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1.1. GENERAL

111 Purpose of the Document

This document is the HIRS/4 Instrument | nterface Control Document. It deds with the interface
definition between the instrument and the METOP satdllite.

The ICD document forms the unique formal definition on engineering, ground and flight operations for
the METOP programme, specifying the binding requirements between ESA and the Instrument
Supplier. It is configuration controlied by the METOP project team and formally signed off by ESA, the
Instrument Supplier and the METOP prime contractor. 779¢ +# shuemréné see o7 leev sS /t/dﬁﬂ'//f/,f.

As a gngle point control of the technical interfaces, the ICD :
- Defines the technical resources alocated to the instrument.

- Defines the detailed mechanical, therma and electrica interfaces between the instrument and the
satellite.

- Defines the design verification programme which shal be implemented to demonsirate compliance
with the METOP / HIRS/4 interface requirements.

- Defines the detailed mechanical, electrical and protocol interfaces between the instrument ground
support equipment and the METOP PLM ground support equipment.

- Defines the operational interface applicable during ground launch and flight phases.
The objective of the ICD is to ensure that :

- The instrument is designed, built and verified within the constraints imposed by the overal payload
complement satellite and launch vehicle,

- The satellite Prime Contractor is able to design, build and verify the satellite in such a manner that all
instruments can be successfully integrated into the system,

- The spacecraft system can be successfully launched and operated to achieve the mission objectives of
the METOP programme.

1.13.  Documentation

In cases of conflict between the following applicable docuinents and the present ICD, the agreement or
definiuon in this HIRS/4 |CD shall govern.

1121 Applicable Documentation

AD 1. METOP Product Assurance Requirements for NOM Instruments
Ref. MO-RS-ESA-PA-0065

AD2. METOP Finite Element Model Requirement Specification For Structural Analyses
Ref. MO-RSMMT-SY -0008
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ADS.

AD7.

ADI10.
AD11.
AD12.

AD13.

1.133.

RD1.

RD2.

RD3.

RDA4.

RDS.

RD6.
RD7.
RDS.
RD9.

RDI10.

RD12.

Satellite Thermal Model Requirement Specification, Ref. MO-RS-MMT-SY-0009
Electromagnetic Interference Characteristics, Measurement of, MIL-STD—46252{
NOAA Instrument GSE-to-METOP Interface Requirements, Ref. GSFC S-480-91.
HIRS/3 Instrument Thermal Interface Mathematical Model Report, Ref. SAI-RPT-085
HIRS/3 Instrument Thermal Interface Mathematical Model (Ref. LTS/0200/BB)

Reduced Model of HIRS Baseplate for ESA Thermal Elastic Analysis,
Ref. S-TIROS-SRH-96-0072 (included in LTS/A0312%/BB)

HIRS Thermo-Elastic Model (Ref. TBDwmgr)

PLM EGSE Internal Interface Control Document, Ref. MO-1D-DOR-PM-0018.
Void

Cryo Assy HIRS (= Bench Cooler). Ref. 8170792

Handling Fixture, Ref. 8129933

Reference Documentation

Performance Assurance Requirements for the NOAA-K, L & M AVHRR/3 and HIRS/3
Ref. S-480-29.1, Rev. G, dated March 1990

Performance Specification for the NOAA-N, N' and METOP-1 HIRS/3
Ref. S-480-28.2, Rev. C dated March 1993

ATN-K.LLM General Instrument interface Specification
Ref. 1S-3267415, Rev. C, dated October 1991

Unique Interface Specification for HIRS/2 (applicable to HIRS/3 and HIRS/4)
Ref. 1S-2285780, Rev. J, dated February 1995

HIRS/3 Incoming Inspection and.Test - Pre-Installation on Satellite Tests
Ref. FPR-2285780, Rev. H, dated April 1992

Void

Void

HIRS/3 Structural Dynamic Analysis Report. Ref. TBD

METOP GSE Requirements, ITT Technical Note. Dated May 15%.1996 (M. WEBB)

Outline Drawing Cooler Target, Ref. 8160346

. Requirements for the Data Acquisition Block for NOM Instruments,

Ref. MO-RS-DOR-PM-0025.

Final Report far TIROS Instruments Dynamic Analysis (Opening of Radiant Cooler Door),
Ref. S.DRC 19150
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1.13.  Acronym List

AD Applicable Document

A-DCS Advanced Data collection system

AIT Assembly, Integration & Test

AlV Assembly, Integration & Verification
AMSU-AI Advanced Microwave Sounding Unit 1
AMSU-A2 Advanced Microwave Sounding Unit 2
ARGOS Meteorological Data Collection and Location System )
ASCAT Advanced Wind Scatterometer

AVHRR/3 Advanced Very High Resolution Radiometer
BOL Beginning of Life

C&C command & Contro}

CAM Coarse Acquisition Mode

CCuU Central Computer Unit (SVM)

CR Customer Furnished Instrument

CRA Combined Receive Antenna (A-DCS. SARR, SARP-3)
DBU Digital Bus Unit

DC Direct Current

DSPG Distributed Single Point Grounding

DTA DCS Transmit Antenna

ECT Earth Calibration Target

EGSE Electrical Ground Support Equipment

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EOL End of Life

FAM Fine Acquisition Mode

FEM Finite Element Model

FMECA Failure Modes, Effects and Criticality Analysis
FMU Formatting and Multiplexing Unit

FOV Field of View

FPM Fine Pointing Mode

Gbit Gigabits

GNSS Global Navigation Sateflite System
GOME-2 Global Ozone Monitoring Experiment
GRAS GNSS Receiver for Atmospheric Sounding
GSE Ground Support Equipment

H/W Hardware
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LEOP
LRPT
Mbps
MCMD
MGSE
MHS
MIL

N/A

NIU
OBDH
OCM
OCOE
OMI

PIF
P/L
PA
PCU
PLM
PMC
RD
RF
RFC
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High Resolution Infra-Red Radiation Sounder
House Keeping
High Resolution Picture Transmission

Internal Cold Target

Interface.

Infra-red Atmospheric Sounding Interferometer
Interface Control Document

Instrument Control Unit

Infrared

Integration System Test

Internal Warm Target

kilobits per second .

NOM K, L, M series of satellites

Launch and Early Orbit Phase

Low Resolution Picture Transmisson
Megabits per Second

Macro Command

Mechanical Ground support Equipment
Microwave Humidity Sounder

Military (standard)

Not Applicable

Noise Equivalent Spectra Radiance
NOM Instrument |nterface Unit
Onboard Data Handling System
Orbit Control Mode

Over Check-Out Equipment
Ozone Monitoring Instrument

Platform

Payload

Product Assurance

Power Converson Unit
Payload Module

Payload Madule Computer
Reference  Document

Radio Frequency
Radio Frequency Compatibility

: MO-IC-MMT-HI-0001
-2 Rev. : O

: June. 11® 1998
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1.2. INSTRUMENT PRESENTATION

12.1.  General

(For information only)
Instrument Name HIRS/4

High Resolution Infra-Red Radiation Sounder / 4

Classification -| Passive optical instrument

The HIRS/4 is a 20-channel scanning radiometric sounder.

Multi-spectral data from twenty channels are obtained from a single telescope and a rotating filter wheel
containing twenty individua filters. An elliptical scan mirror provides Cross-track scanning of 56 steps
in increments of 1.8 deg. The filter whee! makes one revolution for each step of the scan mirror. The
mirror rapidly steps (= 32 msec.), then holds at each position while the twenty filter segments are
sampled during the wheel revolution This action (step & dwell) takes place each 0.1 sec. As a result, an
Earth scan line lasts 6.4 sec. (steps & dwells + retrace back).

The -HIRS/4 optics are designed to operate within its specifications under any Sun angle condition
between 0 and 80 deg. The radiant cooler is designed to operate from 0 to 68 deg. Sun angle and, with
spacecraft supplied shading, can operate from 0 to 80 deg. Sun angle. The Sun angle is defined as the
angle between the satellite to Sun line and the normal to the orbital plane.

12.2.  Scientific Objectives
(For information only)

The High Resolution Infra-Red Sounder HIRS/4, scans the Earth surface in twenty spectral bands in the
range of 0.69 - 14.95 microns :one visible channel a 0.69 micron, seven short-wave IR channels (3.7

‘ to 4.6 microns) and twelve long-wave IR channels (6.5 to 15 microns). It provides data for temperature *
- altitude profiles. moisture content. cloud height and surface abedo.

Infra-red calibration of the HIRS/4 is provided by programmed views of two radiometric targets: the
warm target mounted on the instrument base and a view of space. Data from these views provides
I sensitivity calibrations for each IR channd at 256 second intervals, when commanded.

The instrument sensitivity (noise equivalent spectral radiance, NEdN) are illustrated in Table 1.2.2/1.

| {Hirs] icd.doc)
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Channel " Wavelength Specified Sensitivity
| (um) (NEAN) (—22—)

1 14.95 3.00
2 14.71 0.67
3 14.49 0.50
4 1422 031
5 1397 . 021
6 13.64 0.24 }
7 1335 020 1l Lw
8 11.11 0.10
9 9.71 0.15
10 1247 . 0.15
11 7.33 0.20
12 6.52 0.20
13 457 0.006
14 452 0.003
15 4.47 0.004

16 4.45 0.004 | SW
17 4.13 0.002
18 4.00 0.002
19 3.76 0.001
20 0.69 0.10% albedo VIS

Table 1.2.2/1 : HIRS/4 Channel Allocation and Sensitivity

133. Functional Description

The HIRSN instrument is a single package which mounts directly onto the satellite A HIRS/4 system
block diagram is illustrated in Figure 1.2.3/2. An exploded view showing the major sub-assemblies is
given in Figure 1.2.3/1. These are described below.

133.1. Scan subsystem -

The scan subsystem includes power, control and motor drive eectronics. the scan drive motor, the
Beryllium scan mirror, a shaft angle optical encoder, a tachometer and a torque motor. The subsystem
provides a digitaly positioned direct drive mechanism far moving the scan mirror through Earth
scanning and radiometric cdibration. The scan cycle and timing are described in Table 1.2.3.1/1 and
Figure 1.2.3.1/2.

The scan mirror is driven by a permanent magnet rotor type stepper motor with two stator windings. It
is used in a basic four step cycle with 50 cycles per rotation, giving 200 incremental 1.8 deg. steps per
rotation.

| [Hirsticd.doc)
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The resulting Earth swath is = 49.5 deg. with respect to the nadir direction.

The DC torque motor has a permanent magnet bar type rotor. This motor is used to aid in stopping the
scanner rotation at any selected position.

1.233.  Filter Whed Sub-Assembly

The separation of infra-red channel information is done by sequentially sampling the energy passing
through individual spectral filters in the rotating filter wheel. -

The filter wheel is directly mounted on the rotor of a two-phase 40-pole hysteresis synchronous motor
driven at precisely 600 revolutions per minute.

1333. Detectors

There are three detectors in the instrument. A Silicon photodiode at the instrument ambient temperature
(nominally 15 deg. C) is used for the visible channel, whereas the long-wave and short-wave IR
channels respectively use a HgCdTe detector and a InSb detector that are mounted on the patch of the
instrument radiant cooler.

1.23.4. Radiant Cooler Assembly

The short-wave and long-wave infra-red detectors are mounted on a two-stage passive radiant cooler
and operate at a stabilized 95 K temperature.

An Earth shield door on the cooler assembly shadows the radiator from Earth direct thermal input. The
door is released after the initial orbital outgas period. During the outgas / decontamination period, the
cooler temperature rises to approximately 300 K. :

The door deployment is performed by spring loaded hinges with a redundant solenoid actuated cam. The
cooler door opening mechanism is automatically de-energized within 2 seconds after the Door Deploy
Command is executed within the instrument. The door, once deployed, cannot be closed without manual
intervention.

1335.  Optica Assembly

The HIRS/4 scene energy collection optic is a 15-cm Cassegrain telescope. The collected energy is
separated by two subsequent beam splitters into long-wave IR components, short-wave IR components
and the visible channel.

Its characteristics are summarized as follows:
- Instantaneous scene field of view : 0.69 * 0.04 deg. (circular, = 10 km a 833 km orbit altitude)

- Totd telescope field of view : 1.8 deg. nominal

| [Hirsticd.doc)



Ref. : MO-1C-MMT-HI-0001

02 Rev.: 0
‘ MATRA MARCONI SPACE HIRS/4 Eif ' une, 11* 1998
Page :1.9

133.6. Baseplate

The baseplate unit is the common structure on which al other modules are mounted. |t js the physical
interface to the satellite. It is aso the major interface for the radiative thermal control Of the instrument.

EARTH SHIELD ASSY

8120710

RELAY OPTICS ASSY

COLD TARGET ASSY

8123302
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Figure 1.2.3/2 : HIRS/4 System Block Diagram
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Scan Cycle Description Sequence - Total
Durastion
Slew 0.8s 000.8 s
Space View Dwell 48 s 005.6 s
Partl: Slew 0.8s 006.4 s
Calibration Cycle Warm Target Dwell 56s 012.0s
Slew 0.8s ' 012.8 s
Earth scan #1
56 steps & dwells of 0.1 s 6.4s 019.2 s
Retrace back of 0.8 s
Earth scan #2
Part2: 56 steps & dwells of 0.1 s 6.4s 025.6 s
Earth Scan Retrace back of 0.8 s
Earth scan #38
56 steps & dwells of 0.1 s 6.4 s 256.0 s
Retrace back of 0.8 s

| [Hirsi icd.doc)
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Figure 1.2.3.1/2:
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1.3. METOP SYSTEM OVERVIEW

13.1.  Spacecraft Architecture Concept
(For information only)

The METOP mission consists Of a geocentric, three-axis stabilized spacecraft placed into a Sun-
synchronous orbit around the Earth. It is built around a primary structure consisting Of :

- a service module (SVM), which provides all standard service elements

- an upper payload module (PLM) that accommodates the different instruments and corresponding
electronic equipments.

The service module is a box-shaped structure, that interfaces with the launch vehicle at the bottom and
with the payload module at the top.

The payload module provides the main supporting structure and external panels on which are mounted
the payload instruments. It dso provides internal accommodation for both the payload support systems
and the instrument electronic units.

The METOP satellite in-orbit configuration iS illustrated in Figures 1.3.1/1 and 1.3.1/2.
The HIRS/4 interfaces with the following PLM units :

- the NOAA Instrument Interface Unit (NIU) provides all command and control interfaces to the
HIRS/4, i.e. configuration and mode switching (commands), command verification, housekeeping
telemetry acquisition, and clock and time management. The NIU also acquires the measurement data
from the instrument.

- the Power Conversion Unit (PCU) provides the HIRS/4 with the regulated buses.

- the Therma! Control Unit (TCU) provides heater power supply and acquires the corresponding
thermistor outputs.

l {Hurs | sed.doc)
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Figure 1.3.1/1 : METOP Satellite Overall Configuration (FOr Information Only)
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13.2. METOP Reference Frames

1.3.2.1. Satellite Reference Frame

The METOP satellite co-ordinate System is defined as follows (Spacecraft Absolute Reference Frame
(0,X, Y, Z)F,):

- 0is located within the spacecraft to launcher separation plane, at the centre of the attachment ri ng,

- The Xs-axis is perpendicular to this separation plane and oriented from the spacecraft towards the . .
launch vehicie,

- The Zs-axis is the norma-out of the surface that carries the stowed solar array,
- The Ysaxis completes the right-handed orthogonal reference frame.
This reference is illusuated in Figure 1.3.2/1.

During norma payload operations, the (+X)-axis will be closely aligned to the orbit positive normal
direction, the (-Y)-axis will be closely aigned to the METOP velocity vector and the (-Z)-axis Will be
closely aligned to the local downward direction (nadir)‘.

13.22. Instrument Reference Frame

The following is a requirement for the defmition of the instrument reference frame. The frame specific
to the HIRS/4 is defined in § 2.1.3.2

The ingtrument shall have a right handed orthogonal co-ordinate reference system (Xums, Yrirs: Zairs)
Fiars and it shall be defined such that :

- the origin shal be physicaly located on an accessible, identifiable instrument exterior feature (€.g. the
centre of one mounting hole, at the instrument baseplate level)

- the axes being ideally aligned with the Xs, Ys, Zs spacecraft axes. e.g. for instruments mountedonthe
platform nadir side, the datum plane which shall contain the Xyms, Yamrs axes. is the plane
containing the' unit mounting lugs, and the Zyrs axis is perpendicular to this datum plane in the
direction from the unit to the datum plane.

These axes shall be referred to on al drawings and any finite element description.

