position 3 Levels +5.0V Open

4+3.0V In Between
+1.0V Clossd
C

12. Electronics Temperature +0.2V = 38.73° 0.171735v/
+5.0vV - 10.8°¢ o
13, 14, 15. Cooler Housing  +0.2V - 33.24°C 0.129v/°c
Temperature +5.0v = 3,95°C

Baseplate Temperature
Motor Housing
Temperature

5=-21
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g,

16. A/D Convexter +0.2V = 84, 49°C 0. 12V/o
Temperature +5.0v = 44.51°%

17. Dbe=c2ctor #3 Bias Volt. 1.923 = =13V 0.23/v/V
2.384 = -11v

18. Blackbody Temp IR Ch 3 To be Calibrated*

19. Blackbody Temp. IR Ch 4 To be Calibrated*

20. Reference Voltage +0.2V = 0.266V  0.750V/V
+5.0V = 6.657V

*Range and value of calibration dependuni on individual instrument

callbrstlon. gquations derived from M matched to Calibration
from 0°C to 40°C are

o) 2

Ch '3 =g =TTy

cC 4~%%==13v° + 11V + 302.3

=-13.2V + 330.2

2000 Ohm ice Point Platinum sensors are used for the
following telemetry.

1. Patch Temperature

2. Radiator Temperature
3. BB No. 1

4. BB No. 2

5. BB No. 3

6. BB No. 4

30K ohm Y¥.S5.I. Thermistors, 0.1°C interchangeability, are
used for the following telemetry.

1. Baseplate Temperature

2. A/D Converter Temperature
3. Electronics Temperature
4. Cooler Hsg. Temperature
5. Motor Hsg. Temperature.

Dlodes have been provided on all operational amplifier outputs
to limit analog telemetry points voltage range to -0.7V to +6.0.



5.6.2 Patch Temperature Control

The circuitry for temp. control is shown on the Patch Temp
Control and Telemetry schematic, Figure 5-10.

It is a proportional control with a DC output (steady state)
to eliminate transients.

The temperature sensor is a platinum resistance unit, Rose-
mount Model. No. 164MA with an ice point resistance of 2000 ohms.
This will provide the input amplifier with a 1ow’impedance, stable,
and linear source with a resistance change of approximately 8.6 ohms/
degree.

The heating unit on the patch is a high rel. RNR55 2000 ohm
resistor.

The operational amplifiers are Harris devices, HA-2700. They
were selected for the low offset voltage, typically 0.5 mv and
offset voltage as a function of temperature typ. 0.25 mv from 0
to 50°c.

5.6.2.1 Theory and Operation

The R3, R4 resistors are used to zero the lst stage amplifier
offset voltage at +25°%¢.

The R6, R7, R8, combination is tailored to match the platinum
sensor resistance at 105 and 107 Relvin. R-2 limits the sensor
dissipation to the values in the following table and establishes the

input voltage change to the lst stage amplifier at 12.5 mv/degree.

Sensor Power Dissipation Sensor Dissipation/mw
95° 1.31
100° 1.41
105° 1.50
110° 1.59
353" 3.15

5-25



L N

k-5 is selected for a first stage gain of approximately 70 and the
amplifier output is 0.0 volts at the selected control point.

With the 0.0 volt inverting input on the second stage and
0.134 volt established by R1ll, R12 on the non-inverting input,
the second stage amplifier output = (0.34 x 67.6) =9.07 VDC. With
a 0.6 volt drop across CR1l the patch control output is 8.4 volts
at the selected temp. control point. With the 2.0K heating unit
on the patch, the patch contro. circuitry providés 35 milliwatts
at 105.0 or 107.0 degree Kelvin.

Figure 5-12 indicates the deviation in temperature of the
control point with wvariations in control heat requirements (35 mw
nominal).

5.6,2.2 Circuit Stability

The resistor types used in the patch control are Vishay
§202 high rel units with shelf life and load life data available.
Calculations from these data indicate that the resistor stability
is a negligible factor.

The operational amplifier stability can be related to a milli-
volt/degree factor at the first amplifier input. The typical initial
offset voltage for the HA2700 is 0.5 millivolts which is compensated
for at board test. With the loop gain indicated on the schematic,

a long term offset voltage change of 1.25 millivolts would be
required to result in an error in temperature ccntrol of 0.1 degree.

The relative location of the detectors, temperature sensor and
heater is shown on ITT Dwg. #8008799 Detector/Frame Assembly,

Channel 3 and 4 Figure 5-13.
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The sensor and heater is located as close as possible to
the detectors to minimize sensor/detector/heater gradients and
provide the input circuitry with feedback which is a monitor of
detector temperature as opposed to the patch temperature,

P | Motor Logics

The clock receiver arrangement utilizfng the Texas Instruments,
Inc. SN55107 clock receiver, as specified in the GFSC specification
for an Advanced Very High Resolution Radiometer, is located on the
motor logics printed circuit board. An output of the clock receiver
is available on a connector pin for uée in the interface logics.

The motor countdown logics convext the 0.9984 MHz clock
receiver sicgnal into 62.4 KHz for use in the switching regulators
and 240 Hz 2¢ for use in the motor power supply.

The 0.9984 MHz input signal is first divided by 16 in a
ripple counter to achieve the 62:4 KHz signal at pin 9 of A7.

This signal is then buffered and is available for use in the
switching regulators.

To obtain the 240 Hz 2§ signal, the 62.4 KHz signal is
divided in a series of counters. The first is a divide by thirteen
counter which produces a 4.8 KHz signal at pin 9 of A4, This
signal is then divided by 10 to obtain a 480 Hz signal at pin 2
of Al. The inverted and non-inverted forms of this signal are
further divided by 2 in their respective J-K flip flops, and the
240 Hz 1@ signal is present at pins 9 and 12 of Bl. A reset

circuit acts as a monostable and supplies a pulse to the clear
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input of one of the J-K flip flops, Bl pin 2. The reset pulse
insures the proper 90° phase relationship between the 2@ 240 Hz
output.

A portion of the scan count logics is also included in tha
motor logics circuit. The time base for scan counting is the
spacecraft 0.9984 MHz clock. A divide by 100 counter provides
a 100 usecond (10 KHz) time base for the remainder of the counter
and decoding.

The counter is designed to count continuously and be reset
by the pick-up sync pulse. The reset logics for the entire scan
count circuit are on this circuit.

The final circuit on this board is the sync pick-up circuit.
There are two magnetic pick-ups in the motﬁr housing which provide
the inputs to the sync pick-up circuit.

The HA-2700 operational amplifiers act as level detectors
ana provide logic level pulses t9 the logic circuitry. The circuit
is designed for redundant operation such that if either pick-up
fails, a sync pick-up pulse will still be present at the output.

Drawing No. 8008045 is the schematic diagram of the motor
logics (Figure 5-14). The motor logics timing diagram is shown
in Figure 5-15.

5.8 8Scan Count and Decode

The scan count and decode board provides the basic count-
down of the scan period and the decoding of gating signals for
the AVHRR electronics. The schematic diagram is given on Drawing

8008049 (Figure 5-16).
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A 10 KhHz clock from the moteor logics is the time base
for the counter. The first six flip fl.ops are a conventional
binary ripple counter. The last four counting stages are a
divide by 13 ripple counter. The counter is designed to repeat
the scan period automatically but is normally reset by magnetic
pick-up initiated reset pulse.

The method of decoding is setting flip-flops at the
beginning and end of the desired time interval ané decoding the
set condition of the first and the reset condition of the second.
The clock input is always the highest frequency of the decoded
time, which arrangement when used with a ripple counter, provides
unambiguous decoding.

The timing of the normal operation signals is shown in
Figure 3-17. Timing for the voltage calibration signals is
on Figure 5-18.

5.9 Output Data Control

The logics for controlling the conversion of Analog to
Digital Data and the transmission to the MIRP is shown on Schematic-
Interface Logic No. 1 - 8009206 Figure 5-19 and Schematic Inter-
face Logic No. 2 - 8009209 Figure 5-20. The timing for the output
Data Control is shown in Figure 5-21.

By specification, the minimum timebetween samples from the
MIRP can be 25 micro-seconds. With minimum timing, the A to D
converter operates in the hold or convert mode for 16 microseconds

and in the track or sample mode for 9 microseconds. For longer
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intervals between sample pulses, the track time is increased.
The sample signal from the MIRP determines the transition from
track to hold.

The A to D converter operates on a basic 3 microsecond
conversion time., The time alicwed for Channel 5 conversion
is increased to 4 microseconds to mir.imize the data storage
and gating circuits required. 4

The A to D converter provides for six input data channels.
The target five channels correspond to the five channels of the
specification. The sixth channel has multiplexed telemetry data
and is switched in under logic control in place of channels 3,
4, and 5 of the appropriate time in the line scan.

Three microseconds (4 microseconds for channel 5) after a
channel is selected a strobe signal is sent to the A to D which
stores the digitized data in the- A to D internal register. The
data of this [ oint is in Grey code. Within 0.5 microseconds
the Grey to binary conversion is completed and valid binary data
is p. esent on the A to D output lines.

'he data is later strobed into an intermediate storage
register and in sequence to the _utput register whose outputs
directly connect to the output drivers for the MIRP lines.

The following chart gives the timing data for the sequence

in microseconds with respect to the MIRP select pulse.



CH 1

Analog to Digital 0-3
Conversion

Data in A to D 3-6
internal register
(Grey Code)

A to D output 3,5-6
(binary)

Data in Inter- 4-7
mediate register
(Reg. 1)

Data in output 5-10
register
(MIRP Signals)

CH 2 CH 4
3-6 6-9

CH 3
9-12

6-9 9-12  12~16

6.5-0 9.5-12 12,5-16

7=10 10-15

10-15 15-20

* Time of next conversion cycle.

15-20

20-25

CH 5 %

12-16

16-3*

16.5=-3*%

20-4%*

25-5%

**  Channel 5 input is connected to the Output Data
Amplifier of Channel 3.
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5.10 Ramp Calibration Generator

The ramp calibration and simulated calibration functions
have been combined to have the same digital to aralog converter
be the sigpal source for both and have the signal control and
switching only a logic function. Drawing No. 8007963 sheets 1
and 2 is a schematic diagram of the ramp calibration generator
(Figure 5-22).

The counter for the ramp calibration is a éonventional 10-bit
ripple counter. The outputs are gated to the D to A converter.
The system is connected such that each successive scan will give
a one-step voltage change in the direction of increasing radiance.
This means that the signal will be increasing in voitage in
channels 1 and 2 and be decreasing in voltage in channels 3 and 4.

Since ramp calibration signals of both polarities with
respect to zero radiance are required, a digital offset (Binary
Number 43) is maintained at all times other than ramp calibration
time. During space look, the data amplifiers will re-zero on
this offset allowing ramp calibration signals of both polarities
from zero radiance. The following tables will. illustrate this
further.

Since the zero radiance voltages were specified at different
intervals from the limits of the ramp calibration voltage (+0.25
volts and -0.1 volt) and +6.2 volts and +6.4 volts) the difference
was split maintaining the 6.5 volt ramp calibration range giving
a 0.275 volt excursion below minimum radiance. This gives a binary

value of 1023/6.5 volts x 0.275 volt = 43 bits.
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The earth scene during simulated calibration is derived
from a divide-by-3 counter. The three states are decoded and
gated through the two most significant bits giving signals of 1.526,
3.253, and 4.879 volts above minimum radiance.

A test connection has been added to allow three known values
of ramp calibraticn signal to be sequentially gated out when
calibrating. This signal must be matched to the amplifier gain
which is a function of detector sensitivity.

The clock signal for both counters is derived from the
scan timing logics. ‘

The D/A Converter is a l1l0-bit current switching type
converter. The output of the converter is a positive going 0
to 10.23 volt ramp consisting of 1023 steps. The output of the
D/A converter is sent to a unity gain inverting amplifier located
on the multiplexer board. These two outputs provide both polarity
ramp signal for insertion into tﬁe data channels as reguired by
circuit configuration.

The ramp calibration generator also provides t 6.2 volt

outputs for use as a stable reference voltage.

VOLTAGE CHANNELS 1 and 2

+6.475 Channel Ramp Calibration Limit - Binary 1023
6.39375 A/D Converter Signal Limit

6.1 Maximum Scene Radiance

0.25 Zero Radiance - Binary 43

0 A/D Converter Signal Limit

-0.025 Channel Ramp calibration Limit - Binary 0
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CHANNELS 3 and 4

+6.475 Channel Ramp Calibration Limit - Binary 0
6.39375 A/D Converter Signal Limit

6.2 Zero Radiance - Binary 43

0.3 Maximum Scene Radiance

0 A/D Converter Signal Limit

-0.025 Channel Ramp Calibration Limit - Binary 1023

P B Auxiliary Scan Timing

The auxiliary scan timing circuitry is added to provide
continued operation of the AVHRR in the event of the loss of
the pick-up signal which synchronizes the scan timing with the
_scan mirror position.

A block diagram of these circuits is given in Figure
5-23. The complete schematic is shown on Drawing 8008052 (Figure
5-24), The timing for auxiliary scan operation is shown in Figure
5-25. Timing signals are generated on the Scan Count and Decode
Board.

The circuit operation is based on the fact that the minimum
output signal on Channel 3 occurs when the radiometer views space.
With the loss of the synchronizing pulse, the scan counter period
is the same as the mirror rotational time but not in synchronism.
Two samples of the output voltage are taken at time the scan counter
timing indicates that the instrument is viewing space. From this
point two different modes of operation ensue. If in the remainder
of the scan a signal level lower than the average of the two samples

is detected, the scan counter is reset. When the cold target
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which causes the reset is space, the reset places the counter
within a few milliseconds of the correct point. This operation
is performed only every 128th scan to allow the data amplifier
to settle with the new reference. When the scan counter is near
synchronism, a logic gate inhibits this circuit while the mirror
is viewing space on the trailing edge of the earth view.

For finer positioning, the relative amplitudes of the
two samples are compared. An up-down counter sums the net number
of differences over sixteen scans. If a sufficient unbalance
exists, the logic will cause a 40 KHz clock signal to be added
or omitted, depending on the direction of unbalance. The counter
limits are unbalanced in an attempt to cause the samples to go
to the early portion of the space view as in the normal scan cycle.

5.12 Ch 3 Data Amplifier

The schematics depicting the Channel 3 amplifier chain
are shown on Drawing 8008101 (Figure 5-26) and Drawing 8008078
(Figure 5-27).

The preamplifier has a positive and negative voltage
regulator to provide additional regulation for the detector bias
and to provide power supply isplation from the remaining electronics
for these low level signals.

The input stage of the preamplifier is a differential pair
consisting of transistors Q5 and Q7. Transistor Q4 provides a
constant current source for Q5 and Q7. The detector signal is
inserted at the base of Q5. Stage feed-back, zero-reference feedback,
ramp calibration signals, and a DC offset signal are all summed at
the base of Q7. This transistor circuit provides an open loop

gain of approximately 2500. Amplifier U3 is included in the

first stage to provide a single ended output for the signal. 5=50
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Amplifier U4 is an additional stage of voltage gain.

Transistors Q3 and Q6 perform the functiocn of shorting
out the detector bias and the offset bias when operating in
the Voltage Calibration mode. The removal of bias from the
detector effectively eliminates the detector signal. The offset
bias is simultaneously removed to allow the zeroing reference
circuit to operate at close to normal operating.‘conditions.

The first two post-amplifier stages comprise the pre-
sampling filter. This filter is a four pole transitional Butter-
worth Thomas filter. The relative frequency response curve for
the filter is shown in Figure 5-28. The two filter stages give
a DC gain of approximately 9 to the chain. An additional stage
provides additional gain and a relatively wide band output stage.
A unity gain amplifier is used to provide a buffered output to
the test connector.

The final amplifier output (inverted) is sampled through
a FET and fed back to the preamplifier. This signal is stored
in capacitors Cl4 through Cl8. This signal is fed back to the
preamplifier input stage through amplifier U5 which is an FET
iqput amplifier operating as a low pass amplifier. This amplifier
is gperated as a non-inverting amplifier providing feedback to
the input during the sampling interval.

Sampling time constants are selected such that the amplifier
output can be restored to zero during the 2 millisecond sampling

time. The DC gain of the "% amplifier stage allows correction
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M

cf DC offsets with very low DC shifts in the output signal.

A significant amount of tailoring is required in the
Ch 3 amplifier to match the possible detector responsivity and
bias currents. Provisions are made in several c¢i the amplifier
stages for a systematic adjustment by tailorirng of gain with
fixed resistors. The ramp calibration sijnal must then be
tailored inversely to the overall amplifier gain.

Individual amplifier stag=s are designed for essentially
flat frequency response (except for the filter étages) through
the cut-off frequency. For board test the combined gain of the
preamplifier and post amplifier will be set at approximately
50,000 which is more than any anticipated requirement. Any
tailoring will then be a gain reduction which will not have an
adverse affect on frequency response.

5413 Channel 4 Amplifier

The schematic for the channel 4 preamplifier is shown
on 8009217 (Figure 5-31). The channel 4 post amplifier is
physically located with the channel 3 post amplifier (Figure 5-27).
The channel 4 preamplifier is a current to voltage converter’

with a high (16 meg) feedback resistor for low noise operation.
The detector is maintained with a low back bias for minimum

detector noise output. This bias is tailored to match each detector.
The Post Amplifier is identical to the Daylight Post Amplifier.

5.14 Daylight Amplifiers

The schematics of the daylight amplifier system are shown
in Drawing 8008130 (Figure 5-29) and Drawing 8008096 (Figure 5-30).
The amplifiers for channel 1 and channel 2 are identical except for
the tailoring required to match detector responsivity.

The preamplifisrs are located in the optics module with

the detectors directly connected to the preamplifier terminals. -y
=55
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The detectors are operated in biased mode as a current source.
A 4 megohm feedback resistor is used to minimize noise current.

The post amplifiers for the daylight channels are essentially
the same as the post amplifier for channel 3. The space sample
for the zero reference is fed back to the input stage of the post
amplifier. The ramp calibration signal is summed in at first post
amplifier stage. A FET is used to short out the preamplifier
signal during the Voltage calibration mode of operation.

5:15 Multiplexer Board

¢

This printed circuit board contains the multiplexer for
the 6th input channel of the analog-ﬁo—digital converter, the
blackbody temp. IR TM circuits, and over-temperature monitor
circuits for the patch and radiator.

The multiplexer consists of five FET switches feeding amplifier
U3. The logic timing signals for control of the FET's are generated
on Black Body Mux board. The four Elack Body TM signals are
sequenced in the same time posifion on a line scan basis. During
the fifth line scan, none of the signals are gated providing a 0
velt marker in that time position. The low range patch temperature
is the other multiplexed signal.

The blackbody temp - IR telemetry signals are two identical
sample and hold circuits (amplifiers Ul2 and Ul3)., The sample logic
signal is generated on the Scan Count and Decode board and is to
provide a sample of the two IR channel outputs at the time the
scan mirror has a full view of the internal calibration target

(internal blackbody) .
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The patch and radiator temperature TM voltages are fed
to amplifiers U6 and U8 operating as comparators with a reference
voltage. The amplifier outputs drive switching transistors in
the patch and radiator heater circuits to remove power if the
temperature exceeds the allowable figure (currently 40°C).

The schematic diagram for this board is shown in Figure
5-32.

5.16 Black Body Mux

A logic divide by five counter cof the BB Temp (logic)
signal with four of the counter states decoded provide the logic
control signals for the time multiplexing of the four Black
Body TM signals. The fifth undecoded state provides the marker
scan. '

Individual transistor Q2 and Q4 are used to drive each Earth
Shield deploy solenoid. Feedback from the shield position switches
remove transistor drive current through amplifier U6. Tkes Zarth
Shield Disable remuves all power from these circuits. An R-C
delay in the base circuit limits the input current surge. See

Figure 5-33.

5.17 Motor Power Supply

The motor power supply converts +22 volts DC (high power
mode) or +18 wvolts DC (low power mode) into a two-phase 240 Hz
square wave to drive the 80 pole scan mirror motor. The circuit
is a conventional bridge switching inverter. Drawing No. 8007941
is the schematic diagram of the motor power supply (Figure 5-34).

The input signals from the Motor Logics circuit are AC
coupled for ground isolation. The HA2620 operational amplifiers
act as comparators and provide sufficient drive for the primary

circuit to insure saturation of the inverter transistors.

5-60
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5.18 Power Profile

Figure 5-35 depicts the power usage under the mode
of operation indicated.

5.19 ° Interface Connectors

Table 5-1 lists the connections and type of connectors
for the AVHRR Electrical Iaterface.

5.20 Electronics Drawings

Table 5-2 is a list of the drawings for the electronics

printed circuit boards.



POWER PROFILE

: FUNCTION POWER | NORMAL TELEMETRY MOTOR COOLER | INSTRUMENT '
OPERATION | ONLY ON HEATER | OFF
ANAL.OG TELEMETRY 1.89W X X x . X
A-D & ELECTRONICS *¥ 12.91wW X
SCAN MOTOR HIGH 4.48W X X
SCAN HOTOP LOW 3.67W ~ X
HOTOR LOGIC 1.3W < X X X
CHANNEL 1 84w X
CHANNEL 2 84w X
CHANNEL 3 \ : 1.5wW X
CHANNEL 4 . 1.16W X
COOLER HEATER 24.6W ' X
COOLER COVER DEPLOY 56.9Wk i
STANDBY HEATER " . X
22 Bisn* A
“2a.00w | 3.10w [50@50 OF -1 27.79W [ 2g. gt

* Required only once for a period of approximately 1 sec.

** Measured PFMvalues. ETM total was 25.51W. . —.

**¥ Supplied from TCE - not from +28V buss.

1
(=)}
o

Fl&. 5-35




Table 5-1
NO. FUNCTION
Ji Command
J2 Digital TM
J3 Power
J4 Analog TM
J5 Clock
Jé Data Processor
J7 Test
J33 Pulse Load Heaterxr

99~-%

Interface Connectors

GSFC STYLE

311P405-4P-C-12
311P405-3s8-C-12
311P405-3P-C-12
311P405-48-C-12
311P405-1P-C-12
311P405-2P-C-12
311P405-58-C-12
311P405-18-C-12

DESCRIPTION

37 Pin Male
25 Pin Female
25 Pir Male
37 Pin Female
9 Pin Male

15 Pin Male
50 Pin Female

9 Pin Female




J1 COMMAND

5 . PIN NO. FUNCTION

Eléc/Telemetry On

N

Elec/Telemetry OfE

3 Motor/Telemetry On
4 Motor/Telemetry Off
5 Telemetry Not Locked On
6 Telemetry Locksd On
7 Channel 1 ﬁnable
8 Channel 1 Disable
9 " Channel 2 Enable
10 Channel 2 Disable
i 11 Channel 3 Enable
12 Channel 3 Disable
13 Channel 4 Enable
14 Channel 4 Disable
15 o Motor Low Power
16 Motor High Power
17 Patch Low
18 ' Patch High
19
20 Patch Control Off
21 Patch Control On
22 Earth Shield Disable
23 Earth Shield Deploy
24 Cooler Heat Off
25 ' Cooler Heat On
{ 26 Voltage Calibrate Off
- 27 Voltage Calibrate On

5-~67



JL COMMAND (Continued)

PIN NO. : FUNCTION

28
29
37 Chassis Ground
A
3."( .‘.




10
11
12
13
14

25

J2 DIGITAL TM
' FUNCTION

Earth Shield Status’
Patch Control statué
Patch Mode Status
Motﬁr'Mode Status
Veltage Calibrate Status
Cooler HeétJStatus
Electronics/Telemetry Status
Motor/Telemetcry Status
felemetry chk Status

” - Channel 1 Status
Chafinel 2 Status
Channel 3 Status

Channel 4 Status

Chassis Ground
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PIN NO.

17

1§

J3 POWER

FUNCTION

+28V Buss

+28V Buss

+28V Buss (Motor)

+28V Buss (Motor)
Power Ground

Power Ground

AC 28v Retﬁrn

AC 28V Return
" +10V Buss

+10V Buss

+5V Buss

+5V Buss

Interface Power Ground
Interface Power Ground
Signal Ground

Signal Ground

Chassis Ground

Chassis Ground
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1o
11
12
13
14
15
16
17
18
19
20

21

37

,\-7‘1""*‘%« X
\

J4 ANALOG TM

PIN NO.

FUNCTION
Radiator Temp. TM
Patch Power TM
Patch Temp TM Low Range
Patch Temp TM Ext Range
Black Body #1 TM
Black Body #2 M
Black Body #3 TM

Black Body #4 TM

' Motor Current THM

Elect. Current TM

Earth Shield Position T™
Electronics Temp. ™
Base Plate Temp. TM

A/D Conv. Temp. TM
Motor Hsg. Temp TM
Cooler Hsg. Temp. TM

Detector Bias Volt Ch. 3 TM
BR Temp. IR Ch. 3 ™
BE Temp. IR Ch. 4 TM

Offset Voltage TM

Chassis Ground

5«71



J5 CLOCK

PIN NO. FUNCTION
1 Clock ~ Ref
2 Clock
3 B Clock Shield
4 Chassis Ground

7
H

5~72
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10
il

12
13

14

15

J6&6 DATA PROCESSOR

FUNCTION
27 MIRP Data
2% MIRP Data
2° MIRP Data
2% MIRP pData
MIRP Data
27 MIRP Data
2 .MIRP Datg
22 MIRP Data
27 MIRP Data
MIRP Data
Chassis Ground
Sample Pulse From MIRP
Chassis Ground’
Sync Pulse

Chassis Ground




J7_TEST _

PL . PIN NO. - FUNCTION
1 Test - Pick-up luss sim.
2 : ' Ramp Cal. 3 level
3 Ch. 3 Test
4 ' Ch. 4 Test
5 Ch. 1l Test
6 ' " Ch. 2 Test .
7 REf. V Test Point
- 8 Pick-up #1 Test
9 pick-up #2 Test
10 «1l5V Test
11 . +15V Test
. 12 . Clock Revr Test
13 Solenoid +28
14 Solenoid +28
15 | . +5V Test
17 Sync Pulse
50 éhassis Ground

5-74
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J33 ~ PULSE LOAD HEATER

'PIN NO. FUNCTION
1 ' : Pulse Toad Heater
2 Pulse Load Heater Ret.
3 Temp. Control Sensor
4 Temp. Control Sensor
5
6
7 Chassis Ground
8
g

5-75



4004 §T THVA TVNIDIHO
THL 30 XIITIEIONA0TdHY

9L~-S

PRy

Table 5-2 AVHRR DRAWING NUMBERS
ASSEMBLY ASSEMBLY TEST
CIRCUIT NAME SCHEMATIC BOARD # DRAWING PROCEDURE PROCEDURE
POWER COWV. & SW. REG. 8007970 8007971 8007972 8008230 8008278
LOGICS REGULATORS 8007975 8007976 8007977 8008231 8008279
£15V REGULATORS 8007980 8007981 8007982 8008232 8008282
MOTOR SW. REG. 8007944 8007945 8007946 8008233 8008297
COMMAND RELAY #1 8008800 8008801 8008802 8008234 8005280
COMMAND RELAY #2 8008754 8008795 8008796 8008235 800828).
COMMAND RELAY #3 8009213 8008795 8008796 8009224 8009227
PATCH TEMP CONT. & T/M 8008120 8008121 8008122 8008236 8008290
T/ BOARD #2 8008127 8008128 8008129 8008237 8008291
MOTOR LOGICS 8008045 8008046 8008047 8008238 8008283
SCAN COUNT & DEC. 2008049 8008050 8008051 8008239 8008284
INTERFACE LOGICS #1 8009206 8009207 8009208 8008240 8008293
INTERFACE LOGICS #2 8009209 8009210 8009211 8009225 8009228
RAMP CAL. GEN. 8007963 8007964 8007965 8008241 8008285
AUX SCAN LOGICS ‘8008052 8008053 8008054 8008242 8008286
CH. 3 PREAMP 8008101 8008102 8008103 8008243 8008294
CH. 4 PREAMP 8009217 8009218 8009219 8009226 8009229
IR POST AMP 8008078 8008079 8008080 8008244 8008288
DAYLIGHT PREAMP 8008130 8008131 8008132 8008245 8008295
DAYLIGHT POST AMP 8008096 8008097 8008098 8008246 8008289
MULTIPLEXER 8008133 8008134 8008135 8008247 8008292
MOTOR POWER SUPPLY 8007941 8007942 8007943 8008248 8008296
BLACK BODY MUX 8008250 8008251 8008252 8008249 80082287




6.0 RADIANT COOJ_:.ER

The radiantjqéblér has a simplicity of design (Figure
6.0=1) that_raf;egts the advantageous orbit and the absence of
sPﬁdgCraft'extensionsbin thé'antifsun direCtion.  Tt is a
cgﬁServéﬁ¢vé.-@és;9n.thaﬁké@P1935 p#d#én'ha;dware and techniques;
there‘is‘amplg céclinglmarginzfon‘both temperature control and
possible thermal degradation. The specific reguirements imposed
on the detector cOolef are as Ffollows: a2

a. The cooler shall be mounted on the anti-sun side
of the space vehicle and shall look intc a hemi-~
sphere (of celd space) ekcept for the selid angle
subtended by the earth. The cooler must be shaded
from earth radiation.

b, The nominal temperature of the infrared detectors
shall be actively controlled at either 105K or 110X
(selectable by command). At the beginning of orbital
life, the uncontrolled temperature shall be 95K or
less.

c¢. During acguisition, the cooler field of view ¢an
sweep through the sun at a rate of 0.5 rpm for an
undeterminate period. The coqler must operate with
no degradation after this exposurea.

We have assumed the earth shading requirement (a) applies to

the patch or second stage of cooling and that the margin require-

ment (b) applies to the nominal orbit (450 n mi altitude and

6-~1
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- 37.5° orbit normal to sun angle). The earth shield will be

used as a protective cover during acquisition; exposure is limited

to the shleld cover, which reaches a maximum temperature of about
o%¢ during a continuous 0.5 rpm sweep through the sun (Section 6.5).

' The design of the radiant cooler is described in detail
in Sections 6.1 through 6.4. ‘The performance is analyzed for
the nominal condition and for variations in the orbital parameters.
The anticontamination provisions to protect bothrthermal and
optical surfaces are described in Section 6.6. Because of the
relatively large amount of thermal léading through the optiecal
port to the cooler, we have established detailed models that have
been verified by thermal tgsts (Section 6.7}.

The nominal in orbit characteristics of the cooler are

summarized in Table 6.0-~1 and 6.0-2.

6.1  Field of View

Thé heﬁisphere above the coocler patch is cold space except
for the earth. As a result, any point on the patch can be shaded
by a semicircular shield that matches the angle subtended by the
earth and any vertical line by the semicircular shield for its
top point. The smallest shield for the entire patch is then
obtained by translating the latter shield along the horizontal
dimension of the patch. We have modified this shield and increased
the shading of the radiator by the use of small vertical sides. The
maximum angle subtended by the earth is the solution to sin
Bp = Ry/R, + h, vhere R, is the equatorial earth radius (3444.3

n mi) plus the tropical atmospheric height (9.1 n mi) and h is
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Table 6.0~1 Nominal Characteristics of the Radiator

(a)

Temperature 170.6 K

Power radiated (a) l1.66 W
Radiating area 55.2 in2
Conductive input () 0.195 W  11.7%
tnsulation input (2 0.592 35.6
Barth input 0.210 12.7
Covers imput 0.388 23.4
optical port input (& 0.275 16.6
ar/as P} 2,05 ® (0.1 W)t

{a) For housing at 25°C

(b) Rate of change of temperature with input power
at temperature shown.

Table 6.0-2 Nominal Characteristics of the Patch

Temperature(a) : 105 K
Power radiated 96.6 mwW
Radiating area 22.4 in2

(b)

Conductive input 10.0 mWw  10.4%

Insulation input(c) 15.4 mw 15.9
Joule heat input 2.3 mW 2.4
Optical port input 25.3 nW 26.2
Shield input 9.1 mW 9.4
Control power 34.5 mWw  35.7
dr/de 0.31 K (mw) ™t

(a) Nominal control point.
(b} Including effect of support shields
{c) Radiative decoupling




the spacecraft altitude (450 n mi). The solution is Bm = 62,.20°,
The actual shield completely covers 63.790, which leaves a margin
of 1.59° for spacecraft wobble (lo) and cooler alignment.
6.2 Shield

Figure 6.0-1 shows the radiant cooler shielded designed
for use at an altitude of 450 n mi. The shield completely
shades the patch (second stage of cooling) from - the earth.

6.2.1 Cover Temperatures

Both the vertical and horizontal earth shields are
ingulated from external inputs by shield covers. The three
optically polished shields are thermally and mechanically
connected. However, the two vertical covers are not connected
to the horizontal cover. The cover temperatures are listed in
Table 6.2-1 for the range of sun angles (BS) at the 450 n mi
altitude (see memorandum of May. 2, 1974).

The thermal balance equation that determines the temperature

T of a cover is given by
4

= b7 3 7
€, © Tc ch (sc We 4 Oq ﬁr) + &, So < gin i >
where €q = emissivity = 0.72 (silvered Teflon}
o, = solar sbsorptivity = 0.08
ch = wview factor from cover to earth: sin2 Be
for a horizontal cover and %—— (Be cos

Be) for a wvertical cover, where Be (62.170)
is the mean angle from nadir to the earth-

tangent line.




Table 6.2-1 Shield Cover Temperatures

B Vertiecal Horizontal

s

0® 167.8K 232.0%
27.83 187.4 241.9
37.5 190.1 238.6
67 195.6 238.7

Table 6.2-2 View Factors from Radiator +to Earth

Element’ Weight* R P

a 0.1046 0.011 . 832
b 0.1046 - 0.012 734
c 0.1345 0.013 825
a 0.1345 0.075 471
e 0.05575 0.002 673
£ 0.12485 0.037 845
g 0.3412 0

Radiator ' 1 0.019 454

*Relative area.
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Ferind

<sin i> = orbital average of the solar incidence
angle, taken te be zero when the cover is
shaded from direct sunlight; —-%u—- sin By

{1 + cos Aue) for a horizontal surface and
1

2T
surface.

sin BS (1 + cos Aue) for a vertical

Aug = areccos {qos Be/sin BS); zero when sin Bsg cos Ber

’

i.e., when the spacecraft is in direct sunlight

throughout its orbit.