! For information, the correspondence between the METOP reference axes and TIROS reference aX€S iS
Xs METOP = Z TIROS Ys METOP = Y TIROS Zs METOP = - X TIROS

| [Hirs11cd.doc)
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Figure 1.3.2/1 : Satellite Reference Frame
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133. Orbital Parameters

133.1. Reference Orbit
METOP will be placed into the following reference orbit :

-Type: Sun-synchronous
- Semi-major axis : 7197.939 km

. Repeat Cycle : 5 days (14 + 1/5 orbits per day)
- Loca Solar Time: 09:30 A.M. descending node

The maximum solar aspect angle for this orhit is 60.5 deg. (the solar aspect angle is defined asthe angle
between the satellite to Sun line and the normal to the orbital plane).
133.2.  Drift Orbit

For METOP-1, the previous orbit will be reached after a 6-month (TBCugr) drifting phase (dual
launch), from an initia polar orbit (close to the Sun-synchronous one) with a local solar time around
10:00 AM. descending node.

The maximum solar aspect angle for this orbit is 67.0 deg. (the solar aspect angle is defined as the angle
between the satellite to Sun line and the norma to the orbital plane).

METOP-2 will be launched directly into the reference orbit.

13.4.  Satellite Mission Phases and operations

13.4.1.  Mission Phases
During its lifetime, the satellite is operated through the following mission phases :
- Launch Phase

The proper launch phase begins at the instant of switching the power subsystem to on-board batteries
before lift-off and ends at satellite/launch vehicle separation.

- Acquisition Phase

This phase Starts at the end of the launch phase and ends once the satellite has acquired its operationd
atude and orbit with its appendages deployed. An initid acquisition sequence leading to a system
secured ate. is followed by a fina acquisition period.

- Commissioning Phase

This phase starts once the attitude and orbit have been acquired and covers the time that subsystems
and instruments are checked out. It ends when the payload is operationd for the nominal orbit.

[Hirslicd.doc)
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For METOP-1, it starts when the satellite is still drifting to achieve the nomind local solar time of
09:30.

- Routine / Operational Phase
This phase starts at the end of the commissioning phase and covers the time when the instruments are
operational and the times when orbit maintenance manoeuvres are performed.
13.43. Satellite Operational Modes -
This section describes the satellite operational modes and the corresponding pointing performances.
Note : the HIRS/4 provides no compensation for satellite pointing esrors.
13421  Nomina Operational Mode

The nomina operationa mode for METOP SVM is the Y aw Steering Mode (YSM?). During this mode,
the PLM is in its Operable Mode : the instruments can be nominally operated through their
measurement, heater, calibration... modes, and measurement data are transmitted to the ground.

‘The characteristics of the satellite nomina operationd mode are the following :

Nominal Mode (YSM)
Commanded Pointing Zs Pointing towards nadir
-Ys Pointingtowardsthevel ocity
Pointing Performances (According t0 ESA Summation Rules)
Absolute Pointing Error X axis Yaxis Z axis
AVHRR/3 Line of Sight f0.17 deg. +0.17 deg. f0.22 deg.
(TBCwmer)
Pointing Knowledge xaxis Yaxis zaxis.
All Instrument |nterface + 0.17 deg. 1 0.17 deg. + 0.22 deg.
Reference Frames
Absolute Rate Error X, Y, Z axes
(Max, 0-4 Hz) £ 0.005 deg/s TBCwmer

Note : The AVHRR/3 is the reference sensor for METOP pointing.

1.3.4.22. Orhit Control Modes

The previous performances are not guaranteed during large amplitude orbit control manoeuvres for
atitude maintenance or inclination maintenance. Those are performed in SVM Orbit Control Mode
(OCM) or Fine Control Mode (FCM).

During those modes, the PLM is still operable and the instrument nominal operations are not stopped
even if the generated measurement data may be corrupted. Thisis not true for the initial orbit

2 puring the Y aw Steering Mode (YSM), the satellite Z axis (yaw) is steered according tO sinusoidal
function over the orbit with an amplitude of about 4 deg.

I' [Hirs] icd.doc)
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corrections, for which the PLM and the instrument status are in LEOP / Off Modes (see specific
provision for HIRS/4 in § 1.4.2).

Altitude Maintenance

For atitude maintenance during the routine phase (in-plane manoeuvres), the commanded attitude iS
similar to the one in the nominal operating modes (YSM or local orbital reference frame), but with
different pointing performances :

Orbit Control Mode : Altitude Maintenance

Commanded Pointing -Zs Pointing towards nadir
-Ys Pointing towards the velocity
Pointing Performances
Absolute Pointing Error . X, Y, Z axes
All Instrument Interface - % 2 deg. TBCumer
Reference Frames

Inclination Maintenance

For inclination maintenance during the routine phase (out-of-plane manoeuvres), the satellite body is
rotated by 90 deg. + 20 deg. around the yaw axis (Z-axis), and by + 20 deg. around the X-axis (local
orbita reference frame), and a thrust normal to the orbit plane is performed. The rotation direction can
be both clockwise and anti-clockwise and occurs around a node of the orbit.

The overdl manoeuvre (rotation, thrust and back rotation) is performed during the eclipse phase of the
orbit.

During these manoeuvres, the nominal mode is stopped for typ. 4 orbits, but the duration from the
beginning of first rotation to the end of back rotation is less than 1800 sec.

The pointing performances are then :

Orbit Control Mode : Inclination Maintenance
Pointing Performances
Absolute Pointing Error
All [nstrument Interface X.Y, Z axes
Reference Frames + 2 den. TBCumer

1.3.4.2.3. Acquisition Modes

The acquisition modes encompass al actions leading to a stabilized Earth attitude, including deployment
of al mgor appendages.

The corresponding SVM modes are the Rate Reduction Mode (RRM), the Coarse Acquisition Mode
(CAM), the Fine Acquisition Modes (FAM1, FAM2 and FAM3) and the Fine Pointing Mode (FPM).

| {Hirs1icd.doc}
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During these modes, the PLM is in the Lift-Off Mode and then LEOP Mode. is-general-sit IISTomesnis—

-arg-switehedoff—
Once the satellite attitude is stabilized, the pointing performances are thé following (loca orbital
reference frame):

Acquisition Modes
Commanded Pointing -Zs Pointing towards nadir
-Ys Pointing towards the velocity
Pointing Performances
Absolute Pointing Error xaxis Y axis zaxis
All Instrument Interface +50deg + 5.0 deg. £ 7.5 deg.
Reference Frames TBCwmer TBCwmer TBCwmer
Absolute Rate Error X, Y,Z axes
(Max, 04 Hz) + 0.05 deg/s TBCyer

Note : The mode sequence up to a Stabilized satellite attitude may last up to 3500 sec.

134.24. Contingency Cases
In the event of detection of a satellite fallure, severa back up modes exist & PLM and / or SVM levels.
PLM Failure Cases

For failure a PLM level only, the corresponding PLM modes are the PLM Stand-By Mode, the PLM
Fix Mode and the PLM Safe Mode, depending oOn the failure. All instruments are switchéd ,o;“
specific provision for HIRS/4 in §14.2).

The SVM is not affected and the nominal atitude is maintained (see § 1.3.4.2.1.)
SVM Failure Cases
For failure at SVM level, the PLM is forced to PLM Stand-By M PLM Fix Mode or PLM Safe

. . . ofF Hov .
Mode, depending on the failure. and all instruments are switched off (see specxﬁc provision for HIRS/4 .

in§ 1.4.2).

The SVM enters severa modes that lead to a stabilized Earth pointing attitude. Ftom an operational
point of view. those modes are Similar to the very first attitude acquisition that follows the separation
from the launch vehicle. but with deployed appendages..

Once the satellite attitude is stabilized, the pointing performances are the same as those described in §
1.3.4.2.3. with smilar delay performances up to a stabilized satellite attitude.
134.25.  Safe Mode (Sun Pointing)

In addition to the previous back-up modes, an ultimate safety level is implemented on METOP. This so-
cdled Safe Mode performs the minima functions for satellite survival by maintaining a Sun-pointed
attitude. During the Safe Mode, the PLM is in the PLM Safe Mode and all instruments are switched off

(see specific provison for HIRS/A4 in§ 1.4.2).

| {Hirs licd.doc)
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The characteristics of such a mode are:

Safe Mode
Commanded Pointing +Zs Pointing towards the Sun
The attitude is not controlled but remains
within the limits specified below
Pointing Performances
Absolute Pointing Error sun-lit phases xaxis ~ Yaxis
+ 15 deg. + 15deg.
All Instrument Interface Shadowed} xaxis Yaxis
Reference Frames + 20 deg. £ 20 deg.
Delay between eclipse and sun-lit performances : 500 s
Absolute Rate Error The rate about any axis is controlled
(Max, 04 Hz) between 0 andfo.| deg./s. TBCuer
There is no commanded spin.3

The transients to reach this final attitude may last up to one orbit. Transitions to this final attitude are
undetermined.

3" s a consequence, the (-Xs) side of the satellite. that nominally faces the cold space, may continuously

face the Eanh albedo during the safe mode.

| [Hirslicd.doc)
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1.4,  INSTRUMENT OPERATIONAL MODES

1.4.1. operational Constraints

To assure proper in-orbit operations of the HIRS/4, certain practices are to be observed during the
mission phases (see § 1.3.4.1.). These are :

a) '« = e~ Wa lannched. in the Off Mode (see § 1.4.2.1.), in order toprcVun damage to thc' )

Ore the door o Ofrenicof ,4(,”,(/,4,,”% me during the drift

ﬁ:;a“ ~ é f/’ & “Shotl be The heaters
<) Orwrool Ow /2§ seaters.
177 Pmppurndiy ha, . 5
/U Cey 75‘k .Or’/o-u(c{@.,‘/‘_’.‘a(-« e to be

e sening of the radiant
itiated from ground)
. time constraint for

I execuunyg uud - -

f) Once the door is opened, the cool down phase starts and-the-Remins surement--Mode-can-b
However IR data are not valid as long as the patch power analog telemetry point is equal to

2610 (about 48 hours). ) mencto ‘1)

~{'2)) Once the cooler door is opened, all orbit control manoeuvres (inclination manoeuvres) shall be
performed in eclipse, to guarantee the instrument mission performances.

h) The nominal operating mode for HIRS/4 is the Measurement Mode. During this mode, the only

operational requirement is for the satellite to ensure that the 256 sec. calibration is enabled (see §
1423). replacebylect 1~ 4.4.44 of NASH Comm sk

i) Because of the potentia damage to the scanner and filter wheel drive motor bearings (the motors
may not re-start). the instrument operations shall avoid to trigger the Inert Mode. All actions leading
to HIRS/M Inent Mode (see § 1.4.2.5) are considered as critical.

j» Incaseof PLM failure, the clock and power (10 & 28 V) may not be available at the instrument
interfaces for a maximum duration of 36 hours.

k) The measurement data acquisition of Digital A Data from HIRS/4 may be corrupted in case of
spacecraft failure (i.e. Data Enable and Clock interrupted and Sync. pulses present). In this case, the
instrument shall be reset by ground command i.e. by powering down to Off Mode and following
powering up the instrument to Measurement Mode.
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1.42. Instrument Mode Overview

1.4.2.1. HIRS/4 Off Mode

During the HIRS/4 Off Mode, the HIRS/4 is unpowered except for the scan motor, the filter wheel
motor and the required power buses (+28 V Main Bus and +28 V Pulse Load Bus), and the satellite
provides the HIRS/4 with a 1 MHz clock for the operation of these motors and the related +.10 V
Interface Bus. No other service (telemetry, monitoring...) will be performed. In this mode, the scan
mirror continuously rotates at 78 steps per second in a low power mode. - - -

This Off Mode for HIRS/#4 is used :
- during the METOP launch and acquisition phases, with the cooler cover door in the closed position.

- during the METOP contingency cases, with the cooler door either in the closed or open position (see §
134.2.4).

- during the METOP safe mode, with the cooler either in the closed or open position (see § 1.3.4.2.5.).
The Switched TLM bus is available a the instrument interfaces only during the PLM Stand-By and
Operable Modes. The temperatures will be monitored only during these PLM modes.
14.22. HIRS/4 Hester Mode
This mode is used for the decontamination / outgassing of the instrument. During this mode, the HIRS/4
does not generate measurement /digital A data

14221 initid Heater Mode

(A
After launch, the radiant cooler heat shall be turned on and remain on with the radiator door closed to
alow the instrument to be outgassed

This configuration, with the scanner and filter wheel motors running and the decontamination heater on,

define-s the HIRS/4 Heater Mode. .

Comm 4-..1 ~e
There is no time constraint for triggering this first Heater Mode.
Duration for the initial decontamination / outgassing :see § 1.4.1.c.

After the end of the initial heater mode. the cooler is opened : see § 1‘4'1"3‘/'1,

14222, Subsequent Heater Modes

Open-door decontaminations are done on demand They last approximately 10 days.
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1.4.23. HIRS/4 Measurement M ode

'l‘msmodcxsdeﬁnedasmenormaloperaungmodeofmeHIRS/4 with the instrument genera
measurement data. Pa-/c,( ,ﬁ,,(,w# he LTHbIU a ¥ 45&"0/-/0.»24(0'&-(

Mﬂﬁsmdc,dwscmsubsystemshanbccommandedmpafamacahbrauonsequemeway 256
seconds (40 scan line intervals). In that sequence, the scan mirror scans the Earth and retraces for 38
lines, and then performs a calibrate sequence for two scan line imtervals, and then repeats (see ' §
1.2.3.1). - '

The HIRS/4 Measurement Mode shall not be triggered if the instrument radiant cooler door is closed.

In the event that reference signals for start of scan position are lost, the HIRS/4 enters a Continuous

. Step Mode : a continuous stepping mode at a rate of 0.1 seconds per step or 20 seconds per rotation is
initiated, in the place of the nominal 6.4 second per rotation rate. This mode is automatically left as soon
as the reference signal is recovered.

1.4.2.4. HIRS/4 Commanded Position Mode

A fixed position can be commanded to accumulate long-tam data at a particular position Those
positions are :
- nedir,

-space
- Internal War& Target (IWT)
- Internal Cold Target (ICT)

Upon receipt of one of the position commands, the scanner moves to the corresponding position after
completion of the current scan line and retrace to step zero, or after completion of the calibration
sequence (See exceptions in § 3.2.2.2). The scanner maintains the position until the command is
disabled.

It is possible to go from a commanded position to another commanded position as soon as the first fixed
position. has been disabled.

Tne 1 shaesd munt ba il Heen commaudes- W/v& n Mrutok'lm//c

There is no constraint on the duration of this mode. Wole: " ( to be {ormintabhif (" Co e monad [Beey

1.4.25. HIRS/A Inert Mode
This mode is considered as a contingency mode for the instrument.
Inthe Inet Mode, the instrument is off, i.e. no power supply (but survival therma control).

The Inert Mode can only be triggered by a ground command, Note : the HIRS/4 Inert Mode can aso be
triggered as a result of on-board failure (e.g. converter, LCL...).

Prior the removal of the main power supply, the HIRS/4 shall be faced to a protected configuration. So
the’ Inert Mode shall follow a Commanded Position Mode at e.g. Internal Warm Target (see § 1.5.6) :
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the position of the scan mirror is then known at + 0.9 deg. (half step) from the commanded fixed

position.

During METOP Safe Mode, the Inert Mode is used for emergency shut-down of the instrument (see
§1.5.6.2), but the commanded position is not triggered.

1.43.  Cross Reference Between Instrument and PLM Modes
Phases PLM HIRS/4 Comments
Launch and Lift-Off Mode Off Mode Stowed cooler door
Acquisition Phases LEOP Mode
Re-Operational Phase Stand-By Off Mode Stowed cooler door
Operational Phase operable Off Mode The door is opened after
Heater Mode completion of the first Heater
Measurement Mode N ode
Comm. Position Mode
(Inert Mode)

Orbit Control Operable Any During Inclination Manoeuvres,
the HIRS/4 is placed in Off Mode
or Internal Warm Target
Commanded Position Mode

Manoeuvres Stand-By Off Mode
Contingency Cases Stand-By Off Mode
Fix (Inert Mode)
Safe
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1.5.  INSTRUMENT LAUNCH AND IN-ORBIT OPERATIONS
The HIRS/4 operational sequences, as used on METOP, are illustrated in Figure 1.5/1.

15.1. -General

Instrument operational constraints are presentedin § 1.4.1.

The minimum time between two consecutive commands is specified in § 3.2.2., except as noted below..
HIRS/4 telecommands are described in § 3.2.2.

The acknowledgement of the commands by the instrument is done as described in § 3.2.3. and 3.2.4.

Instrument Operations during tests axe described in § 5.

Heater Mode Commanded Position
Mode

'HIRS/4 Tl / Tl
—

Commands Prior .
To Launch ) Any Mode

Inert Mode

Figure 1.5/1 : HIRS/4 Mode Operation Sequence Used on METOP
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15.2.  Instrument Sequences to HIRS/4 Off Mode

1.5.2.1. Nominal Sequence to Off Mode

The instrument switch-off sequence from any mode except Inert Mode, into Off Mode (with motors
running) shall be as following :

1) Cooler Heater OFF

2) Position Disable

3) Calibration Disable

4) Filter Housing Heater OFF
5) Patch Temp. Controller OFF
6) Electronics OFF

Remark :  The command Cooler Heater OFF will initiate the cooling down of the instrument.
Triggering of the Measurement Mode can go on at any time during this cooling phase.