W, = infrared exitance of earth = 2.1 x 1072 Wem 2
W = reflected solar exitance of earth =

1.68 x 1072 sin 8_ Wem 2
s = golar constant - 0.14 Wem 2

o]
The equation for W.. is derived in Appendix I to Part I

of the Final Report on Contract NASS5-10113 (Dec. 1967).

6.2.2 Shielding and View Factors

Figure 6.2-1 shows the projection of the shielded onto
the scan earth disk as seen from an upper correr of the patch
(i.e., from the most difficult point to shield). The shading
from the earth is complete up to a disk angular radius of 63.79°.
The view factor F,_. from the black radiator to the earth
was determined by dividing the radiator into 14 elements, as
shown in Figure 6.0-1. By symmetry, there are seven elements
are shown in Figure 6.2-2. The view factors were calculated
by means of the contour integral technique (R. V. Annable, Applied
Optics, Jan. 1970 and July 1972). The results are given in Table
6.2-2,
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The view factor Fps from the patch to the shield was
calculated in two parts. First, the view factor to the
horizontal shielded was calculated using view factor algebra
and the formula for two perpendicular rectangles with a common
boundary (E. M. Sparrow and R. C. Cesé, Radiation Heat Transfer,
Brooks/Cole, 1966, Section 4-3). The result is

Fpsl = 0.37161 ’
Secondly, the view factors to the vertical shields and their
specutar images in the horizontal were calculated from the
center of the patch by thé contour integral technigue. As shown
in Figure 6.2-3, each wvertical shield and its complte specular
image can be seen from the patch center. By symmetry, the view

factors are the same to either vertical shield. The results are

Fpsz = 0.00359 to shield

i

Fpsz 0.00339 to shigld image

Finally we determine an effective view factor that can be

used directly in the design equations. It is given by

1

F = F ps2,

os psl g * 2 {1 - es) F

+ ZFPS

where (1 ~ as) - 0.965 is the reflectiwvity of the horizontal
shield.
The result is
F = 0.3853

ps
6.3 Radiator

The radiator and earth shield have a temperature Tr that

is the solution to:




iT~9

FIG. 6.2-3 GEOMETRY FOR CALCULATION OF VIEW FACTOR TO VERTICAL
SHIELD AND ITS IMAGE. : _
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@gbifs;%x,yadiép#JPQWQEéfg@mqﬁ,;héﬁ,is;absorbed in b

€ = earth (infrared and reflected sunlight)

' = black radiator, ¢ - shield covers

r
8. . = input from instrument through a

= multilayer insulation; k = supports and wires;

Per =‘JEré.(§? Wé +'aerf?>Ar

| oy SR S
or T ET T e TRIFTR O

R
1

. —Tr), for =sach cover

Fp = view factor from a to b; A, = area of a

£ = emissivity of a; o = solar absorxptivity of a
= earth infrared exitance = 2.1 x 1072 Wem 2
= earth reflected sunlight exitance

= 1.68 x 107% sin fg Wom™2; B, = orbit normal
to sun angle
A, (horizontal) - 104 in2; A, (2 vertical = 7.5 in2

A = 55.2 in“;

re = (0,01945 (Serction 6.2)

€, = 0, = 0.97 (honeycomb cavity array covered

with black paint)

S, = -l; &, = emissivity of gold plating
Eq c

on facing_surfaces of shield and covexr = §.035,
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TR = ithﬁrmal conduetance of supporfs between shmeld

and cover N

= '2 88 x 107 -3 WK {horizontal),
' o T |

= 1.44 % 1077 WK T (2 vertical) | 7
- 2 4 i
3 — GA- I" - - -— s 2n v —
gi = s.lr.‘ _ -{gh_ T, )i Ay = 115 in%; 8, = 50
'?h ;' mnstrument Lemperatura
6. oo R T = e | == e . - ES
Brs K. 3y ‘Tr}, K. thexmai conduc?ance betwean
hand r=1.14 & 107> WE" '
. 8 = 0.257 (r, = 20°%C) 0,275w (25°C), 0.313 w (35°%);

Because the thermal time constant of the radiatorw
shield is much greater than an orbital period, corbital averages
are used for the earth inputs. The insulation factor of 50
is the minimum expetted and was achieved on the ETM,
The thermal conductance Kr between the housing {(main ‘
instrument) and the first stage of cooling consists of 1.35 %

x 1073 W™ from the synthane support tubes and 0.18 x 10™°

WK from the following electrical comnections:

Quantity Diameter {(inch) Material

2 3.9 x 10“3 Copper

-3 To radiator
4 3.0 x 10 ° Chromel components
2 5.0 x 1073 Chromel,

-3
4 3.0 % 10 Chromel
2 3.9 x 167° Copper To patch

-3 compLnentcs
4 2.0 = 10 Nickel

All the electrical connections have a conductance length of =

3.15 inches.



Tahle 6i3~1-ﬂﬁbwé £hé.fédiatdr temperature range of the

tude, The hou31ng temperatures (Th) are estimates

T

165 @ SK

j51 {j,,jf;f_;gg_;” o 170.1

* Nomlnal orblt (B 30 2M ox 3:30 PM)
6.4  Patch o |

The the:mal balance equation for the patch is

where p = patch
s = earth shzeld (upper smde)
kx = themnal conductance 1nc1ud1ng the influence of

radiative inputs from the support shields

s
i

goldwtcwgdld radiative insulation
= joule heat of detectors and temperature sensor

optical pnrt

A Eo] L8 )
i

4
- - K '

Qk = M_KP (Tr.-Tp)? M= dual mode multiplier

GAL o o

= 4 4 2
Y ¢ ™ J) 1P JORC . SR
& By L T €

6-14




3 @; ng5u;2 30 x 10 W (5 - n°); 2. 83 X 10 g (27.83 ), P

2,53 x 10 2

W (37 5 Yr 2. 41 ® 10 W (67 )r
g o= 0,97 (black paint on honeyccmb cav1ty array}

B € = 3 0 035 (vacuum depo&1ted aluminum)

8y = 0.035 (gold plate)
a, = 22.4n% 8, =326 in?'-’ :
-+§§%;»;;3»0 3853 (Section 6.2) - '
'35 . = 1.1875 x 10” 4wkt u = 1. 28

The kEhermal condnctance KP ‘between the radiator and match

consists of the following connections:

Quantity ‘Diameter (inch) Length (inch)  Material
4 3/16 x 5/32 ' 2,70 G-10 synthane
4 0.002 2.70 nickel
4 0.003 ) 2.70 chromel
2 0.005 2.70 ‘chromel

The dual heat mode multiplier M was calculated using the approach '
described in the memorandum "Combined Radiative and Conductive
Heat Transfer in the Patch Supports", from Contract 5-21651. A
shield emissivity g  of 0,035 was used in the Calculationgugnd the
analysis was carried out for the case TS == Tr {i.e., the thermal
gradient was evaluated a x = £). | |
The above equation does not include the 1nput present
during chamber teetlng as a result of reflectlon of the radiator

power from the c¢cld space target, Based.on'thermal tests and

6=15




5the 22 4 :m‘d black.radlatlng area. ;
;;The qolutlons LO the patch thermal balance equatvon

ltare llStEd 1n Table 6 4= -1 In the nomlnal orblt the temeraw

f&conurol~powerals “5 7% of the ‘total ‘patch loaa ﬁryﬁéﬁ&ted-
 ”5another way, all ofher thermal lnputs would have to 1ncrease o
‘by 55 5% in order to use. up the-margln.

‘~a46 5 : Solar Exposuse

If the cooler sweeps through the sun durlng acquisition,
~both the patch ‘and. radlator will he Drotected by the shield/cover.
x;””hguggposure 15 the;efore limited to the (horizental) shield
.¢o§Er (wﬁich is in a vertical position during storage). The
-deat”cgse-is;when-the $un'sweeps through a plane perpendicular
to.the'piané.of'ﬁhe shield cover. Even then, as shown by the

£ f§i1owianana1ysisf the shield cover has a worst case average

‘Eemﬁeraﬁﬁxéidf-only ~0.5°C and a worst case maximum of -0.2°C.

‘During this period, the cooler temperature willthen be regulated
at 40°C by the outgassing power circuit.
We may treat the shield cover as thermally isolated from

the instrument. Its thermal balance eguation is then

Sp _ _
. TG a7 . )
¢ T &+ % 7 aE = - H, (£) 4 W, + ae W

=16

wfture margln 1q 10 lK at the 105K control po;nt The corresponding o



1 Pat:ch Temperature Range
m(ace) 1 (chamber)
96.7 . . g | . .. l. "géos

943 | 97.2

. Table '6.4~2 Other Patch Parameters
 oamAw e os9x,  0.31%/m0 @ 105K

. ‘Nominal margin ©  10.1K, space; 7.2K, chamber

.. ‘Maximum margin. = 12.2K, space; 9.5K, chamber

© mMinimuw margin . 8.3K, space; 5.4K, chamber

ey

6~=17




where € = 0.72 is the emissivity of the cover and o = 0.08 the

solar absorptivity.

The cover is treated as a plate of thickness

8, density p, and specific heat c. Hs(t) iz the solar irradiation

ag a function of time. For the sun in a plane perpendicular to the

radiator, HS{t) is a train of cosine pulses given by

2

Hs(t) =

m

SQ [ 1/2 &+ Re X ¢, Xp (?WHta

n=1
whers S0 is the solar constant, Re is real part of, and
"l(ml}nfz
Cl = 7/4, Cn = n2 -1 FPn=2, 4, 6 . . .
27D, 1 - R
W = 5 ¢ = frequency of rotation (0.5 rpm).

n

a

is the maximum reflected solar exitance. EGE

W, is the infraved exitance of the earth (Section 6.2.1), and W&m

is given by {(Appendix

el

I to part I of the Final Report on Contract NAS 5-~10113, Dec. 1967}

L ~8TN

sin Bé 5

8 o
=3

where & = 0.4 is the average solar reflection fac -or for the

earth.

The worst case orkit is then BS = 670, so that we lLave

9 -2

W = 4.86 x 10 W&m

rm

The steady

4
eguation is @T o =
temperature of To =

about I, Wwe may now

state solution to the above differential
o

TE 5o and yields the average radiator

272,78 - -0,5°C. For small temperature changes

linearize the eguation by means of T - T, * W




and extract the eguation of the transient sclution
3 d_{AT)

————— 20, s
45To AT + a dt e S, Re p> Cn exp (jwnL)
where a = ﬁpc/e. The solution is
: a8 C, exp (jw_t)
AT (t) =-———-Ja—§~ Re I I n__
ZﬂceTo 1+ jwnt
3

where T = aféoe@c is the thermal time constant. ¥For a 0.03 inch
aluminum plate {(p = 2.7 gms/cm3, c - 0.895 joules/gmoc), we obtain

T = 10.34 mins. Taking the real part of the sum, we obtain
S Cc

. ® R T sin w_t)
AT(L) = 3 z 2 2 (cos w, t O n‘°
4ﬁG€TO n=1 1+ wn T "

The maximum value of AT(t) occurs at ¢ = 0.19 P when £t = 0 is the

point of zero solar incidence angle. The resultant value is

AT = 0.29%C
The peak difference from average is reached about 55° of rotation
afier normal incidence and is veﬁy small compared with the average
temperature., The maximum temperature, in fact, is only —0.20(:o

6.6 Anti-~Contamination Provisions

The radiant cooler is designed to prevent optical or
thermal contamination by either the cooler components themselves
or by the instrument/spacecraft atmosphere. Specific provisions
are (1) conditioning and de~contamination, (2) elimination of
internal outgassing paths, and (3) positive protection of sensitive

areas.

-




Ta outgés the cooler and prevent condensation of
external contaminants from the instrument and spacecraft,
the cooler will ‘be heated to approximately 40°C for an extended
period after acquisition. The same heaters will be used for any
subsequent decontamination. The times required for a complete
decontamination and for the cool down to operating temperatures
are estimated in DIR No. 19. The cooler will be outgassed with
the shield/cover closed and decontaminated with it open. In the
open position, we require a power level of 14,0 watts on the
radiator and 6.4 watts on the patch to achieve a 25°C temperature.

Internal oubtgassing paths are eliminated by windows that
seal the openings between the instrument and radiator and.between
the radiator and patch. The volumes within the cooler can outgas
only by paths that lead directly to space.

To provide positive protection for sensitive areas, the
window on the radiator is heated a nominal 8K above the radiator
temperature and protected by a ¢old trap at the radiator temperature.
The design and analysis of the window heater is covered in DIR.
No. 15. The optical elements on the patch and the low emissivity
rear areas of the patch are protegted by a cold trap at the patch
temperature.

6.7 Optical Port Loading

Three thermal tests were run on a feasibility model c¢ooler
and two tests run on the BBM. These tests were used to establish
a mathematical model for the loading from the ophical port opening
onto the radiator and the patch. The opening is shown schematically
in Figure 6.7~1. This is the configuration of the instrument £inal

design.
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6.7.1 Qptical anding~dﬁgﬁhe_gadiator

¢ The optical loading on the radiator is

= ey a : - i )

where A, egquals w rlz and P, is the fraction of room temperature

radiation passed by the inner window. For an inner window of

Irtran 2, P, is about 0.5 (corresponding to a cutoff wavelength
of 14 um). The emissivity of the opening is 0.9 in the instrument,
where an outer germaﬁiﬁm window is added. Using the data given

in Figures 6.7-1 and 6.7~2 plus Table 6.7-1 and 6,7-2, we obtain

~ the calculatéa'opticai pérﬁ‘lﬁaaings on the radiator in the f£inal

instrument design are then:

: _ o — .
'Qér (Th = 20°C) = O.ZS?W
— Op —_
@or (Th —.25 L) = 0.275W
e Q. —
Qor (Th = 35%C) = .,313W

6.7.2 Optical Loading on the Patch

The optical port loading on the patch consists of inpuks
from the instrument and the radiator. We will restrict the
radiator input to that from the inner window itself; radiation
at the radiator temperature (ie., the cold trap) is efficiently
abgorbed in the window. The input from the instrument to the

patch is given by
4

®13 = & T, PaTy Fap Y3 Ag
where T, is the transmittance of the inner window for greybody
radiation at the temperaturé'Th, Y3 is the effective aborptivity

of the patch opening.
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Optical elements
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Instrument Radiator
Opening Opening
Germanium Irtran 2
Figure 6.7-1 Characteristics of the Optical Opening to the
Radiant Coole.~ (Dimensions in Inches)
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Figure 6.7-2 Optical Opening to the Radiator
in the Instrument (Dimensions in Inches)
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Table 6.7-1 View Factors and Blockage Within the Optical Opening

Fag = 0.875
FBl = 0.319
1

Table 6.7~2 Temperatures Within the Optical Opening
(Instrument Test)

Instrument Radiator Patch
- o o .
207c, 35°C 173.6X"° 105K (b)
18L.7K
259, 20°C 178.68 | (&)
{ 1’;978.13’.

{(a) Heated Window

(b} Contrel Point

- : 6-24




The effective absorptiViﬁy-TB is given by
. . R

YB S 063 + (4 "'0L3) Py F—33r C43 + {1 -053} b4
92.2 (?33r)2 C¢3 4 " 0
Y, = O3
(1 -0g) Fau'

1 ".pz

where o, is the actual absorptivity of the patch opening, Py

is the (specular) reflectance of the inner window, and Fay' is

the view‘factor from the patch opening to its own gpecular image

in the inner surface of the window., The value of Y3 was experimentally
determined from; a theoretical model of o, is described in Section
6.7.3.

The input from the inner window attached to the radiator

is given by

¢ 4

23 = 7 €2 F3z2 Y3 23
The window temperature Tw is equal to the radiator temperature

plus 8K. For an inner window of Irtran 2 and for greybody radiation
in the range from 160K to 175K, the window emissivity €y is
approximately 0.6 and the window reflectance 92, approximately 0.2.
Using the theoretical Oy value of 0.675 (Section 6.7.3) and test

values for Po (0.1}, and F33' {(0.743), the theoretical value of ¥
_ 3

is 0.692. The experimental y; is 0.773 and is based upon test data
from a feasibility model cogler.
Using the experimental value for Y3 and the instrument

parameters ligted in Figures 6.7-1 and 6,7-2 and in Tables 6.7-1

7 and 6.7-2, we calculated ¢0P.for the final instrument. The results

- are given in Table 6.7=3,
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6.7.3 Absorptivity of the Instrument Patch Opening (Theoretical:

Hodel)

To complete the consideration of optical port loading, we
congtructed a theoretical model for the ahsorptivity tq of the
patch opening in the instrument cooler. A view of the patch

opening as seen from the inner window is shown in Figure 6.7-3.

,TheiarEa—h] cccupled by the Channel 3 spectral filter and its

specular image b, in the infrarved dichroic are effectivély black.

Thus in area bl' some radiation is abgsorbed in the Channel 3

filter or transmiitted by the L£ilter and absorbed in the cawvity

below; the remainder is reflect to b,, wher. it Is elther absorbed
or transmitted by the dichreoic and absorbed below.
The effective absorptivity of the area d (dichroic minus
area hzj is dgven hy
]

&g = og + {1 “ﬂd) ag’

where Ry = actual absortivity of area d = 0.4

1
s = effective absorptivity of gold baffle g

This equation assumes that radiation not absorbed ox transmitted by &
{the fraction ad) is specularly reflected to the gold bafifle. The
value given for o5 is an estimate for the infrared dichroic on a
germanium substrate. Thus for radiation at the instrument temperature,
opnly about 0.5 is transmitted through the inner Irtran window. For

a dichroic with a separation wavelength of 9.0 um, about 0.4 is
transmitied and therefore absorbed. For radiation at the radiator
temperagture, abouk 0.2 of the total is reflected if the dichroic

reflects over thée bhand from 9 um to 16 um. IFf the dichroic has
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g =  Gold Baffle

by - Opening For Channel 3
bz - bl neflected In Dichioic
d = Dichroic Minus b2

Figure 6.7-3 Top View of Optical Opening on Patch
{Note thzt the model applies to the
breadboard model used in Test 4.)
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the properties of a germanium substrate beyond 16 um, the
remaiﬁing fraction of 0.8 has:an absorptivity equal to ap~
proximately 0.47, the transmittance of the substrate. The
value of g for radiator emission is then 0.8 x 0.47 or about
0.4. |

In order to calculate the effective g?Scrptivity_ug, of
the gold baffle?-ﬁﬁ assumad:that ﬁhe;golaAis in the form of a
diffuse gold plating. We then have a

[
a,' =g + {3 mmg} 7 o + B

.+ R
g g g9 g gbl

gb2

where Oy is the infrared absorptivity (0.035) of the gold plating

and Fij is the view factor from area i to area j. This equation

T
can be solved for ag ; we then have

+ F

@ 4+ (L =a.) ¥
g cbl gb,

o - g + ng {md + <L e Fap )

- - + -
1 (1 agJ ?gg ng (1 md) F

were approximated by

dg
The wview factors Fij
A,

Z Aj

This equation is strictly true only for a sphere. TFor the components

in the patch opening of the instrument, we have

A3 = 0.6386 in2 (0.9 inch diameter opening)
A = 0.126 in® (0.4 inch diameter)
_ _ . 2
Abz = a Abl = 0,178 in
Bg = TO0.7x1-a, =202 in?




2

We then have for tﬁe effective ahsorptivities

o = 0,435

i
i
[
1e,
Ve
B
i
1.

i

Finally, the value of o, can be calculated as the area-

welghted average

. ' - a' A o +A  +3  +n
R o = —— Y [+ . o
3 Ty, g ® % by by a %a

where the primes on the areas denote projection into the opening A

' 2

3

Abl = 0.041 in®

I T T e e

'L T
Agp = 0.126 in

' — 3 9 & 2
b1} qa = 0.259 in
1 )
For the abovée values of ag and ad', we then have

G = - 3.675.

=N
e
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7.1 ~Thermal Channels Calibration
Tﬁé ihfraréd ¢ali5raﬁidﬁ signal to the AVHBR is the

.differenée in éignals from a calibration blackbody of known
tenmperature and a blackbody of essentially zero exitance. The
'Zeto 1é&e1 source is provided by deep space during in-~flight
xaaliﬁxaﬁion.and by a liquid nitrogen cooled black cavity during
chamber calibration. Other calibration fe@uiremepts are listed
| in Table 7.1-1. We have interpreted the témperaéure calibration
accuracy of the chamber targets (B.b.) to mean the equivalent
tenperature accufacy Jatermined by all error sources.

7.1l.1 Calibration Accuracy

The absolute radiometric calibrationof the instrument is to
have an accuracy of % 0.5K throughout the calibration range of each
channel. Before we consider how this reguirement can be met, let's
define some terms. In particular, we can differentiate between

precision (or sensitivity) and accuracy by means of the followings:

Precision: A measurement is regarded as precise if the

] dispersion of values, i.e., the standard

deviation o, is small.

;5 Accuracy: A measurement is regarded as accurate if

the values cluster closely about the correct

value.

By accuracy of an individual measurement or cf an average

i of measurements is usually meant the maximum possible error (constant
and/or random) that could inflnence the observed wvalue, It is fre-
gquently thought of in terms of the number of significant figures

to which a value can be regarded as correct.

o raen o sy TS
IR L

i epne®

e,

Sy
t.("
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TABLE 7.l-1 Reguirements for Thermal Channels Calibration

" Inflight Blackbody

a., Measured with platinum resistance thermometers
Appropriately arrayved to adequately define the
temperature.

b. Temperature sensor instrumentation accuracy of
*0.1K.

c. To be compared with the chamber targets during
thermal vacuum calibrations.

Chamber (Standard) Blackbodies

a. Greater emissivity, temperature stability, and
temperature sensor accuracy than inflight target.

b. Absolute temperature measurement accurate to

0. 5K.
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The precision is limited by the instrument noise, i.e.,
by the sensitivity. In order to measure the noise of the instrument
and to reduce its effect on the absolute radiometric calibration,
a set of n measurements will be made at each calibration point.
The precision {or sensitivity) is ﬁhen given Ly the best estimate
of the standard deviation (see for example, D.C. Baird, Experi-
mentation: An Introduction to Measurement Theory and Experiment

Design, Prentice - Hall, 1962}.

5 = [z (x -z‘z‘?'/cn-])'} i

where x is an individual measurement and X the average of n measure-
ments. On the other hand, the standard deviation of the average
of n measurements is given by
T = ﬁ/'n;5
The influence of the instrument noise and of all other random
errors can therefore be reduced to the point where the accuracy
of a calibration is determined By the systematic errors in the
calibration target itself. This could be done during both the
chamber (Section 7.1.2) and in~flight (Section 7.1.3) calibration.
There are 10 calibration points (elemental dwell times) during
each scan of a target, and so for a 1 mimute period, we have
n = 3600.

Before we consider the errors in the calibration targets,

however, let's list all the components and procedures that can

limit the accuracy of a calibration. We can identify two major



areas, within which there may be important subareas. They
are as follows:
A. Calibration target

Instrumentation
Gradients or uniformity

Sensor
2. Temperature: Measurement

Control ({chamber)
b. HNon-blaciness
B. Electronics
a. Noise (NETD)
b. Signal processing: Digitization
Recording
(In-flight)
Transmission
Ground Processing
We will limit ourselves to errors from sources A and B.a. We
are therefore assuming that the experiment is so designed that
the errors contributed by B.b. are negligible by comparison.

If the difference in surround between chamber targets can
be made zero or very small, the non-blackness errors will be
greatly reduced and the accuracy of the calibration limited only
by the errors and uncertainties in the calibration target tempera-
ture. Accuracy estimates for the chamber calibration are given
in Table 7.1-2 and for the in-flight calibration in Table 7.1-3.

We see that we have met our cobjective of 0.5K for the
total channel calibration error throughout the temperature range

of both channels.* TIn addition, the total in-flight error at 295K

* We have arbitrarily set the lower limit in Channel 4 at 250K,

where the noise equivalent temperature difference is approximately
1K.
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Table 7.1-2  Accuracy of Chamber Calibration

Temperature:
f%ééﬁsor
Measurement .ﬁ .Instrumentation
| ( Control

“Gradients' base (uniformity)

Hdneycmmb (1K) *

{ Diff from box (£1K)*

Wall ﬂ
k-Gradient within (5X)*

Accuracy (max of errors -+ uncertainties)
Hon-blackness
Net from standard-cold space difference

{10X difference in surrounds):

Channel ' T
3 185K
3 320
4 250
4 320

Total accuracy (including noise for n = 3600)*%*

Channel T
3 185K
3 320
4 250
4 320

* pactual value of gradient,

*% Based on specified NETD of 0.12K at 300K.

£0. 05K
+0.05
+0.05
+0.10%
+0.06
+0.0026
+£0.00045
0.32K

62

T
+0.018K
=(.046
+0.027

~0.018



Table 7.1-3  Accuracy of In-flight Calibraticn For T = 295K *

-Témperaturé:
. ) {"Sensor +0.05K
Measurement 4
i Instrumentation +0.10
| - . Base +0.08
Gradients 5
; Honeycomb (1X) +0.08
+0.31
Non-blackness:
Channel § T
3 -0.080
4 “'0 .029

Total accuracy (including noise for n = 3600)

E | Channel 8§ T
3 0.39K
4 0. 34

“* pxclusive of errors from scattered sunlight (Section 3.11)
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has a comparable value when the calibration is made in the
absence of direct sunlight (See Section 3.11). 1In the following
sections, we consider in detail how we obtained the estimate
listed in Tables 7.1-2 and 7.1-3,

7.1.2 Chamber Calibration Targets

Errors and uncertainties in the exitance (emitted Wem 2

)

of the calibration target arise from its temperature inaccuracies
(Section 7.1.2.1) and its deviation from blackneés (Section
7.1.2.2). Because a calibration signal is equal to the difference
in signals from a caliﬁration target and a cold space target,

the inaccuracy from non-blackness is greatly reduced by making the

two targets the same form and exposing them to the same surround.

7.1.2.1 Temperature Uncertainty

The accuracy of the calibration target temperature is
limited by measurement etrrors, control stability, and gradients.
The uncertainty in a temperature measurement relative to the
international practical temperature scale (IPTS-68, which is
essentially identical to the absolute thermodvnamic temperature
scale) is :0.10K. About half of this is the calibration accuracy;
the remainder is produced by the sensor, bridge, and power supply.
The latter produce errors that are largely random in nature, as
do the readout device and temperature controller. The readout
device introduces an error that can be kept small, about #0.01K
for an integrating digital voltmeter. The stability of the

controller is about +0.05XK.



The base gradient or uniformity can be held %o t0.10K.

We have included this variation as part of the calibration
error. In fact, the base temperature will be measured with

an array of calibrated platinum sensors. The average of this
array should then provide a measurement whose gradient error

is less than the actual gradient. The gradient through the
honeycomb can be estimated from the measurements on a similar
target (A. R. Raroli, J. R. Rickey, and R. E. Nélson, Appl.
Opt. 6, 1183, 1967). The honeycomb gradient was 1.6K in a 290K
target that had a view factor of about 0.5 to a warm surround at
25%¢, If the target temperature were reduced to 210K, the
gradient would increase to about 2.5K. However, the view
factor to the warm surround is reduced to 0.2 in our design,

so the gradient is about 1.0K.

Moreover, the corresponding increase in the radiance
temperature is much less than the gradient because most of the
normal emission comes from the base and walls near the base.
When the instrument views the calibration target at normal
incidence during a calibration, the nominal cavity emissivity of
0.999327 (Section 7.1.2.2) may be divided between the base honey-
comb and the cavity walls. For the nominal paint emissivity of
0.92, the base has a normal emissivity of 0.896696. Therefore
0.002631 of the normal cavity émissivity arises in the cavity
walls (and is seen by reflection in the base). The emissivity
of the base may, in turn, be divided among emission from the

base bottom, the flat top area of the honeycomb, and the walls
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of the hoheycomb. The fraction of flat area of 0.025, so that
the emissivity from the top is 0.22 x 0.025 and from the bottom,
0.92 x 0.975. The remainder of base emissivity, 0.996 6925 ~ 0,92 =
0.076 696 arises in the sides of the honeycomb. We will assume
that the walls of the cavity emit at the bottom temperature of
the bzse and that the base bhoneycomb sides have an exitance equal
to the average of the basebottom and honeycomb f;ats. The effective
exitance M of the target seen at normal incideﬂce is then

0.999 327 M, = 0.061 348 M + 0.937 979 M,
where I denotes base flats and B base bottom. Now a calibration
temperature will be the measured vzlue of the base bottom B, In
both Channels 3 and 4, we find thag é.honeycomb gradient TF-TB =
1B results in a calibration error TE -7, = #0.,061K (see Table

B
70]._6 in SECtiOI'l 7.1!2.2).

The temperature errors introduced by deviations in the
cavity wall temperature were analyzed for Contract NAS5-21651
(HIRS for Nimbus F)*. This analysis shows that the wall tempera-
ture deviations (difference from the base and internal gradient)
introduce a temperature uncertainty of only about *0.003K. As
a result, the total temperature uncertainy in the chamber target

is approximately 0.32K.

7.L.2.2 Deviation f£rom a Blackbody

The uncertainties in the calibration of the instrument

are expressed as absolute temperature errors in blackbody sources

*Memo from R. V. Annable "Deviations in the Wall Temperature
of the Chamber Calibration Target", dated 6~28-72.




within the calibration range of each channel. The principles

and practice of absolute radiometry are explored by R. E.

Bedford and A. R. Karoli in Volume 14 of Advances in Geophysics

(Precision Radiometry, ed. by A. J. Drumnond, Academic Press,

1970). We have already coversd the uncertainty in the temperature

of the calibration target (Section 7.1.2.1). We now wiéh to
consider the uncertainties produced by non-black calibration
and cold space targets, 4

The real problem here is not the small decrease in
target emission below that of a blackbody, but the reflection
of the higher temperature surround. The calibration target

consists of a honeycomb array with a length to width ratio of

4:1 (or its emissivity equivalent in another geometrical form)
housed in a tube whose length is equal to the aperture diameter
{Figure 7.1-1). The tube is covered'on its inner wall with a
honeycomb array whose length to. width ratio is 2:1. In this
way, we obtain a second, large cavity in addition to the array
of small cavities. It is also equivalent to controlling a
large fraction of the target surround. The tubular enclosure
must not be thermally attached to the base calibration target;
this would induce significant thermal gradients in the target.
In addition, the cavity mouth and base must be sufficiently
large that only the base is seen by the instrument during a
calibfation.

Because a calibration depends on the difference in
signals from the calibration and c¢old space targets, the accuracy
{"& can be further increased by making both targets in the same form
R and exposing them, as nearly as possible;, to the same surround,

We have an estimate of the residual non-black error based on a 2-10
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calibration target surround of 293K and a space target surround
of 283K; it ranges from +0.018 to -0.046K in Channel 3 and from
0.027 to =0.016K in Channel 4.

The Béée of the calibration target is in the form of honey-

comb cavzty arxay in which the caviities have a length to width

- ratio of 4:1 (&L R. Karoli, J. R. chkey, and R. E. Nelson, Zppl.

th. §,.;;§3_(l967)). A alngle cav;ty may be approximated by a

cylinder whose emissivity is given by (P. Campanaro and T. Ricolfi,

 J. Opt. Soc. 2m. 57, 48 (1967).)

2 . ,
= po:- N SRY S
e € +[ Z s 42 ) ]
- f')z az : r;:'l' 2
2 az
1
(L + — }*
e o
where o = ratio of height to radius
€ = normal surface emissivity
p = hemispherical surface reflectivity

Por high emissivity materials, the normal and hemispherical emis-
sivity are nearly egqual (m. Jakob, Heat Transfer, Vbi. I, Wiley
1949, Se¢tions 4.9 and 7.2) and p is nearly equal to (1 -g).

The flat area of the array is about 2.5 percent of the
total source area. The effective normal emissivity of the array
is then

Ea = 0.975 € + 0.025 ¢




_ phe bca emuj31v1ty of’the'caV1ty array.

7

*he formula of Companaro and Rlcholfl for the normal

emL351V1ty of a cav1ty 1n the array can also be used to calaulate

. the amL531v1tyof the 1arge cyllnder (d. &., the complete target)._

-The caV1ty array normal emmss;vzty becomeq the'wall.em155lv1 Ly

This can be calculated

'jfrom the 11m;t1ng value formula ox Treuenfels EJ. Opt Scc. Am.

53 1lis2, 1953) or interpolated from the results of Sparrow

and Cess (Radiation Heat Transfer, Brooks/Cole, 1966, pp. 164~165).
However, wﬁéﬁ_ﬁhe.cavity array normai emissivity and hemispherical
reflectivity are used in the formula of Companaro and Ricolfi,

we find that the ndxmal emissivity'of the cylinder exceeds unity

even for an initial surface emissivity as low as 0.89.

To overcomefthis.prcblem, we will use the formula developed
by Bauer and Bischoff (appl. Opt. 10, 2639, 1971). For a cylindrical
cavity with a plane bottom perpendicular to the axis, they obtain

a normal reflectivity of
-1

P =p

-1 2
c (1 -p)”" 1+ (1/R)

o
where Po is the normal reflectivity of the inner surface and

L/R is the length to radius ratio (¢ in the formula of Companaro and
Ricolfi). According to the nomenclature developed by Nicodemus,

et. al. (Appl. Opt. 9, 1474, 1970}, Po is the directional-
hemispherical reflectance for normally incident f£lux, that is,

the fraction of normally incident flux that is reflected into

a hemisphere. It is also egqual to the hemispherical-directional-

7=13
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reflectance for ndrmally inci&Ent flux, that is, the fraction

.  " of normally lnclaent flux ﬁhat ls reflected into a hemisphere.

& _ ; Euqation (1} ms based on experxmental measurements and
holds fcr large value 0f o, the range of validity depending on
the value of P However, it yields a conservative result at

all values of o, i.e., the calculated value of P is always

‘greater than or equal to the experimental value. To begin
‘with, we applied the equation to the cavity array in which
- 2.5 percent of the area is £lat. The results are given in

- Table 7.1~4, where they are compared with those from the equation

of CDmpanaro and RlGOlfle We will assume the surface emigsivity
has a_nqm;nalqvalue of 0,92,
' The normal reflectivity py Of the complete target can

now be calculated from equation (1) by setting oy = 1 - The

AC
space in the chambeyr limits the o value of the large cylinder to
2:1. The measurements of Bauer and Bischoff (op. ¢it.) show that
the actual reflectivity will be less than that calculated from

the forimula because of the relatively low value of a. The results

fﬁﬁ.the]dbmblete taxgét ére given in‘Table 7.1-5 at four wvalues of the
,lnltlal surface em1551v1ty £ when the wal Ls. a1$§ have an L/R ratio

'ofsz..