1.5.2.2.  Sequence from Inert Mode to Off Mode

1.5.2.2.1. Nominal Sequence from Inert Mode to Off Mode
HIRS/4 Instrument Initialization

1) Instrument OFF

2) Filter Housing Heater OFF
3) Patch Temp. Controller OFF
4) Filter Motor Power Normal

To HIRS/4 Off Mode

5) Instrument ON
6) Scan Motor ON
7) Filter Wheel Motor ON

The previous command sequences shall be executed prior to the launch.

1.5.2.2.2.  Specific Sequence Prom Inert Mode to Off Mode

If the HIRS/4 Inert Mode has been triggered by a removal of the power buses, the following sequence
shall be applied to trigger the Off Mode :

1) Apply the 10 V interface Bus

2) Apply the 28V Main Power Bus (to power the command relays)
3) Instrument OFF command

4) Apply dl remaining power buses to HIRS/4

5) Execute the sequence described in §1.5.2.2.1.
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1.533. Emergency Sequence to HIRS/4 Off Mode

: l In case of emergency (including depointing), the NIU shall issue the following command sequence to the
instrument, to switch down the HIRS/4 to Off Mode :
1) Cooler Heater OFF -
2) Position Disable
3) Cdibration Disable
l 4) Filter Housing Heater OFF
5) Patch Temp. Controller OFF
6) Electronics OFF
l This emergency switch-off sequchce shall be completed within 50 s.
To keep the motor running, the PCU (28 V) shall not interrupt the power supply to the instrument and
the JOVImu'faceBusprovidedbyﬂxeNIUvzinnotbeswitdledoﬁi The clock shall not be removed
from the interface.

Note : Handling of measurement data may be switched-off immediately after emergency signal
reception by the NIU.

1.53. Instrument Sequence To HIRS/4 Heater Mode
The instrument sequence from Off Mode or Measurement Mode to Heater Mode shall be as following.
B) FTF SU bse it ce éegzg rrrocles
1) Patch Temperature Tontroller OFF
2) Calibration Disable

3) Electronics OFF
4) Cooler Heater ON

I A) ,fof ,l.,ld Atatf/??aﬁé .

") p*éﬁ—ésyaé-:"ﬂ G,a&/ﬁ/méf on, wvark 2‘,«_{‘

2) oolor door Relons e bnsb

3/ lovber Door Deplsrs
4.//@,& Yoor utlase Desahil
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15.4. lustrument Sequence to HIRS/4 Measurement Mode

1.5.4.1. Sequence From Off Mode to Measurement Mode

Co'mmmd
Constraintsto er Measurement Mode :see § 1.4.2.3. )
Cannmu..lk Heals Hode hao beem fxtauled (See 1.83)¢mcaseof
The following command sequence is divided into wg[ steps, that can be executed &t separate timey
'1.54.1.1. Beginning of Transition Sequence (- deconfaminbics oF iniheet

éootqwmm's.

After this command, a delay of 64 s. is necessary to allow the filter wheel to achieve synchronization.
Valid visible channel data are generated.

T~
1y ge ics ON !

—9 154.1.2. , Instrument Check : . , e

Aty =T
The following seuence is mandatory only for the first in-orbit transition from Heawr..Mndc to
Measurement Mode : ,

1) Cdibration Enable
2) Nadir Pogtion

| 3) Wait 13.6 seconds as a minimum
4) Postion Disable
5) Space Postion

| 6) Wait 8 seconds as a minimum
7) Podtion Disable
8) Internd Warm Target Postion

| 9) Wait 7.2 seconds as a minimum
10) Postion Disable
11) Internd Cold Target Position

l 12) Wait 13,6 seconds as a minimum
13) Podtion Disable

443-Fiter-Moror HIZT PoWer
15-Fier-votor NommaHRawer
1.5.4.1.3. Opening of the Cooler Door A i}
This sequence shal be applied only for mgg;ng the firs Measurement Mode.
‘”\ E- l- E Rel E " -
3y—CEvoter-Doer-Beploy

3) =Ceeter-Door-Retcase-Bisable

-+ 2T PmIor Sequence
1) Patch Temperature Controller ON

2) Calibration F.nable
| l [lesllcdd } ST&-J
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3. . 0 U1 PONSEEALN O CIme reEasuremen

JEMPERATURE CONTROL may be turned ON at any time during cool down.

15.43. Sequence From Commanded Position Mode to Measurement Mode
The HIRS/4 Commanded Position Mode can be disabled a any time-with the following command :

1) Position Disable
2) Calibration Enable

1.5.5. Instrument Sequence to HIRS/4 Commanded Position Mode

The HIRS/4 Commanded Position Mode can be triggered at any time during the nominal Measurement
Mode, with the following sequence :

1) Calibration Enable

2) Nadir Postion or
space Position or
Internal Warm Target Position or
Internal Cold Target Position

The commanded position is effective within :
- 13.8 s for the nadir position command.

- 8sforthespacepositioncommand.

- 7.2 sfor the IWT position command.

- 13.6 sfor the ICT position command.
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15.6.  Contingency Operations : Instrument Sequences to HIRS/4 Inert Mode

The following switch-off sequence to Inert Mode is executed after ground confirmation.

1.5.6.1. Nominal Sequence to Inert Mode

The following sequence is valid from any mode to Inert Mode. It is divided into two steps, that can be

executed at two separate times. :
156.1.1.  Protection of the Instrument

1) Position Disable

2) Cooler Heater OFF

3) Electronics ON

4) Calibration Enable

5) Internal Warm Target Position

The protected configuration (commanded position) is effective within 6.4 s after the |ast command.

1.5.6.1.2. Complete De-Activation of the Instrument

" 1) Patch Temp. Controller OFF
2) Instrument OFF

1.5.6.2. Emergency Sequence to Inert Mode

This sequence is only valid from HIRS/4 Off Mode to Inert Mode.
In case of emergency, the command fixed position is not triggered.
The sequence is limited to :

Ingtrument OFF

Removal of power bus

| fHirs 1ied.doc)
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2. MECHANICAL AND THERMAL INTERFACE DESCRIPTION
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2.1. GENERAL

2.1.1.  Interface Definition

The interface definition for the instrument is the following :

Instrumeat Satellite

Mechanical

Instrument unit Attachment bolts

Alignment device in the form of two orthogonal Head Bold Washers

mirrors permanently mounted on the instrument | Agiygment shims

and aligned by the Instrument Supplier Ground

All insuument non flight covers (including
aperture cover, radiator dust cover and connector
I covers)

- Operational mode internal heaters,
| - Operational mode internal temp. sensors.

Mounting of operational and survival heaters,
supplied by spacecraft, to baseplate prior to
painting with pig-tails for connection to the

| {spacecraft harness.

Thermal
| Unit thermal control hardware : Thermal washers 1 & 2
- Blankets, Additional thermal isolation stand-off (TBDygy)

Baseplate radiator shield : to provide a view to
space for the baseplate radiator and shielding
from direct solar radiation onto the deployed
radiant cooler door.

Additional Sun shields : to ensure that there is no
solar illumination of the deployed radiant cooler
door.

Thermal blankets attached to the METOP
structure

Main and redundant operational METOP specific
heaters and related thermistor sensors for the
control of the temperature at the instrument
baseplate, as defined in this ICD.

survival thermostat-controlled heaters and related

hemostats for the conuol of the temperature at
the instrument baseplate, as defined in this 1CD.
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Bokt
Head Bold Washer
| Therma) Washer |
Instrument e Thermal Washer 2
Adjustment Shim
PLM Strucuze

Figure 2.1.1/1 : Definition of Attachment Hardware (Generic Schematics)

2.13. Module/ Unit Identification
The Part Number and Identification Code of the HIRS/4 instrument are:

1) Equipment Name: High Resolution Infra-Red Radiation Sounder
2) Purchase Order Or Contract Number : NASS5-30384

3) Manufacturer Name : ITT Aecrospace and Communications Division
4) PantNo: EM :N/A

FM1: 812970665 1
FM2: 812970667

5) IDCode: Cage Code 31550

6 ) METOPID Code N/A

The location of the labels giving these Part Numbers and Identification Codes are defined in the
Mechanica Interface Control Drawing (See § 2.1.4.).

! Part number given assumes that the FM1 will be H304 and the FM2 will be H306. NASA / NOM may
deliver any identicalunit to METOP.
C‘Pa"vo&nui
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2.13. Reference Frames

2.13.1. Satellite Reference Frame
See§1.3.2.1.

2.133. Instrument Reference Frame

The reference point for all mechanical and thermal data is the centre of the attachment point number 1
as shown in the Interface Control Drawings (at the interface to the PLM structure, see § 2.1.4).

The HIRS/4 Instrument Interface Reference Frame, Fygs , With the origin being at the reference point,
is as defined in the Mechanica Interface Control Drawing (see § 2.1.4.). The directions Of the Fums
axes are the same as the Spacecraft Reference Frame Fs.

2.1.4.  Interface Drawings

2.1.4.1.  Mechanical Interface Drawings

The HIRS/4 instrument configuration and mechanical interfaces are illustrated in the following interface
drawings :

- HIRS/4 Instrument Deployed Interfaces, Ref. MMS-106604-S-DD-1/4-03
- HIRS/4 Instrument Stowed Interfaces, Ref. MMS-106604-S-DD-3/4-03

- HIRS/4 Instument Connector Pandl, Ref. MMS-106604-S-DD-4/4-02

- HIRS/4 Instrument Accessibility. Ref. MMS-110216W-DD-1/1-01

2.1.4.2. Thermal Interface Drawing
‘The HIRS/4 instrument thermal interfaces are illustrated in the following interface drawing :

I -HIRS/4 Instrument Thermal Interfaces, Ref. MMS-106612-D-DD-1/1-03

2.143. Reid of View Interface Drawing
The HIRS/4 instrument field of view isillustrated in the following interface drawing :

| -HIRS/4 ingrument Fidd of View, Ref. MMS-106604-S-DD-2/4-03
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Ref.  : MO-IC-MMT-HI-0001
Issee :2 Rev. O
Dae :June, 111998

Page :2.10

MATRA MARCONI SPACE HIRS/4

2.2. MECHANICAL INTERFACE DESCRIPTION

22.1.  Physical Envelope
HIRS/4 is fully integrated into a single instrument unit.

The external unit dimensions in both launch and in-orbit modes, including thermal blankets, studs,
mounting lug and connector envelopes. shall be to a tolerance of 1 mm. These are:

HIRS/4 Configuration Y axis (Velocity) X axis Z axis

(Nadir)
Stowed Envelope 676.9 mm 463.8 mm 4034 mm
Deployed Configuration 676.9 mm 620.0 mm 4034 mm
(Cooler Door Open)

The overal dimensions are defined without thermal stand-off, which are METOP specific. and without
the connector saver.

2.2.2. Fidd of View Definition

The accommodation on METOP provides HIRS/4 with the following unobstructed Field of View (FoV,
see a0 interface drawing § 2.1.4).

The HIRS/4 boresight is defined as the nadir direction The instrument field of view definition is :

- vertex: The origin of the field of view isacircle dia. 158.8 mm, as quoted in the interface
drawing (§ 2.1.4)

- gpacecraft provision :
. Crosstrack scan plane : from 72.6 deg. anti-Sunwards to 5 1 deg. Sunwards.

This is the general envelope for :
1.5 deg. margin + 21.6 deg. anti-Sun calibration + 49.5 deg. anti-Sun-wards
49.5 deg. Sunwards + 1.5 deg. margin

Along-track plane := 2.0 deg.

The requirements for the instrument thermal radiators and the cryogenic radiator are specified'in the.
Thermal Interface Description sections of this document (§ 2.3).
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2.23.  Mass Properties

The mass properties of the HIRS/4 instrument are given in the following table. The co-ordinate system
used is the Instrument Interface Reference Frame, Fygs -

233.1. Mass and Centre of Mass Lecation

The HIRS/4 cenneofgraviwlwaﬁonhas-bemmmsmndwiﬂnnmcmmmmlwmu-
thermal stand-offs. Instrument to METOP PLM interface connectors and thermal blankets are included.

Module Specified Mass Centre of Mass Location
with Respect to the Reference Point
@05mm) TGC
/Unit Xnams Yums Zyps
(Sun) (Anti-velocity) (Zenith)

HIRS/4 35 kg " 133.9mm 314.2 mm - 143.0 mm
stowed

HIRS/4 35 kg 131.8 mm 3145 mm -144.5 mm
Deployed

HIRS/4 Mass Properties

The HIRS/4 instrument shall not exceed the above specified mass for the METOP mission.

The HIRS/4 mass shall be measured at £ 0.5 %.

The HIRS/4 basic (best estimate) mass is :

2333.

Moments of Inertia

33.6 kg (for information only).

The HIRSN moments of inertia about the centre of mass of the instrument are as follows :

l Module Moments of Inertia (kg.m?)
fUnit Ixx Iyy 12z Ixy Ixz lyz
HIRS/4 Stowed 1.232 0.433 1.163 0.009 0.016 0.045
I HIRS/4 Deployed 1.259 0.463 1.167 0.0009 0.0001 0.05 2
HIRS/4 Moments Of Inertia
Note . The moments of inertia are defined as follows :

: -l -I, I, =j(y2+zz)d’" 1, =jx_vdm

-1, I, -1, with : I”=j(x2+z2)dm and 1,2=szdm

.—IX: -ly: Iz:. I:=j(x2+y2)dm I,z=ijdm
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2.2.4. Insrument Mounting Attachments

22.4.1. Mounting Description

The HIRS/4 is mounted using the Satellite-supplied thermal washers and bolts through the instrument
mounting feet Where required METOP will provide additional thama stand-offs.

The following table describes the instrument mounting hardware :

Module /Uni{ Bolt Size |Instr. Mounting Length Torque -~ | Quantity
HIRS/4 Hole Diameter (mm) (Nm)
(mm)
(+0.10/-0.0)
Instrument Unit M5 5.61 TBDMeT TBDMeT 6
Alignment Pins N/A N/A NA N/A N/A

Tolerances are specified in the interface drawings (see § 21.4.).

2.2.4.2.  Mounting Hole Pesition and Reference Point (Hole)

The definition of the mounting holes and the instrument Reference Peint / Hole for HIRS/4 is given in
the Mechanical Interface Control Drawing (see § 2.1.4.).

2.2.4.3. Mounting Surface Characteristics

Instrument Side Surface Coplanarity Within 0.127 mm
Surface roughness of attachment face 0.8 um rms
Total area of the mounting surface 3713 mm’
.METOP Side Surface Flatness Less~thanO.1 mmin 100 mm
Surface roughness of attachment face < 1.6 microns R.A
Shimming Accuracy for Flamess Within 0.0254 mm

2.2.44. Instrument Location

The mounting surface is on the -Z (nadir) face of the balcony structure of the satellite.

2.2.4.5. Materials at Interfaces

I nstrumen ¢ Side HIRS/4 Baseplate Aluminium aloy 606 1-T65 1
Mounting Area Finish Alodyne 600
METOP Side Balcony Structure Aluminium skin with a honeycomb core
(TBCwmer)
Attachment Bolts and Washers Titanium bolts with gtainless steel
washers
Thermal iSOlation stand-off material | TBDyet

' THirs21cd.dac)
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2.2.4.6. Thermo-Elastic Interface

The thermo-elastic characteristics shall be defined in a reduced mechanical interface model as defined in
§ 2.2.8.5.

2.2.4.7. Grounding Provisions
Groundmg toﬂwspacecraﬁstrucmrexsachnevedbyaMETOPprovxdedgmmdmgsu'ap

mlmanBDm)ofmegmMngMOnmemsmmunmdeﬁmdmmeMmmcal Interface ,
Control Drawing (see § 2.1.4.).

2.2.5.  Accessibility

Accessibility to specific parts of the instrument shall be guaranteed, when accommodated on METOP.
The faces on which specific parts are accommodated are defined in the following :

HIRS/4
This table indicates the viewing direction from the instrument.
" ltem Instrument side Access Required

1 |Electrical Connectors +X During AIT activities

2 Connector Savers +X During AIT activities

3 | connector dust caps +X When the instrument is not in use.

4 [Test connector cover +X During al AIT activities

5 |Alignment Mirror 1 Z During AIT alignment activities

6 |Alignment Mirmror 2 +Y During AIT alignment activities

7 | Dust cover for the scan cavity Z During al AIT activities. except
TB/TV andvibration

8 | Dust cover for the radiant cooler -X During al AIT activities. except
TB/TV and vibration

9 Purging interface None

The detailed position of these items are inacatea on'me Mechanical Interface Control Drawings(§
2.14.).
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2.2.6. On-Ground Alignment

2.26.1.  Alignment Method

The primary co-registration of HIRS/4 interface is with respect to AVHRR/3 interface. The instrument
provides no means of alignment adjustment. HIRS/4 is attached to the METOP PLM structure with a
placement accuracy of + 0.3 degrees. No mechanical means of adjustment for rotation is foreseen about
any axis for initial ground co-registration. The instrument is accommodated aceepting the X, Y and Z
axis positions. Measurement of the alignment of HIRS/4, with respect to the spacecraft reference axis,
is by use of the instrument provided optical reference mirrors mounted on the inswmmmt and is
measured to an accuracy of + 0.006 degrees. The co-alignment between HIRS/4 and AVHRR/3 is
measured to an accuracy off 0.009 degrees.

The cross references between the instrument boresight axis and its optical alignment surface and
between the optical alignment surface and the instrument mounting surface are established at instrument
level and reported in the Acceptance Data Package.

2.2.6.2. Alignment Hardware

The position of the instrument optical reference mirrors is given in the Mechanical Interface Control
Drawing (§2.1.4).

HIRS/4 Alignment Mirrors

Description Two orthogonal alignment surfaces

Alignment Surface Viewing Direction | Satellite -Z and +Y sides.

Surface Size (for one surface) > 507 mm?

Surface  Characteristics Polished flat to within A/4 where A = Sodium Yellow (632.8
nm)

Surface Orthogonality The two aignment surfaces are approximately orthogond,

with a known angular displacement that will be documented in
the Acceptance Data Package. The mirror angular
measurement accuracy is £ 0.00975 deg. (0.17 mrad.)

Protecuon of the alignment surfaces for al periods when not in use : tape TBDygg.
These mirrors are not removable.

Compatibility with METOP aignment plan iS TBCygr.
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2.2.63. Alignment Tolerances for Instrument Interfaces

Ref.
Issue
Date

Page

&I_M‘h 7‘& Cnl‘h 7’6 cl/ll

: MO-1IC-MMT-HI-0001
:2 Rev.: 0

: June. 11® 1998

:2.15

METOP Axes X Y z Respon-

(2 Sigma Values) (Deg) | (Deg.) | (Deg.) |sible
Absolute alignment tolerance
between the instrument lineof sight. $025 . | £025* | £0.25* | HIRS/4
and " the optical alignment surface.
Change of alignment tolerance after environmental teat
between the instrument line of sight +£005 [ £005*| £0.05 | HIRSA
and the optical alignment surface
Absolute alignment tolerance
between the instrument line of dght +025* | £0.25* - HIRS/4
and its mounting surface
Change of alignment tolerance after environmental test
berween the instrument |ine of sight £005 [+£005* | HIRS/4
and its mounting surface
Absolute aignment tolerance
between the instrument line of sight - - +0.25* | HIRS/4
and the mounting surface hole pattern.
* Budget inputs for METOP ¢re-valus-provided by NASA).
2.2.7.  Deployment Mechanisms and Pyros
2.2.7.1.  Deployment Mechanisms
The door for the HIRS/4 radiant cooler is deployable :

Cooler Door Deployment

Sequence Single event

Mechanism Spring driven

Release Solenoid release

or manual release for tegting
Reverse Operation Manua only

22.172. Pyros
Not applicable for HIRS/A.
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23.8.  Interface Structural Design

Flight Limits Loads are enveloping the |0ads, including launch, manufacnuing, handling, transportation
and ground testing (excluding qualification testing).

Qualification Limit Loads add a qualification factor (1.25 for METOP) on top of the Flight Limit
Loads.

2.2.8.1. HIRS/4 Limit Loads

The HIRS/4 is tested to the following limit loads applied at the instrument interface attachment points :

Load Axis
X Y yA
Maximum Flight Limit Load 15.64 g 15.64 g 1564 g
Qualification Limit Loads 1944 ¢ 1944 g 1944 ¢

22.8.2. METOP Induced Limit Loads

Preliminary analysxs indicate the following maximum predicted limit loads applied to the HIRS/4 during
the METOP mission :

Maximum Flight Limit Load 2168 Applied at unit centre of gravity

Qualification Limit Loads 270 g in any spatia! direction

Figure 2.2.8.2/1 : METOP Induced Loads for HIRS/4

These levels will be revisited following future structural analysis and the METOP structural mode! test
campaign.
2.2.83. I-g Interface Loads

The HIRS/4 |-g interface loads, calculated at each interface point (zero preload). with the instrument
hard-mounted configuration are presented in the following table :

HIRS/4 Hard Mounted Interface Loads )
Based on 1 g Applied in X ]
Attachment Id. Shear Force Axial Force M t
(N) (N) (an‘t:)
1 56.96 -160.53 38490
2 23.29 -293.36 7258
3 83.55 -309.62 19087
4 44.89 -204.18 30866
5 89.51 -340.59 36790
6 70.01 -129.53 19432
Alignment Pin N/A N/A N/A
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HIRS/4 Hard Mounted Interface Loads
Based on 1 g Applied in Y
Attachment Id. Shear Force Axial Fo! Moment

N N)- (N.mm)
1 160.72 ' 4247 84859
2 216,11 -224.14 57421
3 332.67 261.15 ] 55984
4 181.17 207.67 45821
5 338.78 -12.75 43516
6 155.41 -189.47 36522

Alignment Pin N/A N/A N/A
HIRS/4 Hard Mounted Interface Loads
Based on 1 g Applied in Z
Attachment Id. Shear Force Axial Force Moment

(N) (N) (N.mm)
| 192.03 -174.06 26404
2 88. 32 -214.59 67395
3 268. 83 -284.82 72982
4 310.70 294.12 68356
5 388.87 221.31 116663
6 214 46 158.05 33358

Alignment Fin N/A N/A N/A

2.2.8.4.  Structural Frequency Characteristics

2.2.84.1. Launch Configuration Frequency Characteristics

The following gives the dynamic frequency characteristics of the HIRS/4 sensor unit in the launch
configuration.
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HIRS/4 Sensor Unit - In-Orbit Configuration Stowed

Freq. Mode Effective Mass (kQ) Effective Inertia (kg.m?)

(Hz, £ Mx My Mz K Iy Iz
TBDgr %)

68.4 1. Earth shield rotation Z 0.001 | 0.024 | 0.003 | 0.000 | 0.000 | 0.011

121.4' | 2. Rear sunshieldmotion in Y | 0.001 10.309 | 0.026 | 0.005 {0.000] 0.000
147.5 3. Patch on radiator motion in 0.021 | 0.030 | 2.160 | 0.000 | 0.003 | 0.010

X

168.0 4. Scan housing/front sunshield | 0.283 | 3.480 | 0.077 | 0.000 | 0.000 | 0.000
motion in Y

183.8 5. Scan housing/front sunshield | 0.012 | 1.720 | 0.050 | 0.005 | 0.000 | 0.000
motion in Y

189.6 6. Patch on radiator rotation Z 0.039 | 0.157 | 4.310 | 0.000 | 0.010 | 0.005

196.6 7. Patch/scan mirror/shaft 0.005 | 0.002 | 0.809 | 0.000 | 0.002 | 0.003
rotation Z

HIRS/4 Eigen Frequencies and Associated Effective Masses and Inertiae
for the Launch Configuration

2.2.8.4.2. In-Orbit Configuration Frequency Characteristics

The following gives the dynamic frequency characteristics of the HIRS/4 sensor unit in the deployed
configuration.

HIRS/4 Sensor Unit - In-Orbit Configuration Deployed
Freq. M o d e Effective Mass (kg) Effective Inertia_(kg.m?)
(Hz, £ . Mx My Mz Ix ly Iz
TBDgy %)
27.5 1. Earth shiéld rotation Z 0.003 | 0.001 | 0.001 | 0.006 | 0.000 | 0.000
1214 2. Rear sunshield motion in Y 0.001 | 0.310 | 0.032 | 0.005 { 0.000 | 0.000
146.6 3. Paich on radiator motionin X | 0.045 | 0.049 | 2.610 | 0.000 | 0.007 { 0.015
162.2 4. Radiator/paich/shield, 0.362 | 0.023 | 3.540 | 0.002 | 0.065 | 0.015
rotation about Y .
168.1 5. Scan housing/front sunshield | 0.236 | 3.640 | 0.011 | 0.000 | 0.000 | 0.000
motionin Y :
183.8 6. Scan housing/front sunshield | 0.013 | 1.880 | 0.031 | 0.006 | 0.000 | 0.000
motionin Y
189.4 7. Patch on radiator rotation Z 0016 | 0.113 | 1.810 | 0.002 | 0.002 | 0.009
196.5 8. Patch/scan mirror/shaft 0.018 | 0.338 | 0.871 | 0.003 | 0.002 | 0.022
rotation Z

HIRS/4 Eigen Frequencies and Associated Effective Masses and Inertiae
for the In-Orbit Configuration.
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2.2.8.5. Structural Mathematical Models - Applicability for HIRS/4
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The requirements for delivery and format of instrument structural mathematical models are provided in
AD2. This section &fines the applicability of deliverable mathematical models for HIRS/4.

2.2.8.,5.1.  Full Static Model
Not applicable for HIRS/4.

2.2.8.5.2. Reduced Dynamic Model - Launch Configuration
Not applicable for HIRS/4.

Required Model for HIRS/4 : Yes.

2.285.4. Simplified Thermo-Elastic Model
Required Model for HIRS/4 : Yes
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2.3. THERMAL INTERFACE DESCRIPTION

23.1.  Thermal Control Concept

‘ The Instrument Supplier is responsible for the thermal design and the thermal analysis of the instrument
within the METOP defined thermal interface constraints.

For the TIROS implementation, the HIRS/4 supplies the following internal hardware’ :

- Internal baseplate heaters
l - Internal baseplate Platinum Resistance Thermometer (PRT)

All connections of the active therma control of the instrument are done to the JO8 connector.

For the METOP implementation, the use of-this: hardware is as follows :

- the HIRS/4 internal baseplate heaters and internal baseplate thermistor are not used (TBCm:r)

- the JO8 connector is notused , . L, 'W'ZJI\IH

Instead main and redundant operational METOP—speaﬁc heaters and related thermistor sensors for
control of the instrument baseplate. and survival heaters are used for thermal control.

23.1.1. Therma Control During Nominal Operations

The nominal operations correspond to the HIRS/4 Measurement Mode, Decontamination M ode (=
Heater Mode) and Commanded Postion Mode.

The instrument thermal control concept during Measurement Mode and Commanded Position Mode can
be summarized as follows :

a) The detector temperature iS controlled by means of a radiant cooler to deep space.

b) The instrument unit temperature is controlled by passive design (blankets and small radiating
surfaces).

¢) The baseplate temperature is actively controlled by the spacecraft Thermal Control Unit (TCU).
METOP specific heaters are externally mounted on the baseplate and METOP specific temperature
sensors for the baseplate are used for the thermal control by the spacecraft TCU.

For Decontamination Mode, the instrument decontamination heater and thermistor are monitored under
the responsibility of the HIRS/4. The power is provided by the +28 V regulated bus and does not exceed
the values allocated in § 3.4.2. These heater and thermistor do not require a specific interface with
METOP.
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23.1.2.  Therma Control During Non Nominal /Contingency Operations

23121 Generd
The non nominal / contingency modes correspond to the HIRS/4 Off Mode and Inert Mode.
The baseplate temperature is controlled using thermostat-controlled hesters and related temperature
thermostats.

2.3.1.2.2. Transent Attitudes

When the scanner motor is running, exposure of the HIRS/4 optical aperture to the Sun will not cause
damage to the instrument. .

This statement is aso vaid when the HIRS/ isin Intema Warm Target Commanded Position Mode.

The radiant cooler can be exposed to full Sun light for a maximum period of 14 minutes. This assumes
that the patch starts at its nominal control temperature, i.e. 95 deg. K (= Measurement Mode
configuration).

23123 METOP Orbit Control Modes

The HIRSN is compatible with the METOP orbit control modes (See § 1:3.4.2.), provided the
inclination manoeuvres are performed in eclipse.

This statement is aso valid when the HIRS/4 is in Intemal Warm Target Commanded Position Mode.

2.3.1.24. METOP Safe Mode
The HIRS/4 in the Off mode is compatible with the M& TOP safe mode as defined in § 1.3.4.2.
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23.2.  Instrument Thermal Requirements
232.1. Instrument Temperature Range

2.32.1.1.  On-Orbit Temperature Range
The following are the on-orbit temperature limits (far reference only, see § 23.22) :

Deg. C Operational Non Operational(Other Switch-On
(Measurement and Modes)
Comm. Pesition Modes)
Min. Max. Min. Max. Min.
Temperature +10 +20 -5 +30 0
Ref. Point Baseplate . Baseplate Baseplate
Location

2.3.2.1.2. Ground Testing Temperature limits
The following temperatures will not be exceeded during all ground tests :

Deg.C Operational Non Operational Switch-On
(Measurement and (Other Modes)
Comm. Position Modes)
Min. Max. Min. Max. Min.
Temperatuye’ 0 +30 -5 +30 0
Ref. Point Baseplate Baseplate Baseplate
Location

Under these extreme temperatures, the instrument may not meet its radiometric specification.

2.3.2.13.  Ground Storage and Transportation Temperature Range

During ground storage, with the instrument installed on the PLM or satellite, and during transportation
of the complete PLM or spacecraft, the temperatures of the instrument will be maintained in the range:

LA M 4ol

The instrument in its dedicated transport comtainer Will be exposed to ‘30/-601eg C. ¥fneeded—
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233.2. Temperatures at the Interface

The operating, non-operating and switch-on temperatures for the HIRS/4 instrument gt the instrument /
satellite interface are defined hereafter.

Deg.C Operational Non Operational Switch-On
-(Measurement and (Other Modes)
Comm. Position Modes)
Min. Max. @ ‘Min. Max. Min.
Temperature +5 1-/26/ Q’O\./ -5 +30 +5
Ref. Point Baseplate Baseplate Baseplate
Location

The Temperature Reference Point(s) on the instrument baseplate a which these temperatures apply is
l (are) defined in the Thermal Interface Drawing (TBDwer).

There is no thermal gradient requirement across the baseplate. However thermal gradients shall be
minimised by optima positioning on the baseplate heaters.

Stability Requirements
There is a Stability requirement for the baseplate only during the Measurement Mode.

Within one orbit, the maximum alowable temperature variation of the baseplate shall be 5 deg. pesk to
peak.

A short term stability is defined as 0.3 deg. K within a period of 256 seconds.
The long term mean temperature Will fall within the defined operating temperawre range.

23.23. Radiative Requirements
The following sunshields are provided :
Instrument Leve

A Sun shield is included in the HIRS/4 design to protect direct Sun entering within the optical aperture
during nominal operations. and is compatible with the METOP locd solar time, including drift.

Satellite Level

A satellite-provided Sun shield, dedicated to the instrument, is used to :
- Prevent solar illumination of the baseplate radiator area ;

- Give a view to space for the baseplate radiator in the -X direction

- Prevent solar illumination of the deployed door during nominal operations.
The HIRS/4 ingrument performances are compatible with an exposure to Sun light of its door
in the open position, to an equivalent surface normal to the Sun of up to 20.6 cm?. This
Statement is vaid at both beginning and end of life.
Thisis a pre-requisite to get vaid radiometric data from the instrument.
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2.33.  Thermal Control Budgets
233.1. Heater Power Budgets
The heater power budgets for the HIRS/4 insuument are :
Module Heater Power Budget (Watts)
HIRS/4 Meass. & Com. | Meas. & Com. | Inert Mode * | Imert Mode *
Position Modes | Pesition Modes
Hot Case Cold Case Cold Case Safe Mode
(EOL) (BOL) (BOL) (BOL)
Baseplate Operationa 15 TBCygT 15 TBCpyer NA NA
Heaters
Baseplate Survival N/A N/A TBDMeT TBDMET
Heaters

Asfar as survival heater power budget is concerned, HIRS/4 Inert Mode case covers the
HIRS/4 Off mode case

Note : the patch heater power consumption in Heater/ Decontamination Mode is acanmted for at
insuument level (see § 3.4.2).
2333. Instrument Thermal Dissipation

The dissipation of the HIRS/4 instrument is constant throughout the orbit and is (see § 3.4.2) :

HIRS/4 Thermal Dissipation (Watts)
Satellite Nomina Operating Modes Safe Mode
Minimum Dissipation Maximum Dissipation min / Max ,
Meas. & Corn. Other Meas. & Corn. Heater Mode Inent / OFF
Postion Modes Pogition Modes E O L EOL
BOL EOL
17.31 0 27.00 44.06 0/ 17.43
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' ' 23331

The averaged calculated conductive heat transfer between the Payload Module balcony structure and the

Conductive Heat Transfer

HIRS/4 baseplate for different cases are :
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Conductive Heat Transfer (Orbit Average, \Watts) )
Between the METOP Structure and the HIRS/4 Baseplate
Satellite Nomina Operating Modes Safe Mode
Minimum Maximum min / Max
Meas. & Corn. Other Meas. & Corn. Heater Mode
Postion Modes Postion Modes
TBDyer TBDwmer TBDmer TBDygr TBDyer

2.3.3.3.2. Joint Characteristics

N/A.