7- 14
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N E
surface

0.89 -

0,92 

Table 7.1-5

0.89
0.91
0.92
0.93

il mable 7,1-2 Normal Emissivity

B&B
0.99 6
0.99 6
0.99 6
0.99 7

, Fractién of flat area

L/R ratio of cavities

of the Honeycomk Cavity Array

€a
C&R

396 0.99 5 4r1
266 0.99 6 304
696 0.99 & 726
121 ' 0.99 7 145
= 0.025 '

= 8.

Normul Reflectivity of In~Chamber Tardet With

4:1 Honeycomb Array on the Base and Walls

PN
0.000 925
0.000 750
0.000 663

0.0600 577
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If we neglect multiple reflections between the wall
and base of the cavity, we can write the cavity emissivity as

Ey = €y t A €4

where b = base, w - wall, and a is a constant. For 4:1 cavities

on both the base and the wall, we have

_ I3
&= -1 = 0.002 050
h

If the 4:1 honeycomb on the walls is replaced with 2:1, the wall

emissivity is reduced to 0.993013. Using the same value of a,

the normal cavity emissivity is then reduced to

ey = 0.996 696 _ 0.002650 % 0.993013 - 0.8%99 327

Now the deviation of €y from unity produces an apparent

change .n the target radiance given by

M = (1 -aN) (MS -Mt)

where M is the blackbody exitance and the subscripts s and t
denote surround and target, respectively. If the change in exitance

is small, the corresponding change in effective blackbody temperature

is given by
M
DM/4aT

0T =

The values of M are given in Table 7.1-6 for Channels 3 (4) at
temperatures in the range from 185K (250K) to 321K, The values

of 6T at representative temperatures are then as follows:

Channel T T
3 185K 0.229K
3 320 -0.0164
4 250 0.0903
4 320 0.0118
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Again a calibration depends on the difference between
the calibration and space targets, and we can further reduce
the non-black errors by constructing the targets in the same
geometry and placing them in surrounds as identical as possible.
In order to estimate the residual error after taking the dif-
ference between targets, we will assume that the calibration
target has a surround at 293K and the space target, a surround

at 283K. The relative net ervor in terms of blackbody radiance

is then

. -1

M, = _3,7413 x 10° 1.4388 x 10° .
A° AT

2 ] - — - -y wes
M = gy M, b (L -ey) My (1 = ep) M, =~ M
20 -
%M = (L-ey) 0L M, M)

where sl denotes the surround the calibration target and s2

the surround of the cold space target. The corresponding

errors in blackbody temperature are given in Table 7.1«7 for the
representative temperatures.

7.1.2.3 8Surround Difference Measurement

In order to verify that the space clamp target and
calibration target are exposed to the same surrounds, it was
suggested early in the AVHRR program that the two targets be
switched in the chamber. This would show if surround reflections
were contributing any error to one cr the other target. A simpler
check can be done by simply comparing the channel 4 signals

when it views each target. When the calibration target is run
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| § Table 7.1-6 In-Band Radiant Exitance

T (K) (Emitted W cm %)
Channel 3: 185 1.973 x 1074
186 2.047 x 1072
283 2.304 x 1073
293 2.703 x 107>
295 2.787 x 107>
296 2.829 x 1073
300 3.003 x 1073
301 : 3.048 x 1073
320 3.962 x 1073
321 4.013 x 1073
Channel 4: 250 " 4.174 x 1078
251 4.436 x 1076
283 2,479 x 107°
293 3.931 x 107>
295 . 4.295 x 107
296 4.481 x 107°
300 5,331 x 10°°
301 5,561 x 107>
320 1.183 x 1074
4

321 1.228 x 10

mable 7.1-7 Net Non-Black Calibration Erroi
2

Channel . T g7

’(v 3 1B5K 0.0184 K
ihﬁ 3 320 -0,0464
4 250 0,02686

4 320 ~0.0156




to 175K, its exitance is below the noise level of the AVHRR
in Channel 4. If the output of Channel 4 is then, the same
when viewing the cold space target, we ¢an assume that the
surrounds are not influencing the accuracy of the calibration
in the thermal channels,

Table 7.1-8 shows the calibration data taken in channels
2 and 4 of the ETM on October 6, 1975, The baseplate temperature
is +30°c. The data shows that in channel 4, the cutput is identica
when viewing the cold space target and the calibration target. As
expected the channel 3 output shows some signal from the calibration
target at 175K. |

From this we conclude that there is no significant calibra-
tion error introduced into the thermal channels due to surround
differences.

7.1.3 In-Flight Calibration Target

The in-flight calibration is provided by views of the
internal blackbody at the housing temperature and of the zero
level signal at deep space temperature.

7.1.3.1 Temperature Uncertainty

The temperature measurement error is #0.05K from the
sensor calibration and #0.10K (specified wvalue) from the
instrumentations. Additional temperaturs uncertainties arise
from the gradients within the internal target. The nominal gradient
across the base of the target is #0.08K, as determined by the
thermal analysis of the instrument. The effective value of

this gradient will again be reduced by using an array of
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CHANNEL 3 OQUTPUT - CHANNEL 4 OUTPUT

RS Cal. Target Cal. Target Space Cal. Target Space

Tamp. Signal Signal Signal Signal
K mvolts mvolts myvolts m volts

| 320 760.0 6187.5 931,2 6256.8
;f 315 1112.8 6187.5 1879.0 6256.5
: 305 1769.3 6187.1 3357.1 6257.1
295 2349.6 6187.5 4325.6 .  6258.1

g 285 2878.4 6187.5 5035. 6257.1
: 275 3438.4 6188.1 5495, 6258.1
. 265 3893.4 6193.7 5822.8 6263.7
i 255 4284.3 6193,4 5007.1 $264.0
7§{” 245 1636.2 6193.1 6123.4 6263.7
- 235 4960.3 6193.7 6189.3 6263.1
- 225 . 5225.0 6193.7 6230.0 6264.6
f 215 5450.6 6193.1, 6247.5 6264.0
; 205 5641.2  6192.8 6254.0 6264.0
. 185 5906.2 6193.4 6259.0 6263.1
175 5993,7 6193.7 6264.6 6264.6

TABLE 7.1-8 ETM AVHRR CALIERATTION RUN SHOWING

SURROUNDS EFFECT
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calibrated platinum sensors to measure the base temperature.

The worst case honeycomb gradient is 1.0 (DIR No. 18). Follow-
ing an analysis similar to that given in Section 7.1.2.1, we
find that the corresponding uncertainty in radiance temperature
at normal incidence is 0.08K. The total temperature uncertainty
of the internal inflight target is then 0.31K,

7.1.3.2 Deviation from a Blackbody

The internal target has a normal emissiviéy of 0.995 when
coated with a black paint whose emissivity is 0.92. The deviation
Erom a blackbody reduces the signal from the target itself but
introduces an additional signal from the surround. To obtain
the most accurate calibration of the internal target, we would
have to compare its signal with that of the more accurate chamber
target when the intermnal target is in the range of surroundg en—
countered in orbit. The worst case non-blackness errors is shown
below to be about 0.08K in Channel 3 and -0.03K in Channel 4.

The internal calbiration target is in the form of a honey-
comb cavity array in which the length to width ratio is 4:1.
Specifically, the basic material has a thickness of 0.001 inch and
a cavity width (distance between £flats) of 0.060 inch., Each
cavity has two walls of its own (where the joined material has
a double thickness) and four shared walls or a total of four.

The ratio of flat totectal target area is then
42y

A, * 4 Aw
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where AW is the top area of a wall and Ac the area of a cavity.

If w is the distance between flats and t the thickness, we then

have
By = e (7 =)
V3
A, = 2VT (<172 > w ~t)2

whan the cavity openings are in the form of hexagons. For
the above dimensions, the ratio of flat to tokal surface area
is 0.045, and the normal emissivity is given by

€y = 0,045 <+ 0.955 €q

where ¢ is the emissivity of the black paint and € the normal

emissivity of the cavity.

The value of Eq can be calculated from the formula of

ooy mon, b amee
N e N N T

Bauner and Bischoff (Section 7.1.2.2). The results are listed

in Table 7.1-3; the paint emissivity is 0.92.
In the case of the in~-flight target, the anon-black
temperature error is given by

8T = SM
am/ar

where dM/aT = 4.263 x 10™° Wem 2 X T in Channel 3 and 1.859 x

3.0-6 ?\1‘(::m'-2 Kﬂl in Channel 4 for a target at T = 285K. The

apparent change in target radiance M is given by

M = (1 -e F M_ - (1 =-F

N) te e X

ei) Mg
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where F 'b view factqr £#§ﬁ.target to earth = 0.21

P »=r,»vi8ﬁ'factdr from target to instrument = 0.741

=
]

infrared exitance of earth
?_ M, = infrared exitance of the target and instrument
The view factors are taken from the thermal analysis of the
instrument; they are the values when the instrument is viewing
the internal target. As a worst case, the we wi;l assume the
earth is at its minimum temperature of 185K.* 6sing the exitance
values from Table 7.1-6 and the target emissivity of 0,985 122,
we obtain |

8T (Channel 3) = =0,080K

6T {(Channel 4) = =0.029K
for the non-blackness errors in the inflight calibration at

T = 295K,

7.1.3.3 Scattered Sunlight Error

Depending on its location on the spacecraft and the orbit
normal to sun angle (BS), the in-flight target may be exposed to
direct sunlight during the nightime portion of the orbit. The
diffuse reflection of direct sunlight from the target can produce
a significant error in the calibration of Channel 4; this subject

is covered in Section 3.11,

* The corresponding exitance in Channel 4 is 1.944 x 10_8 WCmﬂz.
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8.0 THERMAL DESIGN

The ﬁhérmal design of the AVHRR Instrument was described
in Dir #38 on the pages which follow. The validity of the thermal
design was established during Solar Simulation Tests performed at
NASA/GSFC using the ETM.

The Thermal Interface Drawing for AVHRR is given in

Figure 8-1 (page 8=19).



Fort Wayne, Ind. 46803
R. H. Foote (219) 423-9636 - TWX 810-332-1413

' _ AEROSPACE/OPTICAL
{ DIVISION
2—— 3700 E. Pontiac Street
To:

From: J. D. Crawford, 0 Date: April 13, 1976

Subject: DIR #38 ©Final Thermal Model Analysis

CC: R. Annable, T. Diederich, C. Soest, J. Stark

Summary

The analysis of the AVHRR thermal model has been com-
pletsd. ghis analgsis has included orbit normal to sun angles
of 07, 287, and 68" which correspond to the warmest, cooclest,
and extreme orbits. Worst case studies were made within each
orbit with the warmest orbit being analyzed with maximum solar,
earth IR and albedo inputs; surface finish maximum alpha and
minimum €; and gsod attainable insulation blanket. The coolest
orbit was the 68~ orbit which was analyzed with minimum solar,
earth IR and albedo inputs; surface finish minimum alpha and maximum €
and a not too good insulation blanket. Studies were made with
the instrument electronics "on", "Off" and "off - with make-up
heaters."

The radiating area of the baseplate, node 50, was trimmned
to .35 ft? resulting in an effective louver & of '
.44 for the warmest nominal orbit. This same area resulted in an
egfectiveolouver e of between .32 and .26 for both the nominal
0° and 68 orbit. Worst case studies foir the hot orbit indicated
that the maximum louver & would be .45; while the worst case

study for the coldest orbit indicated that the louver effective ¢
would be .16.

Analysis of the worst case off instrument for heater size
indicated that for the coldest orbit 22.8 watts wereorequired to
maintain an instrument baseplate temperature of 14.6°C.

Procedure

The thermal analysis for the TIROS-N AVHRR has been performed
with the 100 node BAN program supported by view factor, projected
area, flux calculations and summation programs. A preprocessor
was also used to prepare the data formats for the view factor and
projected area programs and also to be data for computer plots. A
list of the nodal designaticns is included in Table I and Figures A
and B show the relative node location.

The solar input and albedg inpgts were calculated for 10°
crbital steps throughout the 0, 28~ and 68 orbits. Those values
were then summed and averaged to get the steady state orbital
average value. The solar constant used was 429 B/h Ft2, the IR
! flux value was 75.15 B/hr Ft? and the albedo used was .30. Values
e for ¢ and € are listed in Table IIA and Table IIB and include the
range of values expected for the listed materials and nodes. The
values for the internal power are measured values and will not change 8-2
by any significant amount.



Conduction Couplings

A1l conductive couplings are calculated from dimensions
_taken from detail drawings. The value for the conductivity of
the couplings is listed in Table III. Conductance through joints
- ds used for all applicable joints and assumed to be a nominal 72

‘Radiative Couplings

" the radiative couplings were obtained from calculated and
estimated view factors and calculated areas. Where the configuration
was repetitive, a view factor calculation program was run to get
the necessary facdtors; if a particular shape appeared only once,
its value was estimated from & shape factor graph. Block F's were
used in this simulation program. Since all of the intermal emis-
sivities were relatively high, a product was used rather than the
effective emissivities.

Scan Mirror Modeling

The view factors for the scan mirror and cavity areas were
obtained by calculating the view factors for ten mirror positions
and averaging these values. 8olar, albedo and Earth IR inputs to
the scan cavity area were calculated with no mirror blockage and
then 50% of the flux was assigned to the mirror (25% each to front
and back) and 50% to the scan cavity area in question. While these
assignments are rather arbitrary, they are better than assuming no
mirror as in previous models. :

Nominal Case Analysis

The AVHRR instrument was thermally designed to the nominal
solar input and surface finish wvalues of the 0, 28 and 68 degree
orbits (orbit normal to sun angle). Active thermal control is
maint%ined by using louvers to maintain a nominal IMP temperature
of 15°C with an effective emissivity of between .26 and .45. This
range of effective louver emissivity was obtained by using a silver
teflon surface on the plus velocity electronics surface and trimming
the base radiating area - node %0 - to .35 £t2?, All other exposed
surfaces, except insulation surfaces, have black surfaces to minimize
scattered light. The insulation surfaces consist of an aluminized
Kapton outer layer with 10 layers of multilayer insulation.

Table IV is a listing of the nodal temperatures and emissivities
for theg nominal case orbits and a radiating area of 1.26 ft2., 1In
the 28" orbit the warmest ingtrument node temperatue in the 15 volt
regulator board which is 37C  _and the remainder of the instrument
temperatures range down to 7C in the e%ectronigs baseplate area,.
The insulation blanket ranges from -99C~ to 40C~. These temperatures
arz maintained with an effective emissivity through the louver of
44,
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"ug,~zq;£hg-qalﬁét#qrbitsﬁ(og and 68°) the warmest electronic
temperature is,aggin the 15 volt regulator and the coolest
temperature isj;§“cnin”the’elecgronic baseplate area. Two
.,tempegatgres to note are the 57 C on the scan mirror when in
the 0~ orbit and the telescope temperature of 21°C when in the
68”7 orbit. The scan mirror scans through the sun each rotation
and receives maximum solar illumination with no blockage. The
temperature of the mirror will be reduced rapidly at about a 4
orbit angle due to S/C blockage. The telescope temperature changes
very slowly the incidence angle and area change are offset. by
_-the increase in exposure time. Emissivity for the cold orbits
- is between .25 and .31.

Worst Case Analysis

r

The AVHRR instrument was modeled for the worst case hot and
cold orbits using the radiation area established in the steady
state run. Worst case is defined as the range of values that
could be expected at launch - surfaces were not degraded by the
space environment. The following list defines the worst case
condition: .

Variable Warmest Coldest
. . ]
Emissivity Minimum Maximum
Solar Radiation Maximum Mindimum
Absorbtivity Maximum Minimum
Earth IR Maximum Minimum
Albedo Maximum Minimum
Blanket Conductance Best Expected Worst Expected
Power . Nominal Nominal

Simulations were run to determine if the worst case equivalent
insulation conductance was the bast or worst conductance. For
the cold orbit the worst case is the worst expected blanket
conductance, which leaks more heat to space, and the best expected
blanket conductance in wers:t case for the warmest orbit, which
leaks least heat to space. Table V listg the temperatures ando
emissivities for the worst case hot (28°) and cold (0° and 68°)
orbits. The hot orbit € is .05 below the maximum and the cold ¢
is .01 above the minimum.

Both the warmest and coldest nodes occur in the 0 degree obit,
the telescope receives no solar heating and the scan mirror is in
the sun during the entire orbit with no S/C blackage. In the 68
degres orbit the scan mirror and scan cavity are the coldest ncdes
- runaing at 127C.



Off InstnumenﬁfﬁéfStaéESE~'

he Instrument is turned off, make-up heaterg must

on to maintain a baseplate temperature of 147°C. Table

-he temperatures expected with 22.84 watts of heater

power. . Heaters rated at 15.8 and 7.0 watks are mounted on the
asépl@tefana*scénfmdﬁor;respectively. These hgaters will maintain

rror at 11°C and the telescope at 16 C.
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NODE NO.

1

O O NN e WN

10
11
12
13
14
15
16
a7
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

TABLE

-

NAME

Power Converter

+ =15V Regulator
Relay Bd 1 & 2 & 3
Patch Temp & TM
Telemetry #2

Aux Scan Logic

Scan Counter

Motor Logic

Black Body MUX

IR Post Amp
Daylight Post Amp
Ramp Calibration
Interface Logic #1
Interface Logic #2
Multiplexer

A/D Converter
Pre-Amplifer (vis)
Scan Motor

Chanrel 1 Detector
Channel 2 Detector
Electronic Box, Anti-Sun
Electronic Box, Sun
Connector

Harness

Electronic Box - Vel
Partition 1
Partition 2
Partition 3
Radiator 1
Pre-amplifier (IR)
Earth Shield, Specular

Farth Shield, Insul.
Not Used

Not Used
Not Used

MATERIAL

Nickel

P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board
P.C. Board

P.C. Aluminum

Steel
Beryllium
Aluminum

. Aluminum

Magnesium
Magnesium
Epoxy
Teflon
Magnesium
Magnesium
Magnesium
Magnesium
Magnesium
Magnesium
Aluminum
Mylar

FINISH

None

Solithane
Solithane
Solithane
Solithane
Solithane
Solithane
Sclithane
Solithane
Solithane
Solithane
Solithane
Solithane
Solithane

Black Paint

Nickel

Black Paint

Alodine
Alodine
Dow 9
Dow 9
Dow 9

Dow
Dow

Dow
Dow
Dow

O W W w W W

Dow

Specular

Silver Teflon

8-8
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NODE NO.

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

NAME

Not Used

Scan Motor Hsg
Radiator, Electronics
Scan PS

Scan Mirror Front
Scan Mirror Rear
Cavity, Sun

Cavity, A-Sun

Base Cavity

Cal Target L

Cal Target S
Bulkhead, Tele
Telescope

Bulkhead, Center
Base, Telescope

Base, Optic

Cooler Housing
Telescope Optics
Channel 1 Relay
Channel 2 Relay

End, Optics

Cover, Electronics
L.W. Relay

Insulation + Velocity
Insulation Anti-Sun
Insulation - Velocity
Insulation, Sun
Insulation, Nadir
Spacecraft

TABLE 1 (Continued)

- MATERIAL

Aluminum
Magnesium
Magnesium
Bervllium
Beryllium
Magnesium
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Invar
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Aluminum
Magnesium
Magnesium
Aluminum
Mylar
Mylar
Mylar
Mylar
Mylar

FINISH

Alodine, Black Paint
Silver Teflon

Black Paint
Aluminum

Gold

Black Paint

Black Paint

Black Paint

Black Paint

Black Paint

Black Paint

Black Paint

Alodine

Alodine, Black Paint
Alodine, Black Paint
Gold

Alodine

Alodine

Alodine

Dow 9

Dow 9, Black Paint
Alodine

None

None

None

None

None

8-9



? Sur;aca Min &'Max Min E’Max
Silver Teflon (.005) .06 - .12 .74 - .78
3 M Black Velvet .24 - .98 .89 - ,93

Black Honeyccomb Target .98 . 93
Gold Plate 032 = .36 .64 - .08
- Aluminum Scan Mirror .08 - .16 .04 -~ ,05
Kapton~Aluminized '(.003) A3 = 47 .77 - .83

Table IL A Values of Surface Finishes Used On

External Surfaces

o
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Surface -
3 M Black Velvet 21
Black Amodize : .85
Alodine .85
Nickel Plating .06
Deposited Aluminum . .05
Stainless Steel 17
Teflon .90
Solithane 113 .82

Table II B Value of Surface Finlishes Used On

Internal Surfaces

g8-1l1
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Material

Aluminum
Stainless Steel
Invazr

Synthane G-10
Fused Silica
Beryllium
Copper
Magnesium

HBeat Conductive Epoxy

Thermal
Conductivity
B/hz=in-p

10.65
2572
517
.015
067

7.04

18,92

7.48
.074

Table III Thermal Conductivity Values For

Materials Used in the AVHRR Instrument
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68°
41 2R 8§52

28°

15°C CONTROL POINT, NOMINAL SURFACE FINISHES
28

TABLE IV NODAL TEMPERATURES FOR AVHRR/1 INSTRUMENT ON,
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Fort Wayne, Ind. 46803

2B AEROSPACE/OPTICAL
(_ I T DIVISION
3700 E. Pontiac Street
To:

R. H. Foote (218) 423-9636 - TWX 810-332-1413
From: I, D Crawggr% G Date: May 6, 1976
Revised: May 10, 1976
Subject: Revised Answers to MDR Question 15

Attached are Tables 1 and 2 which list the solar
and earth inputs for the external nodes. Table 3
lists the radiant outputs for the external nodes.
These values have been updated to the thermal runs
dated 4/7/76.

/am

Attachment
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Node o NQMINAL : NOMINAL : o NOMINAL
Numbexr Description 0~ ORBIT 287 ORBIT 68 ORBIT
BTU/HR e+ e . BRU/HR. L L 15'.'.‘U/HR
_ - ER- ERTH - ALB- - - - FR - ERPH- ALB - - - - -BR ~ERTH . ALB - -
37 Scan Motoy Housing « 0 2.6 .l 3.0 2.0 <8 TN 2.6 LW3
38 Radiator Electronics .0 2.9 .2 11,3 2.9 1.1 14,8 2.9 1.6
39 Scan Power Supply .0 2.6 .3 3.5 2.6 i.1 : .3,'5‘2‘57; 2@2'?..
40 Scan Mirror Front  61.4 7.2 .5 10.7 7.2 1.9 L 7.2 3.1
41 Scan Mirror Rear 61.4 7.2 .6 10.7 7.2 1.9 I KR U
42 Cavity, Sun N S | S S O A a2
43 Cavity Anti-Sun 6 .0 .0 1.5 00 W0 .2 Lo E
44 Base Cavity .0 .0 .0 .0 0.0 .0 .0 0 a0
45 cal Target, Large .0 5.3 .4 3.6 5.3 1.5 .1 5.3 2.6 0
46 Cal Target, Small 6 4.0 .3 8.9 4.0 .8 .0 40 1.2
47 Bulkhead, Telescope 00 2.2 .2 3.1 2.2 .6 0 2,20 1.1
48 Telescope .0 5.9 .4 21.2 5.9 1.5 1.2 5.9 2.7
59 Insulation + Velocity .o 8.8 .7  39.8 8,8 1.4 414 8,8 4.5
60 Insulation Anti-Sun .0 7.9 .0 0.0 7.5 1.9 1 7.9 5,1 7
61 " Insulation - Velocity .0 12.9 1.0 1.0 12,9 3.4 .9 12,8 6.5
62 Insulation, Sun 143.6 17.6 4.1 153.2 17.6 6.8 34.3  17.6 10.0,
63 Insulation, Nadir 28.2 7.3 36.5 29.0 26.1 . 31,1 29.0 50.3
TABLE 1

SOLAR AND EARTH INPUTS FOR THE AVHRR/1l EXTERNAL NODES, NOMINAh
SURFACES FINISHES ~
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o WORST CASE COLD .
68° ORBIT
Node BTU/HR ,
Number Description ER ERTH ALB
37 Scan Motor Housing <L 2.5 9
38 Radiator Electronics 14.4 2.8 1.5
39 Scan Power Supply .3 2.5 2.0
40 Scan Mirror Front . o1 7.0 2.5
41 Scan Mirror Rear | ol 7.0 2.5'
42 Cavity, Sun .0 3 W3
43 Cavity Anti-Sun. - 2 .0 +0
a4 Base Cavity 0 .0 .0
45 Cal Target, Large .1 5.1 2.3
46 Cal Targeil, Small ‘ : .0 3.9 1.1
47 Bulkhead, Telescope .0 2,1 1.0
48 Telescope ©10.7 5.8 2.4
59 Tnsulation + Velocity  56.0 8.6 4.2
60 Insulation Anti-Sun .1 7.7 4.8
61 Insulation - Velocity .9 12.5 6.l
62 Insulation, Sun 51.7 17.1 9.4
63 Insulation, Nadir 20.7  28.1 47.0
TABLE 2

SOLAR AND EARTH INPUTS FOR THE AVHRR/L EXTERNAL NODES, HOT

LT-8




i : : : : :
&wfﬁ R g NOMINAT SURFACE FINISHEG
- o ': QROUT QroUs . groU:
Node - & - "0° oRBIT 28° orszT . 68" KB
Numbexr Deseription WATTS WATTS i
37 . Scan Motor Hbuéiﬂg 4.3 4.1
38 Radiatorx Electronlcs 3.4 3.4
38 Scan Power Supply 1.8 1.9
40 . Szan Mirror Front ' .5 3
41 Scan Mirror Rear o .9 .6
42 Cavity, Sun .5 .5
43 Cavity Antl—Sun ‘  . LT o7
44 Base Cavity L4 1.4
45 Cal Target, Large 4.2 4,2
46 Cal Target, Small 2.2 2.2
47 Bulkhead, Telescope 3.3 Coe 3.3
48 Telescope . 37 Ay
44 . L |
50 LOUVERS : 14.3 19.8
51 , : _ ' e
e EFFECTIVE e OF LOUVERS - .32 N
TABLE 3

RADIANT OUTPUTS FOR THE AVHRR/l EXTBRNAL NODES, NOMINAL AND3WORS
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9.0 TEST AND CALIBRATION DATA

Resumes of test results for Engineering Model and
Protoflight Model and DIR #40, Final Report of the Life Test
Model are given in the following pages.

For detailed test results and calibration data, refer

to
Aligmnment & Calibration Data Book,

AVHRR/1, ETM
Alignment and Calibration Data Book,
AVHRR/1, PFM

Test Report, AVHRR/1 PFM

g-1



< v

AVHRR
RESUME OF ETM TEST RESULTS
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SUMMARY OF MISCELLANEOUS® ITEMS

SIZE MAX. 31" x 11" x 15" EXCLUDING THERMAL BLANKET
30-1/4" x 9 3/4" x 14"
WEIGHT 60 LB. MAX. 58 LB, - 1507 (LESS THERMAL
BLANKET)
ACCELERATION "12G LONGITUDINAL & - NO PROBLEMS
36 LATERAL FOR 1 MIN.
+ Z AND + X
+ Z AND + Y
VIBRATION COVERED PREVIOUSLY
ACOUSTICS LEVELS REVIEWED AND NO PROBLEM
COMPARED TO PAST PROGRAMS NO TEST RUN
JITTER + 17 A4 sec/98% 22,5V + 8 msec/1007
CENTER OF Door OPEN Door CLoOSE
GRAVITY EsT ACT AcT
X 5.42% 4, 86" y,72"
Y 11.8" 13: 12" 13,12*
Z 2.73" 1.20" 1.27"




ETM AVHRR TEST

RESULTS
'PARAMETER SPECIFICATION MEASURED
CHAN 1 & 2 SiGNAL + 100 MV NOT CHECKED DUE TO
STABILITY Over Temp. RANGE STABILITY OF VIS CAL,

10°C 1o 30°C Check TeT,

CHAN 1 & 2 SPECTRAL See PArA. 3.4.2 CHAN\l Cuton StoPe

RESPONSE oF SPEC 047 . ALL OTHER
PARAMETERS OKAY,
CHAN 2 ALL OKAY,

THERMAL CHAN. <0,12K CHAN 3 0.06K

NEaT a 300K CHaN 4 0.07K
Cuan 3 & 4 t,lOO MV CHAN 3 CH 4
SIGNAL STABILITY Over Temp RANGE 160 mv 41 mv

10°C To0 30°C

CuaN 3 & 4 SEe PArRA 3.4.2 CHAN 3 CUTOFF SLOPE OUT.
SPECTRAL RESPONSE OF SPEC, CHAN 4 ALL okay
ScAN JITTER 987 WITHIN *+ Scene - 100%
16 [LsEC Line - 1007
Scan LINEARITY LINE TO LINE: % < % IFOV

IFOV (98%)

\_ 20 minuTes: 1 IFOV < 1 IFOV
(983



PARAMETER

IFOV S1ze 1o 50%

PoINTS

CHANNEL
REGISTRATION

SysTem MTF

POLARIZATION
SENSITIVITY

S/N RaT1o
SoLAR CHANNELS

- SUN Scan

STRAY RADIANCE
SUPPRESSION

SCATTERED LIGHT
SIGNAL

ETM AVHRR TEST
RESULTS )

SPECIFICATION

. 1.3 + 0.2 MILLIRADIANS

ALL CENTERS WITHIN
0,10 MrRAD

>30% AT LIMITING FREQ

<107, CHAN 1
+ CHAN 2

<9,4 mvoLTs
NoisE

SURVIVE AND RETURN TO

CALIBRATION

<2% WITH
PK S1GNAL NEAR AXIS

MEASURED
Scan Cross Scan
Chl 1,20 Chl 1.24
Ch2 1,30 Ch2 1.26
Ch3 134 (Cu3 1.38
Ch4 1,30 Chl4 1.28

INITIALLY < 0,07 MRAD
AFTER ViB < 1.0 MRAD

CH 1: 46%
CH 2: 447

CH 3: 397
CH 4: 377

Cuan 1 1.6%
CHan 2 12.97%

CHan 1: 2.0 mvoLTs
CHAN 2: 1.3 MvoLTs

Survivep: CHAN 1, Bmv

CHAN 2: 25my
CHAN 3: 37 mv
CHAN 4: 1 mv
CH2 = Y25
CH1 = 1.2%

CHan 1 & 2 - - None
CHAN 4 - <3 NER
IN HIGH SUN ORBITS

9=5
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PARAMETER

SIGNAL AMPLITUDE
Cuan 1 & 2

SI1GNAL AMPLITUDE
CHaN 3 & 4

ETM AVHRR TEST -
* RESULTS -

SPECIFICATION

100% Acpeno = 6.1 + 1V

Seace Look = .25 + ,05

320K scene = 0,3 + .1V
Space Look = 6.2 £ .05

" CH 3
700 931

MEASURSD

6,188V Ch. 1
6,249V Ch. 2

4250 voLTS BOTH

CHANNELS
CH 4

6.187 6,256
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ITEM

SPEC

MEASURED

Commap OPERATION

Anaros TM

Turn oN TRANSIENT

ConpucTeED RippLE

SUSCEPTIBILITY

1507 oF SteaDY
STATE

2% oF STEADY
STATE

25 vep 10 1.5 Kn
50 v¢ TO P TO
10 MHz

OperaTION AND DiGivaL TM
LEVEL VERIFIED.

INSTRUMENT STATUS MEASURED:

ErecTroNICS ON D AMP
Motor ON b oAMp

CooLEr Heat ON 2.4 amp

Motor oNLY Low -6 MA
MoTor onLY HigH -6 MA
ELECTRONICS & ALL CHANNELS -

-26 MA |
FuLL INSTRUMENT =26 MA

Max. SUSCEPTIBILITY AT
500 Hz, G.Y pTO P
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ITEM SPEC MEASURED
OVER-VOLTAGE 28V 10 39V +15 V ResuLATED VOLTAGES
VARY 2 MV MAX FROM 26V TO
39V
AMPLIFIER ZEROING Ch 1.250 + 0.050 251,119 mv
Cy 2 .250 + 0,050 256,169 mv
Ch 36,2+ 0,050 6183.23 mv
CH 4 6,2 + 0.050 6268.61 Mv |
*INITIAL ZERO LEVEL
SET PRIOR TO REDUC-
TION OF NOISE
AMPLIFIER + 6.25 mv Ch 1-2.27 wv MEASURE WITH
LINEARITY CH 2 0 Ramp CAL AND
CH 3-3.43 mv DaTA CONVERTER
CH 4 0
Ramp CAL RANGE -0.1 10 +6.4 Cv 1 6452 swing

CH 2 6585 swinG
CH 3 6496 swinG

CH 4 6498 swine
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ITEM. SPEC MEASURED
AMPLIFIER DRGOP 39% oF FuLL ScALE Chl .369 mv
(25 mv) Ch 2 .007 mv
th3 5.47 mv
4 .50 mv
™ DATA
VERIFICATION OF TM BB1 2320 2318.75
IN DATA STREAM T BB2 2389 2387.18
BB3 2379 2376.25
BB4 2439 2439,68
B 3032 3033.11
™ DATA
BB SampLe TH -- w3 2173 2174,23
Ch 4 4183 4179,26
VoLace (AL 3 EARTH ScENE LEVELS
VERIFICATION 1 B.B. Lever VERIFIED

DETECTOR DI1SABLED
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ITEM SPEC MEASURED
AuxiLARY SYNC PULSE TO COLLIMATOR TARGET |
Scan NorMAL #5150 f1sEC | ' ‘
WITH AUX :
SCAN 45832 To 45860 4sEC
JITTER + 8 usec 97,027% |

+ 16 ¢sec 99.499%
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ooy

RADIATOR TeMp
PatcH Power

PATCH TeEMP Low
RANGE

Patcn Temp EX
RANGE

BB#L TH

BB#2 T

BB#3 TM

BB# TH

Motor CURRENT
fLEcTRONICS CURRENT

EARTH SHIELD
PosiTION

ELECTRONICS TEMP
Base PLaTE TEMP

A 10D Temp

Motor Housine Temp
CooLER Housine TEMP
DevecTor Bias VoLts
BB IR CH3

BB IR CH4

OFFSET VoLTAgE

CALTBRATION EQUATIONS

oy
MW

oc
Oc
™

]

I,

TR | A | | SO N | N | NN | |

35,12V
AN

5 ' lE'V

45,32V

- 8.3LV

8.31V
8.31V
8,31V
60V
196.5V

(<2V) ¢l

5,82V
7,75

- =8,33V

-7.75Y
7,75V
4,33V

-1.1v?