23333

The ‘averaged calculated radiative beat transfer between the Payload Module structure and the HIRS/4

Radiative Heat Transfer

for different cases, as determined from the coupled anaysis, are:

Radiative Heat Transfer (Orbit Average, Watts)

HIRS/4 Satellite Nomina Operating Modes Safe Mode
Radiators Minimum Dissipation |  Maximum Dissipation min / Max
Meas. & Other Meas. & Heater Mode

Corn. Pos. Corn. Pos.
Modes Modes
TBDueT TBDMgT TBDmer | TBDumer TBDpgY TBDyer
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23.4. Thermd Interface5
The conductive and radiative characteristics are represented by the Reduced Thermal Model detivered
and integrated into the overall METOP Thermal Model as specified in § 2.3.4.6.
2.34.1. Conductive Interfaces
I The total thermal conductance between HIRS/4 and the Payload Module is TBDyer W/K.

23411  Description

The conductive interfaces are the mounting feet which are defined in the Mechanical Interface Control
Drawing § 21.4.).

| 1)  The mounting foot areais: 618.8 mm* / foot
2)  Number of feet : 6
3)  Thermal filler: Not required
2.3.4.1.2. Bolts

The bolts are defined in § 22.4.

2.3.4.1.3. Thermal Stand-Offs

Thermal stand-offs will be used between the HIRS/4 mounting feet and the spacecraft balcony. The
definition of these stand-offs is contained in the Thermal Interface Control drawing (TBDwuer).

23.42. Radiative Interfaces

2.3.4.2.1. Radiator Characteristics
The HIRS/4 radiator areas are :

Unit Viewing Radiator Area Thermal FOV
Direction | Available (m?) Used (m?) Achieved
Radiative Cooler * -X 0.0562 0.0562 TBDyer
Baseplate Z 0.1039 TBDMET TBDyeT

« Not used for the instrument thermal control.
Thermal Fieid of View Occlusion

The interactions within the cryogenic radiator field of view, are illustrated in the following table.
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Interaction With View Factor Sink Temperature (Tsink)
AVHRR/3 Earth Shield TBDME[ TBDMET
HIRS/4 Patch TBDyer TBDyeT
to AVHRR/3 Sun Shield
HIRS/4 Radiator TBDmet TBDMET
to AVHRR/3 Sun Shield
IASI Earth Shield TBDwzer TBDyzgr

2.3.4.2.2." Thermo-Optical Properties

The external surfaces of the HIRS/4 instrument, and the finishes used are given in the Thermal Interface
Drawing (§ 2.1.4.). The baseplate mechanical characteristics (planarity, materials...) js described in the
Mechanical Interface Description Sections (§ 2.2.4.).

The thermo-optical properties of the finishes are given in the following table : /TBG}H,QS

# Acronvm Surface / Material Solar Absorptance I IR
BOL EOL | EOL | Emit-
Syr. | 6yr. e| tance
1 BLKHNYTTT | - Calibration targets, Baseplate 0.98 0.98 0.98 0.98
radiant cooler / Black Honeycomb
(Cal. Targets)
6 - Radiator / Black Honeycomb
2 HIOPTCTTT Optics Housing 0.92 0.92 0.92 0.90
3 CHMB3O06TTT | Cavity radiating area, Inside cavity 0.95 0.95 0.95 0.90
housing. outside scanner Sun shield /
Black Paint Lord Co. 2306
4 MIRRBKTTT | Mirror Back/Nickel Plate 0.43 0.43 0.43 0.19
5 MIRRFRTTT | Mirmror Front J Vapour Aluminium 0.12 0.16 0.16 0.055
Deposit Over Nickel Plate
7 Void
8 AGTEFLSMO | Outside radiator door, Y face of the 0.09 0.15 0.16 0.80
scanner Sun shield
/ 5 mil Silverized Teflon (FSSM)
9 | KAPTONSMO | ITO Aluminized Kapton (5 mil) 0.59 0.72 0.74 0.80
10 EXTVDATTT | Aluminized Kapton Tape 0.12 0.13 0.13 0.05
(External Surface)
11 MS7T4WPTTT White Paint MS 74 0.17 0.24 0.24 0.90
12 | GOLDALTTT | Edges around cooler, Inside of cooler 0.24 0.30 0.30 0.03
door / Gold Coated Aluminium
(Electro-Deposit)
13 | VACDALTTT | Inside of cooler door- 0.12 0.12 0.13 0.05
/vacuum Deposit Aluminium

* : Extrapofated 1fom 3 year gata
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2343. Therma Heat Capacity
The thermal heat capacity of HIRS/4 iS TBDyr J/K.

2.34.4. Instrument Temperature Measurement

For the thermal control of the instrument baseplate radiator, the tempe:amre sensors are mounted on the
baseplate itself. These are used for control of the baseplate temperatures in all instrument modes.

Location: . onthe HIRS/4 baseplate and shown on the interface drawing (TBDmer).

23.45. Heater Definition
The following heaters are implemented on the HIRS/4 :

Location Number ‘Total Resistance |[R& stance Remark
(Q at 25deg. C) Variation
+5% . AR/R
Baseplate, TBDMET TBDper TBDmer/deg. c| METOP gspecific
Operationa  Heaters
Survival Heaters

Note : the outgassing heaters, filter wheel housing heaters and window heaters are to be considered
as instrument internal heater (the related heater power is accounted for in the instrument power
consumption budget). so are not used for thermal control from the satellite point of view.

23.4.6. Thermd Interface Models

A reduced mode! is required for HIRS/4 for the system thermal analysis, as specified in AD3 :

e Deployed configuration

e Stowed configuration (radiative)

8 Stowed configuration (convective)

See ADS, AD7.
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2.4. INSTRUMENT AND DISTURBANCE INTERFACES

Definitions

The co-ordinate system used is the Instrument Interface Reference Frame, Fyrsu - The directions of the
Figrs axes are the same as the METOP Spacecraft Reference Frame Fs.

Static Imbalances . _
‘When the centre of mass of the rotating assembly is not aligned on the rotation axis, forces are
generated in the plane normal to the rotation axis and time varying with the angular profile. The static
imbalance is the product of the rotating assembly mass with the distance between the centre of mass and
the rotation axis (unit : kg.m).

Dynamic Imbalances

If the products of inertia of the rotating assembly with respect to the rotation axis are non zero, the
rotation along this rotation axis generates torques aong the axis normal to the rotation axis. Assuming
that the rotation axis is the X axis, the dynamic imbalances are the cross products of inertia Ixz and Ixy

(unit : kg.m?).

24.L Ingrument Induced Disturbances and Shocks

24.1.1.  Non-Recurring Transient Events

The HIRS/4 non-recurring transients events are :

- Deployment of the radiant cooler door, to reach the in-orbit configuration of the instrument.

- Filter wheel drive motor ramp-up and ramp-down : those are to be considered as contingency cases
(trangtion from Inert Mode to Off Mode and from Off Mode to Inert Mode).

They are described with the following tables.
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24111 Cooler Door Deployment
Cooler Door Deploynrent - Single Event Shock
Rotation about -Y axis
Deployment Duration <0.1s.
Impact Duration (impact of door on door stop) | Nomina : 0.00192s. (See RD12) < 0.002 s.
Totd moment of inertia of the moving part TBDuxr
Compensation None

Maximum uncompensated kinetic momentum

0.02 Nms (TBCag) On the X axis
0.14 Nms (TBCa) On the Y axis
0.02 Nms (TBCg) on the Z axis

Maximum residua force and torque
at the instr. interface 2

Fx<96 N
Fy<59N
Fz < 153N
Cx<0.61 Nm
Cy<1.10Nm
Cz<0.01 Nm

24.1.1.2. Filter Whed Drive Motor Ramp-Up
Filter Wheel Drive Mechanism - Ramp-Up (Contingency Case)
Rotation about +X axis
Rotation rate From O to 600 rpm (10 Hz) over 30+ 155,

Profile : with constant acceleration

Totd moment of inertia of the rotating mirror

3.53 g.m? wrt rotationa axis (nomina inertia)

Compensation

*None

Maximum uncompensated Kinetic momentum

0.226 Nms on the X axis
< 0.0071 Nms on the Y axis
< 0.0071 Nms on the Z axis

Maxsmum residual force at the instr. interface
without the effects of static imbalances

0.01 N on all three axes

Maximum residual torque
including the effects of dynamic imbalances

< 0.0247 Nm on all three axes

Stauc imbalances (see definition § 2.4.)

Max : 1.44 103 kg.m

Dvnamic imbalances  (see definition § 2.4.)

Included in maximum residua torque

2 Those values are max values over a 10 ms period from cooler door release and are mainly due to high

frequency (< 300 Hz) components. They include uncenainties (See RD12)
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24.113.  Filter Whed Drive Motor Ramp-Down
Filter Wheel Drive Mechanism - Ramp-Down (Contingency Case)
Rotation about +X axis
Rotation rate From 600 (10 Hz) toOrpm over 50+ 15 s,

. Profile : with constant acceleration

Totd moment of inertia of the rotating mirror

3.53 g.m? wrt rotational axis (nominal inertia)

compensation

None

including the effects of dynamic imbalances

Maximum uncompensated kinetic momentum | 0.226 Nms on the X axis
| < 0.0071 Nms on the Y axis
< 0.0071 Nms on the Z axis
Maximum residual force at the instr. interface 0.01 N on all three axis
without the effects of static imbalances
Maximum residual torque < 0.0247 Nm on all three axis

Static imbalances (See definition § 2.4.)

Max :1.44 105 kgm

Dvnamic imbalances  (see definition § 2.4.)

Included in maximum residual toraue
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24.11.  Continuous / Recurring Transient Events

The HIRS/A continuous / recurring transients events are :

- Scanning motor continuous rotation (steps) and filter wheel continuous rotation : configuration used in
launch phase (Off Mode).

- Scanning step motor and filter whee continuous rotation : configuration used in operational phase.

Those modes are described with the following table :

Scanning Step Motor & Filter Wheel Continuous Rotation
Rotation about +X axis for the filter wheel
+Y axis for the scanner (Note 1)
Rotation rate Filter wheel : 600 rpm (10 Hz)
Scanner : step motor, scancyclein § 1.2.3.1.
Tota moment of inertia of the rotating item Filter wheel :
3.53 gm? wrt rotationa axis (nomina vaue)
Scanner :
0.664 g.m* wrt rotational axis (See Note 2)
Compensation None
Maximum uncompensated kinetic momentum Total for Filter Wheel and Scanner :
(See Note 3) 0.226 Nms on the X axis
0.0071 Nmson the Y axis
0.0071 Nms on the Z axis
Maximum residual force at the instr. interface Total for Filter Whee! and Scanner :
without the effects of static imbaances 0.01 N on all three axis
Maximum residual torque Filter Whed :  0.007 Nm £ 0.002 on X
including the effects of dynamic imbaances <0.000l NmonY & Z (TBCur)
Scanner : < 0.007 Nm £ 0.002 on Y
< 0.0001 Nmon X & Z (TBCyr
Residual torque vs. time TBDmr
Residua torque numeric description 3 To be supplied by HIRS/4
Residua torque spectral decomposition Frequency (Hz) Amplitude (Nm)
10.0 ,0.005on X (TBCH]R)
TBDH!R TBDum onY
Stauc imbalances (see definition § 2.4.) Filter whed :  Max: 1.4410kg.m
Scanner TBDr
Dvnamic imbalances  (see definition § 2.4.) Included in maximum residua torque

Note 1: The scanner continuoudly rotates (78 steps persecond  each step iS 1.8 deg.) about +Y during
the launch phase. However, during the instrument operational phase, the scan mirror is

3 This description (effective residua torque for each axis, including transitories, noise... and representative
from 0 to 150 Hz.) shall be provided on a numeric tape with a sampling frequency greater than 1000 Hz
and an output format compatible witb FORTRAN (double precision if possible).
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stepped across the scene (rotation about +Y), then reverse direction to return to the starting
position.

The inertia tensor (£15%) of the rotating scan mirror assembly in the instrument coordinate
system is :

TR . 0.2454  -0.2923 +3337.E-6
-1, I, -1, =| A.2921 -0.6290. 0.000 |g.m?
-1, -I, I,, [+3337.E-6 0.000 2385 -

The calculated, nominal values for uncompensated kinetic momentum are (for information

only) : Filter Wheel Scanner
Hx= 0.2218 + 0.001835 = 0.224 Nms
H,= 0 + 0.004 = 0.004 Nms
H,= 0 + 0 = 0 Nms

Flexible Modes

The HIRS/4 does not have flexible mode on the X, Y, Z axes. in the range [0 . 10] Hz.

24.1.4.

Induced High Frequency Disturbances (Micro-Vibrations)

| METOP assumes compatibility of HIRS/4 with the following METOP specific requirement.

The HIRS/4 does not induce disturbances on any axis above 102 N (force) and 102 Nm (torque) above

10 Hz.
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2.4.2. Compatibility With Satellite Dynamic Environment

2.4.2.1.  General Mission Environment

| The HIRS/4, in any operation mode, Will be exposed to the following insorbit dynamic environment
(frequency range : 0- 10 Hz) :

Linear acceleration on X, Y, Z axes at METOP satellite centre of mass * 0.02m/s?
Angular rate about X, Y, Z axes Tdeg/s
Angular acceleration about X, Y, Z axes 05deg/s?

* : With respect to the METOP satellite centre of mass, the HIRS/4 reference point (see § 2.1.4.1) is
locatedat:

-45
-03

2.4.2.2.  Environment During Satellite Deployment Sequence

The instrument, in any operation mode, will be exposed to the following in-orbit linear and angular
acceleration levels at the instrument interface reference point :

Amplitude
N X 0.3 mss?
LYY = 1.0 m/s?
L1 Z 1.01ds.
L2l X 0.025 m/s?
LY =] 0.100 m/s?
> Time zZ 0.100 mvss?
0O 10ms TBDs

Maximum Linear Acceleration Amplitude Versus Time

Amplitude
N X 1.3 deg./s?

Ll Y =] 13deg./s?

2

L1 Z 1.3 deg./s
L2 . X 0.65 deg./s?
LY =050 deg./s’
> Time z 0.50 deg./s?

0 10ms TBD s

Maximum Angular Acceleration Amplitude \/ersus Time
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2.4.23.  Micro-Vibration Environment
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HIRS/4 will be exposed to in-orbit TBDuer disturbances with a frequency greater than 10 Hz.
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3.1. ELECTRICAL INTERFACE OVERVIEW

The avionics interface between the METOP Payload Module (PLM) and the HIRS/4 instrument iS
mainly handled via the Power Conditioning Unit (PCU) and the NOM Interface Unit (NIU).

Figure 3.1-1 gives an overview on the electrical interfaces between the PLM and the HIRS/4.

For adaptation of the single ended interfaces of the HIRS/4, a special grounding concept is described in
§ 3.8 (EMC).

The command and housekeeping budget for the instrument is as follows :
- 26 pulse discrete commands

- 14 digital B parameters, each 1 bit

- 16 analogparamem,eachtobeconvqtedtoBtits within NIU.

+28V Main Power Bus

+28V Switched TLM Bus

PCU

+28V Pulse Load Bus

+lOV Interface Bus

o

1.246 MHz Clock

26 ,Pulse Dircrete Commendr
7

Analog Telemetry 414
A

HIRS

Temperatures (TLM Bus) ,2
A )

Digital B Tebmeby 414
A

NIU

Maior Fra. Bvnc (32 8)

Cal.Pulse (256 @ )

1 Hz Clock

Data Enable

6.32 kHz Clock

Digital A Data Output

Fig. 3.1-| PLM to HIRS/4 Electrical Interface Overview
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3.2. COMMAND AND CONTROL FUNCTIONAL DESCRIPTION
This section describes the command and control concept for the HIRS/4 Instrument.

‘Command and Control" comprises the activities resp. data flows for commanding of the instrument as
well as for the acquisition of instrument housekeeping data.

Additionally, the instrument provides an interface of measurement data which is described in § 3.3.
These two data sets are treated separately in the METOP satellite.

Commanding of the instrument and acquisition of instrument housekeeping telemetry is performed under
the control of the Payload Module Controller (PMC). Commands are distributed from the PMC via the
PLM OBDH Bus to the NOAA Interface Unit (NIU) which translates or converts the functional and

electrical interfaces t0 NOAA instruments. Vice versa housekeeping data are transferred from an
instrument to the PMC.

Threedatasetsaremadeavailabl ebytheinstrument:

- Digital A data
- Digital B data
- Analog data

Digital A data are in the above sense ‘measurement data’ and are handled by NIU. They are not routed
via the PLM OBDH Bus to the PMC and not used for housekeeping by the satellite.

Digital B and analog data are housekeeping data and only the Digital B data are amtrolled by the NIU.
Both are reported to the ground via S-band telemetry.

3.2.1. Protocol
Not applicable for HIRS/4.

3.2.2. Telecommands

Telecommands to the instrument shall be provided by the NIU.

The minimum time between two consecutive commands is 100 ms.

The instrument shall be commanded by Pulse Discrete Commands!.

Pulse Discrete Commands shall be issued to the instrument one command at a time.

Any pulse ON condition may last for considerable time in case of a spacecraft anomaly. The instrument
shall not be damaged by such an occurrence.

I Pulse Discrete Command Definition
The pulse discrete command is normally used to change the state of a latching relay in the instrument. An
ON or TRUE condition is issued in the form of a pulse to the instrument over a single line.
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| The METOP satellite will provide capabilities for pre-programming of the HIRS/4 of up to 36 hours.
The instrument shal Cope with this pre-programming period, and not require any intermediate command
and control process (except thermal control).

The commands to operate the instrument shall be as listed in Table 3.2.2-1.
Note : The operational modes and sequences of commanding are defined in § 1.4 and 1.5.

:322.1.  Telecommand Definition .
The satellite shall provide to the instrument all commands which are listed in Table 3.2.2-I.

Nr. Telecommand Mnemo Type Remarks

1 |Instrument On Pulse

‘2 |Instrument Off Pulse  |Critical Command

3 |Scan Motor On Pulse

4  Scan Motor Off Pulse |Critical Command

5 |Filter Wheel Motor On Pulse

6 |Filter Whed Motor OFf Pulse  [Critical Co;

7. |Electronics On Pulse Tlmq/ onstraints :
*e§154.12. [4.4.2.2.

8 |Electronics Off Puise |

9 |Cooler Heater On Puilse

10 [Cooler Heater Off Pulse

11 [internal Warm Target (IWT) Position Pulse

12 [Interna Cold Target (ICT) Position Pulse

13 Space Position Pulse

14 INadir Position . | Puse |

15 |Postion Disable Pulse

16 |Cdibration Enable Pulse

17 |Calibration Disable Pulse

18 |Cooler Door Release Enable Pulse

19 [Cooler Door Disable Pulse

20 |Cooler Door Deploy Pulse

21 |Filter Housing Heater On Pulse  |Not used in flight,
Critic  Command

22 [Filter Housing Heater Off Pulse

23 |Patch Temp. Controller On | Pulse

24 |Patch Temp. Controller Off Pulse

25 |Filter Motor Norma Power Pulse

26 |Filter Motor High Power Puise

Table 3.2.2-1 : Telecommand Definition
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3.2.2.2. Telecommand Functional Description
1. Instrument On

This command connects the +28 VDC Main Bus and Pulse Load Bus to HIRS/4 and energizes the
telemetry DC/DC converter, permitting temperature monitoring in the absence of all other power. If all
power interfaces areenabled,thxscommandcaussallanaloghmsekeepmgandmgnalB tclcmetry
points to be available for monitoring.

2. Instrument Off

Disconnects all +28 V busses from the HIRS/4 except the +28V bus for commands and the analog
telemetry bus. This command also resets commands mumber 1 to 19 to OFF or disabled condition.

3. Scan Motor On

Function 1 (with "Electronics OFF" executed) :
Provides power 10 the scan motor and drives the scan motor in a continuous Stepping mode.
| This feature is used during launch to prevent damage to the motor bearings.

Function 2 (With **Electronics ON” executed) :
Provides power to the scan motor and the motor will step and retrace in the normal mode at

synchronous speed.
Note : Prerequisite for this command is “Instrument ON" .

4. Scan Motor Off
Commands Scan Motor OFF.

s, Filter Wheel Motor On

Funcuon 1 (with “Electronics OFF executed) :
Provides power to the filter wheel motor and drives the motor in near synchronous speed.
This feature is used during launch to prevent damage to the motor bearings.

Funcuon2 (With “Electronics ON” executed) : n
Provides power to the filter whed motor and the motor will s\;{w a normal synchronous speed.

Note : Prerequisite for this command is "Instrument OK'.

6. Filter Wheel Motor Off
Commands the filter whedl motor OFF.

| fHIR3aICD.dox)
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7. Electronics On

Provides power to all electronic and data handling systems not provided by the "Instrument ON™
command move foyrg

I Note : Prerequisite for this command is "Instrument ON™.

8. Electronics Off

| Commands Electronics Power OFF.

9. Cooler ter On
-3‘) and hovares /#
Provides power tO first and second stage cooler heatus Used during orbital decontamination. /

A
I Note : Prerequisite for this command is "Instrument ON". [Ezn L uncle, Potef (o vt
LZ/: ar ‘1¢-//ll/l4u /744«{ [hA{di &dmﬁw ,g.' ¥ [/éc/} /3 4(.!(0/ f

10. Cooler Heater Off

commands cooler heater OFF.

11. Internal Warm Target (TWT) Position

When the instrument is in the calibration enable mode, this command Causes the scan mirror to move to
the internal warm target (TWT) after completion of the current scan line and retrace to step zero, or after
completion of the calibration sequence, except in the following circumstance : x/ff the v position is
commanded during a calibration sequence and if that position has not yet been the calibration
sequence will be suspended when the scanner reaches the IWT position. The scan mirror will remain at
the IWT until disabled by the Position Disable command.

12. Internal Cold Target (ICT) Position

When the instrument is in the calibration enable mode, this command causes the scan mirror to move to
the internal cold target (ICT) after completion of the current scan line and retrace to step zero, or after
completion of the calibration sequence. The scan mirror will remain at the ICT until disabled by the’
Position Disable command.

13. Space Position

When the instrument is in the calibration enable mode, this command causes the scan mirror to move to
the space after completion of the current scan line and retrace to step zero, or after completion of the
calibration sequence, except in the following circumstances : if the position is commanded during
a calibration sequence and if that position has not yet been 42 the calibration sequence will be
suspended when the scanner reaches the space position.. The scan mirror will remain at space until
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disabled by the Position Disable command.

1 4 . Nadr Position

When the instrument is in the calibration enable mode, this command causes the scan mirror 10 move to
nadir after completion of the current scan line and retrace to step zero, or after completion of the
calibration sequence. The scan mirror will remain at nadir until disabled by the Position Disable
command

15. Position Disable

Disables the IWT, ICT, Space and Nadir position commands and returns scan mirror to scan Step zexo.
Regular scan (i.e. with 256 second calibration, if the Calibration Sequence is enabled) will resume upon
receipt of next line synchronization (first element) pulse.

16. Cdlibration Enable

Enables the radiomeuic caibration control |ogic. When sent, the scanner will continue line scanning
until the next major frame sync pulse. It will then execute a normal calibration sequence. Subsequent
calibration sequence will be executed upon receipt of a Calibration Start Pulse coincident with major
frame sync.

17. Cdlibration Disable
Disable the instrument calibration mode. In this mode the instrument will ignore the spacecraft
calibration start pulse.

18. Cooler Door Rdease Enable

Provides power to the Earth shield release solenoid drive circuit only after Instrument ON has been
executed.

19. Cooler Door Disable
Resets the Cooler Door Release relay to the OFF position.

20. Cooler Door Deploy
Commands opening of cooler door by applying a two-second pulse to the release solenoid Operates

| only if Instrument ON and Door Release Enable commands have been sent.
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21. Filter Housing Heater On
Provides power to filter housing heaters and automatic temperature control circuitry.

Note: This command is never used in flight. It is used at instrument level for ground-based, short
form, electrical functiontest and possibly for some extreme troubleshooting exercise. As a consequence,
it is considered as a critical command?,

Note : Prerequisite for this command is “Instrument ON”.

22 Filter Housing Heater Off
| Commands filter housing heater OFF.

23. Patch Temp. Controller On

Provides power to patch temperature control heater to control patch at the nominal operating
temperature (see § 1.2.34.).

Prerequisite : Instrument ON and Electronics ON must be enabled for the patch conmtroller to operate.

24. Patch Temp. Controller Off

Commands patch temperature heater off permitting patch to seek equilibrium temperature.

25. Filter Motor Normal Power

Applies pre-set power level to filter wheel motor for normal operation.

26. Filter Motor High Power

Applies maximum power to fitter wheel motor for cold gperation and end-of-life conditions.

2" The switch-off command sequences as defined in § 1.5 consider that this command might have been
triggered during the satellite ground and in-orbit lifetime.
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3.23.  Housekeeping Telemetry
This section describes the HIRS/4 Digital B and Analog Telemetry.

333.1. General Requirements

The NIU shall onlyachiremeinstmmm-provideddigital-l; and analog HK data at any time when the
instrument iSin Heater / Decontamination Mode-or Measurement Mode or Commanded Position Mode.

The NIU will read out the following housekeeping telemetry formats from the instrument :
- Analog HK

- Digital HK (“Digital B").

The NIU will sample bath analog and digital B housekeeping telemetry. with periods of :
- 16 seconds nominaly

- up to 1/8 s for any selected parameter on request.

Analog data shal be acquired and converted within the NIU to 8 hit digital information with a5.12 V
full scale resolution (LSB = 20 mV).

No instrument housekeeping data shall be monitored by the METOP satellite Nevertheless the Digital B
data will he checked on-board for verification of command execution.

Note: for those commands that do not result in a change of a Digital B point, the verification of the
command receipt by the instrument will be done by the Growl System with the instrument provided
Andog Telemetry points and / or Digital A telemetry.

3.232. Digtad B Telemetry
The instrument shall provide the Digital B telemetry as listed in Table 3.2.3-I.
Each of the 14 Digital B telemetry pomts shall indicate the status of one pair of commands according to

The Digital B telemetry points aim at monitoring the state of bi-stable magnetic latching command
rclays. As soon as al power interfaces are enabled the following 9 Digital B telemetry outputs are
available regardiess of the mode 31& of the instrument :

- Instrument Power

- Elecrronics Power

- Filter Motor Power

- Scan Motor Power

- Cooler Heater

- Filter Housing Heater

- Cooler Door Release

- Filter Motor Power Leve!

- Patch Temp. Controller
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The remaining ones are available only after instrument On command has been executed.

Nr. Telemetry Point Name State Remark
Logic 17 Logic "0”
(Low Voltage) |(High Voltage)

1 | Instrument Power ON O F F
2 "Electronics Power ON OFF A
3 | Filter Motor Power ON OFF

4 | Scan Motor Power ON OFF

5 Cgoler Heater ON OFF

6 |Filter Housng Heater ON OFF

7 | Cooler Door Release Enabled Disabled

8 |[Cooler Window Heater OFF ON

9 |Go to Nadir Postion Yes (initiated) No

10 Calibration Sequence Enabled Disabled

11 [Cooler Door Closed No Yes

12 | Cooler Door Fully Open No Yes

13 Hilter Motor Power Level High Normal

14 |Pach Temp. Controller ON OFF

Table 3.2.3-| . HIRS/4 Digital B Telemetry

3.233.  Analog Telemetry

The HIRS/4 provides analog telemetry channels as listed in Table 3.2.3-2 to monitor on ground the
headlth of the instrument. It shall be considered that telemetry of analog temperature, voltage and current
(analog telemetry) will be valid by 6.3 s after switching-on of instrument telemetry, i.e. after Instrument
ON command has been sent.

Two (2) Analog Temperature Telemetry points shall be available whenever the 28 V Analog
Temperature Telemetry Bus is powered and be valid within 1s after Analog Temperature Telemetry
Bus has been commanded ON (independent of HIRS/4 mode). Those points are defined in Table 3.2.3-
3

Typical vdid data ranges and values are shown in Table 3.2.3-2.
The telemetry points shall be defined as following :
1) Radiator Temperature

This telemetry point measures the output of a platinum resistance thermometer (PRT) located
on the radiant cooler first stage (radiator).

| [HIR3a}CD.dox]



Ref. : MO-IC-MMT-HI-0001

Iss: :2 Rev.: 0
MATRA MARCONI SPACE HIRS/4 Do - June 11" 1098
Page: 3.10

2) Baseplate Temperature

This telemetry point measures the output of the thermistor located on the baseplate. It is
powered by +28 V Analog Bus

3) Electronics Temperature
This telemetry point measures the output of the thermistor located inside the electronic box.
4) Patch Temperature

This telemetry point measures the resistance of 2 PRT located on the second stage (patch) of the
radiant cooler. It also signifies the IR detectors temperatures.

5) Filter Housing Controller Current

This telemetry point measures the proportional DC current in the filter wheel housing resistance
heaters. It generally reports zero current (i.e. heaters OFF during normal operation).

6) Scan Motor Temperature

This telemetry point measures the output of a thermistor mounted on the scan motor housing. It
IS designated as a “Full Time Telemetry Point”, since powered by the +28 V Anaog Bus.

7) Filter Wheel Motor Temperature

This telemetry point measures the output of a thermistor mounted on the filter wheel .motor
housing. '

8)+ 5 VDC Monitor

This telemetry point measures a DC voltage directly proportionat to the + 5V in the eectronics.
9, +10VDC TLM/DC/DC Converter

This telemetry point measures a DC voltage directly proportional to the +lOV in the electronics.
10) + 7.5 VDC TLM/DC/DC Convener

This telemetry point measures a DC voltage directly proportional to the +7.5 V in the
electronics.

11, - 7.5 VDC TIM/DC/DC Convener

This telemetry point measures a DC voltage directly proportional to the -7.5\} in the electronics.
12)+15 VDC Monitor

This telemetry point measures a DC voltage directly proportional to the +15V in the electronics.
13) -15 VDC Monitor

This telemetry point measures a DC voltage directly proportional to the -15 V in the electronics.
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14) Filter Wheel Motor Current

This telemetry point measures the current flow in the filter wheel motor by sampling the voltage
developed across a 0.5 Ohm resistor in the load return line. The sensed voltage, read by the
telemetry point, is passed through a low pass filter. The -3 dB point of this filter is
approximately 1 Hz.

15) Scan Motor Current

mistdanarypoimmeasmsmecununﬂowmﬂwscanmorbysamphngﬂrvolmge
developed across a 0.1 Ohm resistor in the load remurn line. The sensed voltage, read by the
telemetry point, is passed through a low pass filter. The -3 dB point of this filter is
approximately 1Hz.

16) Patch Controller Power

This telemetry point measures the power in the patch temperature control heaters by sampling
the voltage applied across the heaters.

The. analog telemetry shall have the performance as defined in Table 3.23-2. The transfer function
between physica range and voltage range is part of the deliverables / as-built data.

Nr. Telemetry Point Name Physical Range Remarks’
1 |Radiator Temperature 150-320 deg. K
2 | Baseplate Temperature 260-320 deg. K Powered by the Analog Temp. TLM Bus
3 [Electronics Temperature 260-320 deg. K
4 [Patch Temperature 90-320 dee. K
5 | Filter Housing Controller Current | 010 330 mA
6 |Scan Motor Temperature | 260-320 deg. K | Powered by the Analog Temp. TLM Bus
7 | Filter Wheel Motor Temp. | 260-320 deg. K |
8 | +5 VDC Monitor 5$+02V
+10 VDC TLM/DC/DC Conv. 10£0.2V
10 [+7.5 VDC TLM/DC/DC Conv. 75+£005v
11 |-7.5VDC TLM/DC/DC Conv. -154005v
12 +I5 VDC Monitor 15202V
13 |-15 VDC Monitor -15+0.2v
14 |Filter Wheel Motor Current 100 to 300 mA
15 | Scan Motor Current 0.65t0 1.0 A
16| Patch Controller Power Oto 80 mW

Table 3.2.3-2 : Analog Telemetry
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Following are the Analog Telemetry status as function of the different telecommands:

0

Command

Ansglog Telemetry Status

Timing

11

nstrument On

Relevant data for : Radiawr Temperature, Baseplate
Temperature, Electronics Temperature, Patch
Temperature, Filter Housing- Control Current, Scan
Motor Temp., Filter Motor Temperature, +5 VDC
Monitor, +10 VDC TLM/DC/DC Convener, +7.5
VDC TLM/DC/DC Convener, -7.5 VDC
TLM/DC/DC Converter, +15 VDC Monitor, -15
VDC Monitor, Patch Controller Power,

< 60 ms

2

hstrument Off

The functions given under Instrument ON will be
invalid except fa the Baseplate Temperature and the
Scan Motor Temperature.

<60 ms

Scan Motor On

With either Electronic ON or OFF : Scan Motor
Current will be a valid indicator

<60 ms

{ Scan Motor Off

Scan Motor Current should be zero.

<60 ms

Filter Wheel Motor On

Filter Wheel Motor Current will be a valid indicator.

< 60 ms

Filter Whee! Motor Off

Filter Wheel Motor Current will be zero

<60 ms

Electronics On

Valid analog telememry will be either :

1.) Same as under command # 1 Instrument ON
executed

or

2.) Limited to the following two omly if command
#2 In.sjtn'zment OFF condition exists :
Baseplate Temperature and Scan Motor
Temperature

< 60 ms

8 Electronics Off

1.) Same as under command #1 Instrument ON
executed

2.) None if command #2 Instrument OFF
condition exists.