. -3y?

1,33V

+ 1417

+ 89,7

90.4
3,424
3. 424
3,424
3,424

+ 4+ 4+ o+ o+

(2-4)M1D >4 OPEN
+ 39,9

34.8

86.15

34,8

34.8

- 21,33
-13.2V + 330.2
+11,3V + 302.3

+ + 3 -+
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.y “ETM RADIANT COOLER PERFORMANCE

TEMPERATURE OF ORIGINAL MEASURED - 159C BP
DESIGN WARMEST ORBIT
CooLer Housing . T 92% 926,39 14,79 (=
OpTICS 250¢ 23,4°C 19,69 ¢
RADIATOR 170, 9K 168.4K  166.0K
parcy &) 1050 1056  105.0K
. CHamBER MARGIN (&) 7.3K - 76K 8.7K  0.6K
- - 25.6 i 27,2 M 30.1 i+ 1.8 mi
OreiTAL Marein®®  10.0K 10.2K 11.3K + 0,7K

30,4 MY 35,5 mi 38,0 i + 1,8 m

{a)
ConNTROL POINT

{b)
CALCULATED VALUES WITH RESPECT T0

CONTROL POINT
(c)
FroM THERMAL ANALYSIS
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AVHRR
RESUNE OF PFM TEST RESULTS
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PFM AVHRR TEST RESULTS

. A
SIZE e 51T 33" x 15 EXCLUDING THERMAL BLANKET
30.18" x 9-5/8" x 14,15"

WEIGHT 60 LB, MAX 59 - 15 oz (WITH THERMAL
BLANKET)

ACCELERATION NO TEST ON PFM - NA

POWER 27 WATTS 24,92 wATTS

VIBRATION SEE SPEC. PASSED 3RD VIBRATION
PARA., 4.4.4.3 PROBLEMS COVERED BY MFR'S

ACOUSTICS NO TEST ON PFM . NA

JITTER + 17 sec/98% MET SPEC AT B.P,

159 AND HICHER
see MFR 02526

_—

| CENTER OF | DOOR OFEN DOOR CLOSE
| GRAVITY

X 4,77 4,68

Y 12.98 12,98

Z 1,14 1.24

9-14
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PARAMETER
CHan 1 & 2 SisNAL
STABILITY

CHaN 1 & 2 SpECTRAL
RESPONSE

THERMAL CHAN,
NEAT

CHAN 3 & 4
SIGNAL STABILITY

CHaN 3 & &4
SpeCTRAL REsPonsE

ScaN JITTER

ScaN LINEARITY

PEM AVHRR TEST RESULTS

SPECIFICATION
= 100 MV

Over TEMP. RANGE
10°C 1o 30°C

See Para. 3.4.2
oF SPEC

< 0.12K
2 300K

+ 100mv
Over Temp RANGE
109C 1o 30°C

SEE Para 3.4.2
oF SPEC,

98% WITHIN *
17 Sec (1/2 IFOV)

Ling To Line: £ 1/2

IFOV (98%)

20 MinuTes: 1 TFOV
(987%)

MEASURED
CHAN #1 = 25 MV
CHAN #2 = 82 MV

CHan #1 ALL Oxay
CHAN #2 ALL Oxay

CHan 3 040K
Cuan 4 069K
CHaN 3 Cu 4

331.25 mv 61,56
*See MFR #02504

Cuan 3 AL Oxay
CHAN 4 ALr Okay

Scene - 997
Ling - 987
*See MFR #02526

< 1/2 TFOV

< 1 IFOV

9-15



A

PARAMETER

[FOV S1ze 10 50%

PoInTs

CHANNEL
REGISTRATION

System MTF

POLARIZATION
SENSITIVITY

S/N Ratio
SoLAR CHANNELS

SUN Scan

STRAY RADIANCE
SUPPRESSION

SCATTERED LIGHT
S1GNAL

PFM AVHRR TEST RESULTS

SPECIFICATION

1.0 £ 0,2 MILLIRADIANS

ALL CENTERS WITHIN
0.10 mMraD

>30%4 AT LIMITING FREQ

Cuan 1 2 5%
CHan 2 2 5.3%

10.0 MvOLTS NOISE
3/1 8 .57 aLBEDO

No Test PFM
No Test PFM

No Test PFH

MEASURED

SCAN CROSS SCAN
Chl 1.38Ct1 1.38
b2 1.38Ch2 1.4
Ch3 1.54Ck3 1.51
*See MFR 02527
Colt 1.41Ch 4 1.41

INITIALLY

< (0,08 MrAD
ArTER VIE < 0,0

.08 MRAD

Cu 1; 897 Cuy 3: 397
CH 2: 487 Cu &4: 457

CHan 1 3.7 NADIR
CHan 2 5.3 NADIR

Cuan 1: 1,83 mvoLTs
CHAN Z2: 1.89 MvoLTs

NA
NA

NA
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PARAMETER

SI16NAL AMPLITUDE
CHan 1 & 2

SieNAL AMPLITUDE
Cran 3 8 4

PFM AVHRR TEST RESULTS

SPECIFICATION MEASURED
Ch 1 CH 2
100Z Aipepo = 6,1 & .1V 6051,52  6176.,92
Space Look = ,25 + .05 256,25 251.24

Cu 3 CH b
320K £ 1% = 0.3 + .1V 488.75 275,00
Seace Look = 6,2 £ ,05 6212.50 6187 .87
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ITEH

SPEC

MEASURED

CommanD OPERATION

Anatoc TM

Turn oN TrRANSIENT (28v)
ELECTRONICS
MoTor
CooLEr HEAT
EARTH SHIELD

ConpucTED RippLE (26v)
MoTor - Low
Motor - HigH
ELECT. & ALL CH'S)
FuLL INsT. )

SUSCEPTIBILITY

ConpucTep RippLE (+20V)
ConpucTED RippLE {(+HV)

1.4a max, 8 20 mMa/useEC
1.4a max. & 20 ma/usec
2,84 MAX, FOR 2 M.S.
2.1a Max. For 1 sEc

Brvar-p
18map~p

<20 Hz 3% (27 ma)
>20 Hz 1% (9 ma)

.25 ypp 10 1,5 Kuz
50 ve 10 p TO 10 MHz

1 MA MAX,

1 MA MAX.

OrERATION AND DicITaL TM
LEVEL VERIFIED,

INSTRUMENT STATUS MEASURED

680 MA - 3 MA/usEC,
680 mMA - .56 MA/usEc
2.8a ror 500 usec
1.6a For .88 sEC

S5Map-rp
S5Map-p
<20 Hz - 14 ma/>20 Hz - 2 M
<20 Hz - 15 ma/>20 Hz - 5 ma

WorsT CAsE
8y & 15 KHz,

NONE - DISCERNIBLE
NONE — DISCERNIBLE
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tmt

ITEM

SPEC

_MEASURED

OvER-VOLTAGE

AMPLIFIER ZEROING

AMPLIFIER
LINEARITY

Ramp CAL RANGE

28Y To 39V

Cu 1,250 % 0,050
Cu 2 .250 + 0,050
Cn 36,2 0,50
CH & 6,2 0,50

% 6.25 mv (£DATA conv.)

0.025 vo +6.475

+15 V REcuLATED VOLTAGES
vARY 0 mv - +5 v suppLy
VARIES 32 MV,

250,00 mv
350,00 my
6211,00 My
6173,00 mv

Chl-10.1mv Measure wiTH
(4 2 10,8 mv Ramp CaL anp
{3 6.25mv Data CoNVERTER
Chu 4 8,3 mv

Cn 1 6506 swine
Ch 2 6508 swing
Cy 3 6499 swing
Cu 4 G475 swinG

Y

e T
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ITEM

SPEC

MEASURED

AvpLIFIER DRoop

VERIFICATION OF TN
1N DATA STREAM

BB SampLe TM

VoLTacE CAL
VERIFICATION

397 oF FULL ScaLre
(25 mv)

3 EARTH SceENE LEVELS

1 B.B. Lever
DeTECTOR DISABLED

uwl O
2 0
Ch3d .1

MV
Y
MV

Chd 6,11 mv

™

BBl 1.247

BB2 1.276
BB3 1,321
BB4 1,319

e 3,002

i
Cy 3 2,594
CH 4 4,653

1

2

DATA
1.243
1,268
1,309
1,309

3,018

;
2,594
4,659

35 4

Ci 1 1862 3493 5113 5922
Cn 2 1864 3494 5118 5925
Ch 3 1356 2975 4606 549
Cu 4 1362 2975 4587 567

Veririep Det. Dis,
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ITEM SPEC MEASURED
- AuxiLiAry NoNE SYNC PULSE TO COLLIMATOR TARGET
ScAN NormaL 42857.3 - 142800.0 :

WITH AUX U2812.8 - 12760,7
SCAN

! _i-'r



CALIBRATION EQUATIONS

Rapiator TEMP Ok = 35,12V + 141,7 |
PATCH PowWER MW = 2V?
Patch Temp Low

RaneE Ok = 5,16V + 89,7
PatcH Temp Ex 2

RANGE K = 4512y  + 90,4
BB#1 TH SC = 8,31V + 3,424
BB#2 TH o = 831y  + 3,42
BB#3 TH °c = 831V + 3,424 :
BB#4 TH oc = 8,31V + 3,424 :

. MoTor CURRENT MA = BV

ELECTRONICS CURRENT MA = 196.5V
EARTH SHIELD ‘

PosITion = (<2V) ¢l (2-WmID >4 oPEN
ELectronics Temp  OC = 5,82V + 39,9 .
Base PraTe Temp  OC = -7.7%V  + 34,8 ;
A oD Tewp o = 833 + 8.6 f
Motor Housine Temp ©C = -7,75Y ° + 34,8
CooLer Housine Temp OC = -7.75%V + 34,8 '
DeTecTor Bias VoLTs = 4,33V - 21,33 .
BB IR CH3 o¢ = -L1v¢ 13,2V + 330,2 {
BB IR Cifl oc = -3y2 +11,3V + 302,3
OFFSET VoLTAGE ™ = 1,33V

9-22
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FFEM

[0-Y-76

AVHRR S.HW. DATE Q.Ca
. LAt €A
EHNGINEER é_ o & 5
' i CHANNEL 1 CHANNEL_ 2
SPEC., MEASHRED SPEC MEASURED |
Short Wave 80% Wv'ln. within 0.10 um : within 0.02 ym -
of 50% Wyv'ln. 628 of 50% Wv'ln. TR D
Short Wave 50% Wy'la. 0.55 % 0.¢Z um g | 0,725 & .025um 21o
Short Wave 5% Wv'ln., within 05§48 um within 0.04 pm ' ’
: of 50% Wv'lin., ,‘}/97 of 50% Wv'ln* N é?S‘
| Anb_ > . HE M
Long Wave 80% Wv'ln, within 0,02 um
of 50% Wv'ln. 86 N.R.
va $ Wv'lln. 0.20 £ 0.05 ' H.R.
Long Wave 50% Wv'ln um ‘? oY .
Long Wave 5% Wv'ln. within 0.04 ym
. of 50% Wv'ln. G2R N.R.
Response between S.W. 80% Wv'ln. s o
»and L.W. 80% Wv'ln. 80% Min. > gg{a 80% Min. > ‘QO e’%
Out-of-Band Response WASA Spec © NASA Spec. GSFC
GSFC §~731-P~118 Rev. D ' 5-~731-P-118 Rev. D,
: Para. 3.4.2.1.5 @ iQ Para. 3.4.2.2.6 @K_

N.R. = No re'quirement
* S.W. 5% Wv'ln. of Ch. 2 must

ik or 0,65 um, whichever is gre

always exceed 0.685 um

ater

CIiANW

TABLE 6

NEL 1 & 2 SPECTRAL CHARACTE'RISTICS

f ravree
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i

i - | A . ) e | D
AVHRR S.N. iﬁ"fM ' DATE /{;ﬁ’?"?;g QeCo

ENGINEER L. OWENS ] ;
T : - CHANNEL 3 CHANNEL 4
SPEC. __|MEASURED SPEC MEASURED

Short Wave 50% Wv'ln. 10.5 * 0.1 um }o.52 | 3.55 % 0.06 um 3‘5?

S.W. 80% of lst Peak Wv'in. See., S.W. Slope ' }D.60 | See s.W. slope 3.63

S.W. 5% Wv'ln. See S.W. Slope - /0 Yo See S.W. Slope ’ 3 5.11,

S. W. Slope¥* < 3.0% 6 < 3.0% - 0 ,
- F . /'Q /é : 2.5 /é: l
! ’ :
- Long Wave 50% Wv'ln. 11.5 £ 0.1 ym 3.93 £ 0.06 um :
| Long | SN 1/ 45 20 " 3.98

L.W. 80% of 1lst Peak Wv'ln. See L.W. Slope j/ ig See L.W. Slope g ?5"

. . ] . .
L.W. 5% Wv'in. See L.W. Slope /f’é? See L.W. Slope 1_} D’-{ '
. b
L.,W. Slope* < 5:0% jii ?}’ <3.0% /-5 %
. ) o =

Response between S.W. 80% y . , .

I @v'ln. & L.W. 80% Wv'ln. 80% Min. }) goz . 80% Min. >802
‘I -
; Response at Wv'ln. <10.0 um and X 1% Z 9/ ‘N/B N.A.

>12,0 pm / °
% Response at Wvfln. < 3.40 and N.A. N.2, < 1%
t> 4.12um : , o <) %

OQut-of-Band Response WASA Spec. Para 3.4.2.3}15 s HASA Spec.

i L"'&' Para. 3.4.2.4.5 @k“

* Slope = [ (80% of first peak Wv'ln. - 5% Wv'ln.) % 5% Wv'ln.] x 100%
TARLE 7 - CHANNEL 3 & 4 SPECTRAL CIiRRACTERISTICS
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From:
Subject:
ce: ' Ref:

D, Melton
Jd. Stark

AEROSPACE/OPTICAL
DIVISION
3700 E. Pontiac Stregt

: . JR. Foote | Fort Wayne, Ind. 46803

(27 9} 423-9635 - TWX 810-332-1413
€. L. Soest (3 L}S . Date: December 22, 1876

DIR #40
AVHRR/1 1LTM Final Repoxrt

ITT 8120888 - Test Procedure for AVHRR Life Test
Model (ILTM) .

TTT 8009480 - Procedure for AVHRR LTM Scanner
bismantling (with attached notes)

NASA/GSFC Memo by A. J. Babecki, "Examination of
Ball Bearings from the AVHRR Life Test"

Instruction

‘fhe AVHRBR LTM Scanner was dismantled on March 17,

1976 for the purpose of investigation and analysis (primarily
of the ball bearings). The scanner had operated in a vacuum
in excess of 8500 hours and temperature cycled between 15°C
and 359C. The complete test plan is outlined in ITT 8120888
and the test data is recorded in the LTM Logbook.

The scanner was dismantled according to procedure

8009480 by I?T engineering personnel (J. Stark) and wit-
nessed by GSFC personnel (E. Stengard). Appropriate notes
were taken during the dismantling and are attached to the
procedure,

Discussion

The motor was carefully disassembled and parts

were checked for signs of wear and lubricant migration.
No signs of lubricant migration was evident, and this

was confirmed when the bearings were weighed. There were
slight wear rings on the bearing journals of the rotor
shaft, and small debris patterns on the front bearing
cover, bearing spacer, and bearing nut.

The bearings were carefully weighed to check on

weight loss of the lubricant, and then disassembled. The

front bearing lost 1.5mg and t.e rear bearing lost 2.8mg of
' lubricant.

9~-30
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R. Footes -2 - Decamber 22, 1976
AVHRR/1 LTM Scanner Dismantling

After the bearings were disassembled, they were
cleaned and the wash solutions passed through a fiilter
to eollect particulates that might have been present.
The filters were submitted to GSFC for analysis and the
examination disclosed wvery little debris, and not enough
for analysis. :

The bearing races, balls, and ball retainers were
examined by ITT personnel at magnifications up to 30X and
then forwarded to GSFC for evaluation. NASA's examination
confirmed our findings of very little wear on the bearings.
The bearing races exhibited uniform ball tracks that wers
off center which indicated the presence of preload on the
bearings. The balls did not show any wear rings and showed
no evidence of wear. .

Upon completion of the examination by NASA, the
bearings were sent to Split Ballhearing for examination
and preload measurement. Thelr measurements indicated

a prelcad of 5 oz. A copy of their findings is attached.

Summary

After operating for over 8500 hours in a vacuum
the ILTM scan motor bearings exhibited very little wear
and lost approximately 1.5 - 2.8mg cof lubricant from
approximately 27-29mg of total lubricant originally
present. Jitter measurements were 100%, coast down time
2'=15", and running torgue 0.8 oz-in.