< 60 ms

Cooler Heater On

Radiator Temperature Will be a valid indicator. The
Patch Temperature will also change but at a much
slower rate.

< 60 ms

10

Cooler Heater Off

No relevant analog indicator

N/A

Table 3.2.3-3 : Instrument Analog Telemetry vs. Commands (1/2)
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Command Analog Telemetry Status Timiny
11 | Internd Warm Target @WT) No relevant andog indicator N/A
Position
12 | Internal Cold Target (ICT) No relevant analog indicator N/A
Position
13 |space Position No relevant andog indicator N/A
14| NADIR Position No relevant analog indicator N/A
15 Position Disable No relevant analog indicator N/A
16| Calibration Enable Nqrel evantanal ogindi cator NA
17 |Calibration Disable No relevant analog indicator N/A
18 [Cooler Door Enable Norel evantanal ogindicator NA
19 [ Cooler Door Disable No relevant andog indicator N/A
20 | Cooler Door Deploy No relevant andlog indicator NA
21 |Filter Housing Heater On No relevant analog indicator N/A
| 22 |Filter Housing Heater Off Filter Housing Controller Current should be off  |< 60 m:
23 | Patich Temp. Controller On 1) Vadlid indicator of the controlled Patch <60 m:
Temperature
2.) Vadlid indicator of the Pazch Controller Power.
Note : Power level will indicate whether actualy
appliedtopatchornot.
24 |Patch Temp. Controller Off 1) Vdid indicator of the pon-controlled Patch <60 m:
Temperature
2.) Patch Controller Power will be a vaid
indication of the patch power if previous
command was ON.
Note: As above for command # 23,
25 |Filter Motor Norma Power Vdid indicator of the Filter Wheel Motor Current.  |< 60 m:
26 |Filter Motor High Power Vdid indicator of the Filter Wheel Motor Current.  [< 60 m

Table 3.2.3-3 : Instrument Analog Telemetry vs. Commands (2/2)
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33.4. Telecommand Verification

No check shall be performed by the spacecraft to verify whether the command is consistent with the
active instrument mode.

The execution of each co- shall be verified by the spacecraft. The interrelationship between
commanding and the verification of a command in the Digital B telemetry is defined in Table 3.2.4-I.
The column "Timing” specifies the maximum time delay between the arrival of a command in the
instrument and change of the corresponding Digital B parameter.

In case a command does not induce a change in the instrument Digital B data, no execution verification
of this command will be performed by the satellite. :

The parameter value acquired apart from the routine HK cycle will be discarded after verification and
not transmitted to ground. Execution failure will be reported in the history area.

In case of a command execution error by the HIRS/4, the PLM NIU shall report this error to the ground
and no autonomous corrective action, including HIRS/4 switch-off, shall be performed by the
spacecraft.
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Command Constraint| Command Verification Digital B | Timing
1 |Instrument On Instrument Power "ON™ < 60 ms
2 | Instrument Off Instrument Power "OFF”’ < 60 ms
3 | Scan Motor On Scan Motor Power "ON” < 60 ms
4 | Scan Motor Off Scan Motor Power "OFF” < 60 ms
5 | Filter Wheel Motor On Filter Motor Power "ON” | <60 ms
6 | Filter Wheel Motor Off Filter Motor Power "OFF” < 60 ms
7 | Electronics On 1) Electronics Power "ON” < 60 ms
8 | Electronics Off Electronics Power "OFF” <60 ms
9 | Cooler Heater On 2) Cooler Heater "ON” < 60 ms
10 { Cooler Heater Off : Cooler Heater "OFF” < 60 ms
11 | Internal Warm Target (IWT) Position | 3/ 5/ not available on-board N/A
12 | Internal Cold Target (ICT) Position 3) &) not available on-board N/A
13 | Space Position 3/ 5) not available on-board N/A
14 | NADIR Position 3) &) Go to NADIR Position "YES” |< 60 ms
15 | Position Disable S) not available on-board N/A
16 | Calibration Enable 5) | Calibration Sequence "Enabled” |< 60 ms
17 | Calibration Disable 5) | Calibration Sequence "Disabled” |< 60 ms
18 | Cooler Door Enable Cooler Door Release "Enabled” | < 60 ms
19 | Cooler Door Disable Cooler Door Release "Disabled” |< 60 ms
20 | Cooler Door Deploy Y ) Cooler Door Closed "No” < 60 ms

(Cooler Door Fully Open "Yes”

21 | Filter Housing Heater On Filter Housing Heater "ON” <60 ms
22 | Filier Housing Heater Off Filter Housing Heater "OFF” < 60 ms
23 | Patch Temp. Controller On Patch Temp. Controller "ON” | < 60 ms
24 | Patch Temp. Controller Off Patch Temp. Controller "OFF" | < 60 ms
25 | Filter Motor Normal Power Filter Motor Power Level "Normal” | < 60 ms
26 | Filter Motor High Power Filter Motor Power Level "High” | < 60 ms

Table 3.2.4-1 : Telecommand Verification

’i) Pa/c{ (0‘774""(
2) Elechrme: 0/6/
3) Cac evasLE
§)  Cosler Beaks ”///C"&’}""’ Gnakle Yos’
S  (lechomis rnrtf b 0a .
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335.  METOP Specific Thermal Control Electrical Interfaces
The thermal concept for the HIRS/4 on METOP is described in § 2.3.1.

The nominal and survival thermal control of the HIRS/4 baseplate is under the responsibility of the
satellite through the PLM Thermal Control unit (TCU).

METOP specific thermistor, heater and thermostat-controlled survival hirdware is used for- this
‘purpose.butnonereahssanelecmcallmu'facemmmePHRSM(I'BCmfamenommalheamand
thermistors). -

As a conclusion, there is no electrical interface between the HIRS/4 and the PLM for the instrument
thermal control.
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3.26.  Satellite Services / Synchronization

Note : Satellite Services are defined as all Command and Control and Measurement Data Acquisition
tasks which will be performed by the PLM or the SVM to support instrument operations.

Note : the synchronization of measurement data read-out is defined in § 3.3.2. '

Synchronization signals :
- 1 Hz (1 second) sync. signal
The 1 Hz synch. signal synchromzm aninstrument internal lOHzclockwludususedfor
scan stepping.
- 32-second sync. pulse
The occurrence of the 32 s synchronization pulse synchronizes the internal instrument cycle.
- 256-second Sync. pulse 4
The 256 s synchronization pulse is used o initiate calibration when Calibration Enable is
effective.
The synchronisation signals are phase correlated to each other and to the 1.248 MHz clock as shown in

Figure 3.2.6-I.

T

1248 MH2
o LML LM
.Td1

o T | 1

Td32 |
—»> <

328 Synch
pulse L

Td
25’ ‘
256 a Synch
puise | E—
e T=111.248 MHz = 0.80128 pseconds
L Td T
o Td32 < 4 pseconds Td32 + Td256 < 4.5 useconds
o Td265 < 1 psecond

Figure 3.2.6-1 : Time Correlation Between Synchronisation Signals and 1.248 MHz Clock

The NIU shdl provide to the instrument a clock signal of 1.248 MHz clock (master clock). This signal
shall also be supplied in HIRSH OFF mode, but in this mode the frequency of the signa may deviate
from the above value by + 10 %.

| {HIR3aICD.doc)



Ref. : MO-IC-MMT-HI-0001
Issue @2 Rev.: O
Date : June 11° 1998

Page : 3.18

MATRA MARCONI SPACE HIRS/4

3.3. MEASUREMENT DATA TRANSFER FUNCTIONAL DESCRIPTION

The measurement data of the HIRS/4 are provided -at the Digita-A interface and are acquired and
packetized by the NIU prior to storage and wansmission to the ground. Measurement data are not routed
via the OBDH bus to the PMC and are not used for instrument housekeeping.

33.1. Generd - Data Rate

Data rate and data transfer are identical in HIRS/4 Measurement Mode and iix Commanded Position
Mode.

A full set of HIRS/4 operationa data, including command status monitors, housekeeping information
and radiance data of the 20 channels, is contained in the Digital A output.

The data from the HIRS/4 are provided to the NIU from a toggle buffer. The NIU calls out groups of 8-
bit words. However, the HIRS/4 does not format data into neat 8-bit segments, but in 13-bit words.
During any minor frame period (0.1 sec), 288 bits of data are generated by the HIRS/4, i.e. 36 8-bit
words or 22 13-bit words plus 2 additional bits (corresponding data rate : 2880 bits per second).

Note : These data are not packetized within the instrument.

Three synchronisation signals are provided to the © =——ent as described in § 3.2.6.1. The occurrence
of the 32 second synchronisation pulse will synchronise the internal instrument cycle. The 256 second
synchronisation pulse is used to initiate calibration in auto-caibration mode.

A HIRS/4 6.4 second data period contains 64 acquired elements of 288 bits each. The data of one
element correspond to one scan fﬁf e-slewor a calibration dwell. The HIRS/4 data will repeat every
6.4 seconds.

The 1 Hz synchronisation signal also synchronises the NIU internal 6.4 sec sync. and 0.1 sec sync
pulses once per second.

33.2. Messurement Data Acquisition

The measurement data shal be acquired via the digital A data interface.
The measurement data interface consists of the :

- Data Enable pulse line

- Data Clock line

- Data line

The HIRS/4 serid data are clocked into the NIU at a bit rate of 8.32 kHz by means of the data clock,
whenever the data enable pulse is presented to the instrument

Both clock and enable pulse shdl be delivered by the NTU.
The transfer shall be organised in words of 8 hits.
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The transfer shall comply with Figure 3.3.2-1a and -1b.

The HIRS/4 data are stored internally Of the instrument within toggle buffers. which are toggled every
0.1 sec. Thus, the first data word of a 256 second cycle, a 6.4 second period or a 0.1 second element
will be available for read-out 0.1 seconds + Tdyms after start Of mempeciive cycle, period or element
(refer to Figure 3.3.2-1a).

Tdeums defines the start of the first Data Enable pulse relative to_the start of the 6.4 second (NTU
internal) cycle, resp. the start of the 0.1 second (NIU internal) cycle. Nominally the NIU internal and-
HIRS internal 0.1 cycle are phase correlated to the 1 s Sync.

Tdgrs shall be (28 * 8 * Tysn + 2* Tasn /5). Tasn iS the time period of the 8.32 kHz Clock (CLU).
Note: Tdums iS approximately 26.97 ms 104,

During the (continuous) data acquisition, the Data Enable pulse shall repeat every Tsms. Tsumsshall be
8 * Tg,;zk .

Note: Tsums iS approximately 961.5 ps + 104,
The words shall be separated by a gap in the Data Enable pulse according to Figure 3.3.2-1b.

The.1.248 MHz Clock and the 8.32 kHz are derived from a free running oscillator in the NTU. The 1 Hz
Clock, the Major Frame Sync.(32 s), and the Cal. Pulse (256 s) are derived in the NIU from the OBDH
Bus Broadcast Pulse. The OBDH Bus Broadcast Pulse is generated by the oscillator in the CCU on the
Service Module. The leading edge of these pulses will be phase correlated to the 1.248 MHz Clock.

Each of these two oscillators has its own initial setting failure, temperature drift and ageing. This will
result in a tolerance of the number of clocks per Sync. Pulse period as depicted in Table 3.3.2.-1. The
specified tolerances are the maximum tolerances during misson lifetime and over nominal temperature
range conditions.

Sync 0.1s sync. 1 sec Sync. 32 sec Sync. 256 sec
No. of 124800 1.248 =106 39.936 . 106 319.488 =106
1.248 MHz cycles 4+ 150 %) + 150 + 4793 * 38339
No. of 832 8320 266.24 . 103 266.24 =103
8.32 kHz cycles 1% +1 +32 +256

| [HIR3alCD.doc)

«+ Tolerance figure for last (10t) 0.1 s period of a 1 s cycle only. For the 9 first cycles the tolerance
figure iS+ 0. The tolerance range does not affect METOP Specified data transfer.

Table 3.3.2.-1: Sync. Period Tolerances in Numbers of 1.248 MHz and 8.32 kHz Cycles
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Figure 3.3.2-1a : HIRS/4 Measurement Data Acquisition Sampling Timing
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Figure 3.3.2-1b : HIRS/4 Measurement Data Acquisition Detailed Timing
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Measurement (Digital A) Data Format

‘“The HIRS/4 operation is based on a 256 s. cycle that consists of 40 6.4 S periods, as follows (the auto-

caibration mode is assumed enabled) :

- Period #1 : Cdlibration Cycle - Space View
- Period #2 . Calibration Cycle - Warm Target '

- Period #3 : Earth Scan #1
- Period #4 : Earth Scan #2

- Period #40 : Earth Scan #38

[ For each period (6.4 s.), the HIRS/4 data format is the same, with 64 elements of 288 bits each The
\ data of one element correspond to one Earth scan.step.or-one-slew or-ene-of-the calibration dwell (space
view or warm target), as follows (see also Table 1.23.1-2) :

Element Calibration Cycle Calibration Cycle During Earth Scan
numbers Space View Warm Target
(Period #1) (Period #2) (Periods #3 to #40)
0-7 Scan mirror motion to the
Space view position Earth view dwell for each of
Warm target dwell the 56 Earth scan positions.
8-55 Element 55 designates the
’ Space view dwell last Earth scan position
56-63 Scan mirror motion to the | Scan mirror motion (retrace) | Scan mirror motion (retrace)
warm calibration target to the first scan position to the first scan position
for next period for next period for next period
333.2.  288-Bi t Element Format Description

independent of the period, the 288-bit ele nent format is the same and considts of :
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(@) Bit 1-26

Two 13-bit words have the same function in all elements. The function assembled in these words are as
follows :

Function Range (Decimal)
Word 1
-8 Scan Encoder Position . otol99
9-13 Electronic Cal Level Indicator oto31
Word 2
14-19 Channel 1 Period Monitor 0t063
20-25 Element Number Oto63
26 Filter Svnc Designator Oor1l

Scan Encoder Position

The scan encoder position is the sensed position of the scan mirror in 1.8 deg. immssmmmts. The encoder
position “1” occurs at the first Earth scan position, hence will be the encoder position noted during
element "0".

Electronic Cal Level indicator

The eectronic cdibration level advances by one per period from O to 31. defining the step level
measured in each radiometric channel during elements 56 and 57. Since both a positive and negative
calibration is made at the end of each scan line, the level applies to beth. The step level starts at 0 on the
first scan after a calibration start pulse and continues repetitively after that and even when calibration is
disabled.

Channel | Period Monitor

The channels 1 period monitor measures the variation in time interval of a segment of the filter wheel on
each rotation. The reading measures 1.248 MHz clock intervals of that segment, hence defines velocity
variations to a granularity of 0.8 microseconds. This is a diagnostic output and is not used in system
data processing or evaluation,

Element Number

+he
This is thrée number of the data group (see § 3.3.3.1). It advances from 0 to 63. The element number

repedts regardiess of scan position or mode.
Filter Sync Designator

Filter Syncisa“1” when the filter whedl is in synchronism with the timing system. This is diagnostic
data not used in data collection or processing.
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(b) Bits 27-286

This group of hits is divided into 20 13-hit words (20 channels x 13 Bits), generally correspond@ to
the radiant signal outputs of the instrument. The word functions are dependent On the element nUMber.
as illustrated in Table 3.3.3.2/1.

Generally, all words are quantity, where bit 1 is the sign bit ("1" positive.; “0” negative) and bits 2
through 13 are amplitude (binary code ; O to 4095). Bit 2 is the most significant bit (MSB) and bit 13 is
the least significant bit (LSB) of the quantity.

(©) Bits 287-288
These two bits have the same function in all 64 elements.
Bit 287 : Valid Data Bit

In order to aid determination of times when data should not be used, a Valid Data Bit into the data
stream have been included. This bit is a "1"” when all conditions are normal and data may be considered
good. It will be a "0" when the scan system is in a slew mode or when the filter wheel is not
synchronised to the timing system.

Bit 287 : Valid Data Bit
Logic "1" Valid Data
Logic "0" Ignore Radiometric Data

Bit 288 Odd Bit Parity.

Minor Word Parity Check is a bit inserted to make the total word odd. This permits automatic checking
for data losses in the tra=~mission of the data from the HIRS/4.
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Element | Bit No Function Remarks
" No
0-55 27-39 Radiometric Channel No 1 mmﬁou;-sccm—
(669 cm™) equal radiance-from-filler-wheel-as
wiswed-threugirthe-filier. Larger

negative values indicate warmer scent
temperatures.

40-52

Radiometric Channel No 17
(2360 cm™)

Larger negative values indicate
warmer scene temperatures.