9-31




. Split Baillbearing

().- . . DIVISION OF MPB CORPORATION

MPB !';"IIE?.. E\gﬁ\agguﬁF‘i)zLiﬁsAg{a%N NEW HAMPSHIRE 03766
= ’ TWK 710-366-1661

August 24, 1976

ITT Aerospace/Optical Division
3700 2. Pontiac Street
Fort Wayne, Indiana 46303

Attention: Clarence Soest

Subject: 5Life Test Bearings, 3TAR 17-24-145
s/W 007

Dear Mr. Soest:

As you requested, we have reassembled the subject bearings and
checkazd the preload. We find the preload to be approximately

5 oz. as compared to a spec of 1 1/2 to 3 1/2 1lbs. This re-
duction in prelvad may be due to the diamond polishing which
was performed at Goddard Space Flight Center. Historically,
their polishing has reduced the preload on this type of bearing
by approximately that amount. -

The races appeared to be in excellent condition, showing onlw
a very light frosted contact path which in no way had destroyved
the geometry of the race.:

We hope this answers vour gquestions and are sorry for the initial

mixup concerning these Darts. Should you have any further
gunestions please do not hesitate to contact this office or our

Field Sales Engineer, William Cotton. The bearings are enwlosed.

Regards,

,‘--,
-'f ’,,j C r(a r,

Neal C. McgBain
Product Enginesr

MCM/nl
ce: WC, Chie.
Enclosures

g=-32
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\ ! .
e Memorandum | .

. .. TO & Mr. M. J. Donohoe, Code 726 DATE: May 12, 1976

FROM : Mr. A, J. Babecki, Code 755
Materials Engineering Branch

SUBJECT:  EXAMINATION OF BALL BEARINGS FROM THE AVHRR LIFE TEST
_Bacl-:ground

. The two 3TAR ball bearings, which were in the AVHRR scan motor life
NS test for one year in vacuwm, were submitied to this Code for examination
- after ITT-Ft. Wayne had disassembled and cleansd them. During the

- cleaning operation, ITT had passed the wash solutions through a {ilter
X pad to collect particulates, and that pad also was submiited.
: Examination of the filter pad at magnifications up to about 30X disclosed
very little debris, and certainly not enough for analysis. .
During the life test, the spin azis had bsen Ler:i vertical, Thersiore,
. the two S/N 007 bearmos are identifisd as tou and botiom. Because of.
! the simulated mirror mass that the bearings supported during the test,
: the bottom bearing should have experiencsd a heavier load than the top
S one. During the life test, the bearings rotated continuously at 36¢ rpm
: and were subjected to some thermal cycling,
Although this Code had pélished the bzall ¢ *oove surfaces to remove
the original coarse surface condition, the bearings were lubricated by
ITT, reportedly with the recommended £Lrytox 143 AB o0il. This
s lubrlcatlon included vacuum impregnation of the phenolic laminats
'*‘;fd ' ball cages and the addition of a small amount of free oil to the balls
3 _ and grooves,
Examination
. The b2arings were visually examined at low magnification. It was noted
= that the inner races had one face siarmped with Split Ball Bearing Co's

. . identification and that the ball track on each was off-center in the ball
- , groove away from the stamped face. Later it was learned that the
stamped faces faced each other in the mechauism and, therefore, the
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< ' tracks indicated that the inner races were preloaded against each other (DB).

There had been some concern that the polishing operation would have
removed enough metal from the races to remove the preload. IHowever,
the presence of ball tracks that were off center indicated that there was
a preload of some value. Tigure 1 pictures the hall tracks on the inner
and outer races of the top bearing, and Figure 2 pictures them on the

_ bottom bearing. The ball tracks were wiformly zpaced and uniform
—-— . in width arcund each race, which suggests that there was no looseness
in fhe bearings as there might be with no axial preload. IHowever,

the track on the boitom bearing appeared to be slightly larger than

. on the top bearing. which would be cxpected cousidering tha grenter
C load that it carried.
osmgrare
.&,;j Low power examination of the balls indicated that they were uniform
g in appearance, that they did not spori any wear rings, and that they did
! not show evidence of any significant wear., Figure 3 pictures the surince
at high magnification of a randomly-selected ball irom the bottom bearing.
It is noted that the surface condition looks good. The figare.also illusirates
the as-polished surface condition of the bhall groove and the slight change
- in it effected within the ball track of the bottom bearing., Fisure 4 depicts
e LI the ball and track surfaces in the top bearing. Again, the changes '
e d' effected by the life test operation were minimal.
'-‘”'j A chemieal analysis was made by IR spectrophotometry of a sample of
; the oil from the bearings at the conclusion of the life test, Mr. Fred
: Gross of this Code reported that the lubricant was not degraded and
‘ that it was, indeed, Krytox with 2 small amount of aliphatic hydro-
{ carbons and esters that did not appear unusual.
. —]
, *v{ Discussion
- I The examination of the bearings and oil, and the lack of wear debris
- on the filter pads show that there was an extremely small amount of
! wear of the bearings in the one year vacuum operation. Other
_ information trom ITT indieated that only 1.5-2, 83 mgms. of oii was
— Iost from the approximately 25 mgms. original quantity in each
hﬁ_:i ] bearing. In addition, ITT reported seeing no oil {ilm ocuiside of the
,,:~~_q bearings, which indicates that there was no oil crzep problem.
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T There is no doubt that the balls of the bearings floated on'a film of oil
S with little or no metal-to~metal contact between them and the races.
. This desirable condition was due in part to the properties of the oil,

but also to the {ine surface finish given to the races by this Code,
It is understood, however, that the flight bearings will not have
races polished by this Code, although their surface finishes
reportedly are better than the life test ones originally were.

If the flight bearings have surface finishes which are significantly
rougher than the life test bearings after polishing, it is probable that
- the wear that is developed will be greater. How much greater is not
R known, but it may be significant if the axial prelead is high and if the
- oil guaniity for some reason is less than in the life test bearings.

T ) - Because the flight units may be in storage for a year or more before
oy integration into the spacecraft, consideration will have to be given to
S the storage conditions to minimize contamination and to preserve the
: integrity of the lubricant. Such steps as sealing in a nitrogen atmosphere
and periodic operation to spread the oil are mininiuin considerations.
Perhaps vacuum sealing and witness mirrors and temperature limits
also should be considered.
S .
L Recommendations
- In order to gain confidence that the flight unit will perform as well as
! the life test model, it is recommended that
‘ 1) This Code be given a sample bearing of the new lot to inspect and return,
T 2) The gxial preload applied be as low as practicable,
- 3) A greater quantity of oil be added if the bearing surface finishes are
S coarser than the life test bearings had, and
r""i; 4) Adequate storage and periodic operation be incorporated in the plans.
- i /’) ,f
. E Cd -wLL { }{ <(.i— rﬁ/-;tz' c /':,:,:_..
: Alfred J. Babécki
Engineering Metallurgy Section

s ) ce: 755 Distribution

N Tiros-N Project List
o J. Stern/325
o D. Smith/921
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Ball groove and ball
track on the inner
race of the bottom
bearing.
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As above, but on the
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& Figure 3
“ Surface of a ball
‘ from the bottom
-4 bearing appears flow-
less at 200X,
et A,
N \7:"7:.4
: Polished surface of
the inner race ball
groove outside of
4 the ball track at
200X .
]
ba:.-:"i

Surface of the ball
track on the inner
race of the bottom
bearing at 200X.
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1.0

2.0

3.10

roiriera

SCOPE

.Thls procedure describes the order. of disassembly and

1n5pectlon of the LT Scanner. The purpose of the pro-

" cedure is to ensure that no data will be lost in disassem—

bly of the motor prior to the 1nvest1gatlon and analysis

of all pertinent data.

INSTRUCTIONS

All LTM parts should be carefully handled with clear
polyethylene gloves. Any pertinent data.should be re-
corded below. Photograph parts as required.

' LTAg wiAS Ar ArrTefe  LAC A2P/02 TE Ll Sy ol g

- PROCEDURE
 Measure LTM.motor,qurrent in- air at 22.5V /é:7 A .
Measure coast down in air fi-/ghfil . TTam, /3%

Operate LTM motor for a minimum of 24 hours in vacuum

(approx. 1 micron) and measure current at 22.5V_ /5 3 .
s L)

Measure coast down in vacuum & ~/5 77,

Medsure current at 22.5V in air /2.7 . .

.. ad N
Measure coast down in air /- 45454

Remove motor from life test set-up and take to‘clean room
environment. Carefully inspect assembly and note aob-
servations. Photograph if necessary. L~

Check axial and radial play of shaft. Axial_ .
' Radial .

Measure following torque at 22.5V. slip fzr§Z5'¢g;_~/A,.
stall SO0 0O m2-2A .

Make torque/current measurements on breadboard motor, and
utlllzlng the breadboard motor as a drive source, measure
running torgque of the LTM running in the operational
direction (C¥ looking 2t the motor from the mirror end).
Measurements will be made with the motor in the horizontal
position. and 22.5V.

. nvgw e m‘-&n Q 9—4‘80 TP AP L SV RS

10T 1Y Ee197 COpE IDEMT NG, 31550 9-41
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REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

Breadhoard Motor i !
Torque Current | RPA7)
L

No Load /20 36

i
0.50z-in. /70 Current measurement of BB
1.0 /809 “ - | motor while driving
1.5 ($5.E ' VM__ /PG e -
2.0 7N T ’
2:5 /77-% ' Resultant running torque

- - o .
3.0 ‘J’o?‘ of LIM_ , & 03 ~sH,
3.5 270.0 "
/45 .2 " G L S |
4-0 i "- ., . 6:.:—- I J_b"? Jqd)
4.5 2a/.¢ 7.0 | & 70 LY
5.0 22 b 7_5 24872 2o
5.5 e B g.0 | 299 | 279
6.0 sosg | v.g | 329 c
| ILA/" | 307 3 )

1f possible, rotate entire assembly (BB motor driving
LTHM motor) to the vertical direction and note any
change in current reading S 7= ez -

Start disassembly of LTM with careful observations
along the way for any signs of debris, corrosion,
lubricant outside of bearings, evidence of binding,
cocking, walking of bearings on t"e shaft or housing,
walking of spacers, etc. Photograph if necessary.

Record front and rear bearing.

front (mirror end) S=£ 277/ - w37

rear (rotor end) Ay /475 AL Fms

lleasure torgue required to remove bearing retainer
nut__ 5o fh-js .

Remove bearings a.id spacers and visually examine at

magnification (v 10x - 30x) for evidence of o0il or

debris on the outside of bearlngs and separators.
e

Photograph as required. , .
Frwl"' /774.9;/ y

e

Weigh bearing assembly to nearest 0.1 mgm,\ R = T 2STL prdts

7

~ 174
-~
3 8009480
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&

3.17 Examine intericr of kearing at magnification for oil,
debris, meniscus, non—wettlng, etc.. Photograph as
required., 5 v 40000000 N T

Ny

3.18 Check bearing set for preload »¢ ,4fwf/6

3.19 Measure running torque with gram gage and torque
watch 2SgasS & -78" gm gage. = , g, ow~ /W

/.15 o2-,4A torgue watch.

3.20 Disassemble bearing set and examine at magnification
for debris and @par. Photograph as necessary.
” . 4 L/ /
—_
3.21 Weigh retainer =~ , </ ?/@ P .

3.22 Clean metal parts in flltered freon, and fllter wash
- after cleaning.

1 . 3:23 Examine filter at magnification. Photograph if neces-
' sary. Save wash and filter and send to GSFC for
e analysis. / N A

3.24 Weigh dry metal parts /7, 2§59Y &ug. r7.267/ G758

3.25 Examine.cleaned metal parts at magnificatior “to- 200x
for evidence of wear, cracks on races, wear rings on
balls, etc. Photograph as necessary.

3.26 Exam.ne retalner pockéts for wear at magnification.
Photograph as necessary.

3.27 1If bearing set has preload, send to SBB for measurement.

Aoy Co
‘ . S./9 APETHASOEENCII T M ADE oM 3-5N corTH THAPE aN O p
OF 5Pcel oLy

MERSCaEHENT twAs Ledons ©ON 377G using s7Rnd
7o APPLY Lonp 7O GHA Tall:l

&n GageGoBHS = (.32 oz | 44

I ' | — 3™
“Ta{zagg:t‘.g-- .4 - 17 STeam1) | - .
L ATC 228 - i i
i t &M 81_::.-\ - : fslc-;'l‘-\
Ghes Ny “GAEE
{ : ' @———L{ N| ‘ ( ‘32
y . - 8009480
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NoTES Fom Hooidée

FRONT SIDE
!

l. Debris ring on front cover where contact with bearing is made.
2.‘ Debris pattern of holes on spacer adjacent to ’
Obsoclete lub. reservoir holes.
3. Nothing observed in bearing or races on examination while
stili installed and nut tight,
4, Debris ring on each side of nut.
3. Debris ring on outside of spacer
3.15 6, Wear ring on ends of bearing journals and shoulder of step

on rotor end
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*10.

*11.

11

Bearing I.D.'s show a couple of wear spots.

Bearing toward mirror has chevron toward mirror

U RN

™ ' AIIRLOR

4

| ot

B |

8light blade ring around bearing bore

and bores feel dry - no oil film detected.

{Front bearing)

1. Balls have wear tracks (before”disassembly) pattefn
2. Meniscus in bearing (?ront bearing)}

3. No evidence of non wetting

. No debris buildup '

. No large particles on balls or elsewhere:

6. No rainbow effect

{Rear bearing)

l. Is a meniscus

2. No evidence of non wetting

3. No aebris or'large éarticleé

4. No wear traces

5 Rainbow.effect on balls - lub.

6. Burface of balls smoother than other bearing
7. BSeems to have more lub -~ observation and feel.

Wat 17.76339 grams Front Bearing A

" 17.76494 grams Rear Bearing /s \

‘Orig. A 17.76492 / N17,76777 (Test Plan)
A 17.76339 /% 17.76494
A 00153 grams .00283 grans
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-é"j;

:-.':‘»:m""-‘-zﬂ

3.20

>{1)
(2)

(3)
{4)

A@pafent'wear'track on inner race
ééﬁgééiéd Qil iﬁiérodve - both facés
Balls clean, shiny, no evidence of wear
No evidence of wear on retainer

Free oil on surface of cage

Wear spot on leading edge of ball contact
E b
.50289 (.50292

49106 ( .49078 )

poinﬁ.
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10.0 LIST OF DESIGN INFORMATION REPORTS

Design Information Reports written on this program
are listed below.

DIR # Subject
1. AVHRR Sensitivity - Harber/Koczor
B AVHRR Collimator - Diffration Effects - R. Koczor
: I Effects of Optical Surface Errors on Diffraction
Limited MTF - R. Annable
4. Approach to the Optical Alignment and Channel
Registration of the AVHRR - R. Annable
5% The Effect of Detectors on the Instrument
Spectral Response, Part 1, Channels 3 & 4 - R. Koczor
6. Theoretical Design to Meet the Polarization Requirements
in Channels 1 and 2 - R. Annable
7. Polarization Design and Analysis Based on
OCLI Measured Data - R. Annble
8. Using "Standard" Silicon Detectors for Channels
1l and 2 - R. Koczor
9. Effect of Scan Mirror Power on Diffraction
Limited MTF - R. Annable
10. Visible In-Flight Calibration - R. Koczor
i 8 I Orientation of the Visible Calibration D.R.T. -
R. Koczor
12. Solar Channel Spectral Characteristics, Part 1 =
R. Koczor
13s Solar Channel Sensitivity - R. Koczor
14. The Absence of Coma in an Afocal Pair of Confocal,
Coaxial Parabolic Mirrors - R. Annable
15. Heating of the Radiator Window for Contamination
Protection -~ R. Annable
16. AVHRR Test Collimator Design - R. Koczor
17 The Effect of Collimator Aberrations on the Diffraction
Limited MTF - R. Annable
18. Worst Case Honeycomb Temperature Gradient in the
In-Flight Thermal Calibration Target - R. Annable
19. Cool Down and Decontamination Times for the
Radiant Cooler - R. Annable
20. Scanner Jitter, Linearity, and Alignment Tests -
R. Koczor
21. Optimization of IFOV Size and Shape, Pre-Sampling
Filter, and Sample Rate - R. Foote
22, Thermal Math Model Analysis - Crawford/Wright
23, Thermal Math Model Analysis, OFF Instrument -
Crawford/Wright
24. Measurement of Low Emissivity - R. Koczor
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DIR #

25,

26.
27.
28.
29.
30.
3l.

32‘
33.
34.

35,
36.
37.

38.
40.
42.
43,

Subject

AVHRR Scan Motor Lubricant Evaluation and
Selection - J. 8tark

'~ AVHRR TM Calibration - N. Franklin

MSM Vibration Test - J. Stark

BBM Acceptance Test Results - Owens/Koczor

Completion of Thermal Math Model - J. Crawford

MSM Vibration #2 - J. Stark

Effect of Loss of Radiant Cocoler Temperature
Regulation - R. Harber

Worst Case Analysis - L. Roffelsen

AVHRR MSM Vibrztion #3 - J. Stark

Spectral Response Measurcments on AVHRR ETM -
R. Harber .

Pinning of Critical Parts - C. Soest

Cooler Dooxr Momentum - C. Soest

Scattered Light Test Results of AVHRR BEM -~
R. Koczor

Final Thermal Model Analysis - J. Crawford

ILTM Final Report = C. Soest

AVHRR Data Amplifier Signal Droop ~ H, Kalina

Channel 4 Coherent Noise in AVHRR PFM - R. Foote
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