53-65

Radiometric Channel No 2 (680 cm™)

No offse!\ a"&{—

66 - 78

Radiometric Channel No 3 (690 cm™)

No offset

79-91

Radiometric Channel No 13 (2190cm™)

Offset

92-104

Radiometric Channel No 4 (703 cm™)

No offset

105-117

Radiometric Channel No 18 (2515cm™)

118 -130

Radiometric Channel No 11 (1365cm™)

]
~—

No offset

131-143

Radiometric Channel No 19 (2660cm™)

144 - 156

Radiometric Channel No 7 (749 cm™)

No offset

|
/

157 - 169

Radiometric Channel No 8 (900 cm™)

Nooffst oS

170 - 182

Radiometric Channel No 20 visible
(14500 cm-' / 690 nm)

Black is minus
White is plus

183 - 195

Radiometric Channe! No 10 (1225cm™)

196 - 208

Radiometric Channel No 14 (2210cm™)

209 - 221

Radiometric Channel No 6 (733 cm™)

222-234

Radiometric Channel No 5 (716 cm™)

235-247

Radiometric Channel No 15 (2240cm™)

248 - 260

Radiometric Channel No 12 (1488cm™)

261 - 273

Radiometric Channel No 16 (2270cm™)

274 - 286

Radiomeuic Channel No 9 (1030 cm-)
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Element || Bit No Function Remarks
No
56 27 - 286 Positive Electronics Calibration. Signal output for all channels as a
Applied © the 20 radiometric channels | result of the electronic calibration
level, described in bits 9 through 13
of the same element. “)
57 . 27 - 286 Negative Electronics Calibration Signal output for all channels as a
Applied t0 20 radiometric channels result of the electronic calibration
level, described in bits 9 through 13
of the same element.
58 27-91 Internal Warm Target 13-bit value, repeated 5 times.
Temperature Sensor # 1 Range 273 to 333 K.
92 - 156 Internal Warm Target 13-bit value, repeated 5 times.
Temperamre Sensor # 2 Range 273 to 333 K
157 - 221 Internal Warm Target 13-bit value. repeated 5 times.
Temperature Sensor # 3 Range 273 to 333 K.
222 - 286 Internal Warm Target 13-bit value, repeated 5 times.
Temperature Sensor # 4 Range 273 to 333 K.
59 27-91 Internal Cold Target 13-bit value, repeated 5 times.
Temperamre Sensor# 1 Range : 243 to 303 K.
92 - 156 Ground 13-bit value, repeated 5 times.
Range: N/A (approximately 0 count)
157 - 221 Internal Warm Target 13-bit value, repeated 5 times.
Temperature Sensor # 5 Range : 273 t0 333 K
222 - 286 Telescope 13-bit value, repeated 5 times.
Temperature Sensor # 3 Range : 260 to 300 K.
60 27-91 Filter Wheel Housing 13-bit value, repeated 5 times.
Temperamre Sensor # 1 Range 273 to 333 K
92 - 156 Filter Wheel Housing 13-bit value, repeated 5 times.
Temperature Sensor # 2 Range 273 to 333 K.
157 - 221 Filter Wheel Housing 13-bit value. repeated 5 times.
Temperature Sensor # 3 Range 273 to 333 K.
222 - 286 Filter Wheel Housing 13-bit value, repeated 5 times. -
Temperature Sensor # 4 Range 273 to 333 K.

*) Tn soume gealar
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Element | Bit No Function Remarks
No
61 27-91 Patch Temperawre Expanded Scale | 13-bit value, repeated S times.
| Range 9010 150 K.
92 - 156 First Stage Radiator 13-bit value; repeated 5 times.
| Temperature Sensor Range 15010320K.
157-221] Filter Wheel Housing Heater Current | 13-bit value, repeafed 5 times.
Range 0 to 500 mA
222 - 286 Electronic Calibration 13-bit value, repeated 5 times.
Digital to Analog Converter RangeQw04V
- 62 27-39 Scan Mirror Temperature Range 260 to 320K
40-52 Primary Telescope Temperature Range 260 to 320 K
53-65 Secondary Telescope Temperamre | Range 26010 320 K
66-78 Baseplate Temperature Range 26010 320K
79-91 Electronics Temperature Range 260 to 320K
92-104 Patch Temperature-Full Range Range 9010 320 K
105 - 117 Scan Motor Temperature Range 260to 320K
118-130 Filter Wheel Motor Temperature Range 260 t0 320 K
131-143 Cooler Housing Temperature Range 26010 320K
144 - 156 Fatch Control Power Range 0 to 80 mW
157- 169 Scan Motor Current Range 0.651010A
170 - 182 Filter Motor Current Range 100 to 300 mA
183 - 195 +15 VDC Range +1520.2V
196 - 208 -15 VDC Range -1520.2V
209 - 221 +75VDC Range +7.5+0.05 V
222-234 -1.5 vDC Range -7.5+0.05V
235 - 247 +10 VDC Range +10+0.2V
248 - 260 +5 VDC Range +5+0.2V
261 - 273 Analog Ground Range + 1 count
274 - 286 Analog Ground Range * 1 count
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Element | Bit No Function Remarks
No
63 27 -39 Line Counter 010 8191. There is no sign bit used
(Gives the number of lines from . |in the line counter. Reset to 0 count
the last auto-calibration sequence) | is only when counter overflows.
40-52 F;fst Status Word See Figure 3.3.3.272
53-65 -2nd Status Word See Figure 3.3.3.2/2
66-78 Data Verification i.e. Binary Coded
This a fixed word pattern used to (1,1,1,1,1,0,0,1,0,0,0,1,1) equates to
establish data stream synchronism +3875 (Base 10).
with the data clock The binary code is MSB to LSB with
the leading "1" indicating a "+"
79-91 Data Verification Base 10 equivalent +1443
92 - 104 Data Verification -1522
105-.117 Data verification -1882
118-130 Data Verification -1631
131- 143 Data Verification -1141
144 - 156 Data Verification +1125
157- 169 Data Verification +3655
170- 182 Data Verification -2886
183 - 195 Data Verification -3044
196 - 208 Data Verification -3764
200 - 221 Data Verification -3262
222-234 Data Verification -2283
235-247 Data Verification -2251
248 - 260 Data Verification +3214
261 - 273 Data Verification +1676
274 - 286 Data Verification +1992
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| Bit No. | Function
First Status Word
40 None - Fill Zero Fill Zero
41-44 Instrument Serial Number No sign hit
45 Command status bit : Instrument ON/OFF ON=1
46 Command status bit : Scan Motor ON/OFF ON=0
47 Command status bit : Filter Wheel ON/OFF ON=0
48 Command status bit : Electronics ON/OFF ON=1
49 Command status bit ; Cooler Heat ON/OFF ON=0
50 Command status bit : Internal Warm Target Position True=0
51 Command status bit ; Internal Cold Target Position True=0
| 52 | Command status bit : Space Position | True=0
ISeco‘nd Status Word |
53 0
54 0
55 0
56 0
57 0
58 Command status hit : NADIR Position True=0
| 59 I Command status bit : Calibration Enable/Disable l Enabled=0 l
| 60 | Command status bit : Cooler Door Release Enable/Disable Enabled=0 l
| 61 | Command status bit : Cooler Door Open l YES=1 I
62 Command status bit : Cooler Door Closed YES=1
63 Command status bit : Filter Housing Heater ON/OFF ON=0
64 Command status bit : Patch Temperature Control ON/OFF ON=0
65 Command status bit : Fliter Motor Power HIGH Normal = 1

Figure 3.3.3.2/2 : Status Words (Element 63, Bits 40-52 & 53-65)
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3.3.33. Data Format During HIRS/4 Commaoded Position Mode

For the HIRS/4 Commanded Position Mode, the scan mirror moves and stops &t the desired position
(nadir, space, interna warm target, internal cold target).

The data format from the HIRS/4 is the same as during the measurement data, with the 64 288-bit
element pattern.

This pattern is repeated till the Commanded Position Mode is disabled.
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3. 4. POWER ELECTRICAL INTERFACES

34.1. Oveview

The HIRS/4 instrument requires the following power interfaces :

- A regulated +28 Volt Main Power Bus with high quality power as primary source for the instrument.
- A regulated +28 Volr Switched TLM Bus for powering temperaturé telemetry.

- A regulated +28 Volr Pulse Loud Bus for steppers. heaters... which do not comply with the Main Bus
ripple specification.

- A regulated +10 Volt Interface Bus for the command, clock, part of Digital B telemetry and
measurement data interface circuits.

The +28 V Main Power Bus.the+28VSwitdndTLMBus, and the +28 V Pulse Load Bus are
conditioned by the internally redundant Power Conversion Unit (PCU). The +28 V Main Power Bus and
the +28 VV Pulse Load Bus are individually switched and protected. The +28 V Switched TLM Busis
powered whenever the PCU is on. The +10 V Interface Bus is provided by the NIU. This illustrated in
Figure 34.1-1.

Figure 3.4.1-2 details the HIRS/4 interna power distribution.

| [HIR3aICD.doc)
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Figure 3.4.1-1 : HIRS/4 Power Distribution Diagram
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3.43. Power Demand

The actua power demands for HIRS/4 on the individual power busses for BOL & EOL during all
modes and required outlet dimensions are defined in Table 3.4.2-| Power Consumption Data Shest.

The power budget for the thermal control of the baseplate is not part of the instrument power budget
(see§2.33.1).

Parameter Definitions

Typical Beginning of Life Power

Power expected to be measured during instrument acceptance test, = basiC pOwer.

Worst Case End of Life Power

Specified power the instrument shall never exceed (except in case of failure).

Mean Power

Steady state power consumed when the power bus is set at its mean voltage and with a 25 deg. C
temperature.

Min. /Max Power

Min. / max. steady state power consumed as a function of power bus input voltage and instrument
temperature.

Peak Power

Total power consumed during a peak i.e. corresponding to an event of finite duration during the
considered functiond mode. The pesk power is given at mean power bus voltage and with a 25 deg. c
temperature. The peak power is characterized by a peak duration and / or a peak repetition duty cycle.
Failure Power Consumption

Maximum permanent power That will be consumed without triggering an internal protection or without
leagiing to a fuse blowing.

dP/dV @ 25 deg. C

Mean varidion of the consumed power with respect to the input voltage.

| [HIR3aICD.doc]
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Table 3.4.2-1 : Power Consumption Data Sheet (1/2)
HIRS/4 [PV @ 25 deg. C
Typlcal Beginning of Life (W) Worst Case End of Life (W)
Instr. Power Rus Mean | Min. | Max. | Peak Peak | Peak Duty | Mean | Min. | Max. | Peak Peak | Peak Duty | Failure
Made Power | Power | Power | Power ] Duration Cycle Power | >ower | Power | Power | Duration Cycle Power
(Off Mode |28 V Main Bus 3.64| 327 |4.19| None | None 3.83| 344 |4.40]| None | None
28 V Pulse Load 10.60 | 9.54 | 12.19 11.13 | 10.02 | 12.80
28 V Sw. TM Bus (a) 0/ 0 0/ 0/ 0 0/
0.03 0.03 0.03 0.03
10 V Interface Bus 0.10 | 0.09 Jo.115 0.10 | 0.09 |0.115
TOTAL 14.341] 12.90 | 16.495| None | None 15.06/| 13.55 | 17.315| None | None
14.37 16.525 15.09 17.345
Heater |28 V Main Bus 3.64] 327 |4.19 3.83] 344 | 4.40
Mode |28 v Pulse Load 10.60 | 9.54 | 12.19 | 38.60 - 20% (b) | 11.13 | 10.02 | 12.80 | 40.03 95 % (b)
28 V Switched TM Bus | 0.03 0 0.03 0.03 0 0.03
(ii:;t' I0 V Interface Bus 0.10 | 0.09 |0.115 0.10 | 0.09 | 0.115 '
TOTAL 14.37 | 12.90 | 16.525 | 42.37 15.09 | 13.55|17.345| 43.99
(a) In f Mode, the power consumption on the +28 V Switched TLM Bus is 0.03 W, when this bus is available at the inrsttument interface.

®

Heater Modes), it cycles at 95% duty cycle.
t

| (MIR3AICD.doc)
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Table 3.4.2-1 : Power Consumption Data Sheet (%/2)

HIRS/4 T Typical Beginning of Life (W) Worst Case End of Life (W)
Instr. Power Bus Mean | Min. | Max. | Peak | Peak | Peak Duty | Mean | Min. | Max. | Peak Peak | Peak Duty | Failure
Mode Power | Power | ower | Power | Duration Cycle |Power|Power | Power| >ower | Duration Cycle Power
Meas. |28V Main Bus 6.44 | 579 7.41 6.80 | 6.09 | 7.80
& 28 V Pulse Load 12.60 | 11.34 | 1449 | 19.0 | 0.8 sec. | Every 6.4s ] 13.25 | 11.90 | 15.25 | 20.0 | 0.8 sec. | Every 6.4s
Comm. See Note (c) 56.0 | 2 sec. Once - -
Position
) 28 V Switched TM Bus | 0.03 0 0.03 0.03 0 0.03
Modes
10 V Interface Bus 0.10 | 0.09 | D.115 0.10 | 0.09 | 0.115
TOTAL 19.17 | 17.22 | 22.045| 25.57 20.18 | 18.08 ]| 23.195 | 26.93
62.57
(©) In Mcasurement Mode, two peak powers cani be observed :

- the first one is due to the retrace pant of the scan cycle.
-the second one refers to the radiant cooler door deployment, that occurs at the beginning of the mission.

] v cpdoc



Ref. : MO-1IC-MMT-H1-0001

Issue :2 Rev.. O
MATRA MARCONI SPACE HIRS/4 Date  : June. 11®1998
Page :3.37

3.4.3. Power Electrica Interface Requirements

In order to structure the electrical interfaces, all Signals to be controlled by this document will be
identified and classified into a certain number of signal types. For each signal type a three character
identifier code is given as defined in the corresponding tables.: Inmostcascsmepower-sxgnal code is
identical to the code of the Data Sheet by which the signal is specified. :

Tab1e3431 showsﬂmpowa-mterfacsusedbyme}HRSMandmecarspondmgdataslm
identifiers.

Data Sheet Code Interface circuit
+28 VV Main Power Bus FPB Fig. 3.4.3.2-|
+28 V Switched TLM Bus " BPB Fig. 3.4.3.2-2
+28 V Pulse Load Bus WPB Fig. 3.4.3.2-3
+10 V Interface Bus DPB Fig. 3.4.3.24

Table 3.4.3-1 : Powtr Interfaces to HIRS/4

Within the Power Interface Data Sheets, the €lectrical characteristics of the power interfaces are
defined.

343.1. Power Interface Data Sheets

On the following pages the electrical characteristics of the power interfaces are defined with one Data
Sheet per signd. In Table 3.4.3-I: 'HIRS/4 Power interfaces and § 3.4.5 ‘Power Pin Allocation’ is
referenced to these Data Sheets.

The performances specified in the Data Sheets are maintained during the mission lifetime and under
nomina load and temperature range conditions. Source specifications have to be measured a the
connector of the source and load specifications have to be measured at the connector of the load unless
specified otherwise.

Parameter Dtjinitions

Small Signal /mpedance
Output impedance of the power supply tested with, compared to 28V, smal AC signdls.

QOutpur impedance
Linear output impedance of the power supply.

Voliage Ripple
Sinusoidal voltage ripple, including repetitive spikes and voltage drop caused by the instruments current

ripple.

| fHIR3aICD.doc)
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Under-Voltage (incl. ripple & trans.)
The specified voltage range will be considered as under-voltage.

Over-Voltage (incl ripple & trans.)
The specified voltage range will be considered as over-voltage.

Transients
Positive or negative going, non repetitive spikes caused by load current changes.

Max. Steady&ate Current
Maximum power as defined in the Power Consumption Data Sheet divided by the minimum specified
nominal voltage.

Current Ripple
Ripple caused by the load pulsed currents (DC/DC converter, Stepper motors...).

Inrush Current
Maximum allowed input current for a restricted time, when the load is switched on.

Inrush Current Rate
Rate-of-change of the input current over time when the load is switched ‘on’.

| {HIR3aICD.doc)
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Signal Nomenclature 28 \V Main Power Bus
|| code FPB
EMC Class Power
Power Seurce Specification
Parameter Requirement . Remarks
| Voltage 2744 ... 2856V at HIRS/4 input
Smdl Signa Impedance <03Q f < 100 kHz, short circuit
protection & line < 0.1Q
Voltage Ripple | See§ 4312
Under-Voltage >1600V . <2744V for<3s
(incl. ripple & trans.)
Over-Voltage >28.56V ;< 38.00V for < 50 ms
(incl. ripple &.trans.)
Transients See§ 4.3.1.2.
Max. Current <50A Limited by short circuit
protection
ILeakage Current <6mA Short circuit protection "Off
ILoad Specification
Parameter Requirement Remarks
IMax. Steady-State Current 0.19 A
Current Ripple <2% of Max. Stdy-State Curr. f < 100 kHz
Inrush Current | <150% of Max. Suy-State cur. | Steady- State after 1s |
Inrush Current Rate < 30 mA/us
IHarness Design
Parameter Requirement Remarks
Wiring Type AWG 20, T4

| IHIR3aICD.doc)
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Signa Nomenclature

+28 V Switched TLM Bus

Hebof

Code BPB

EMC Class Power

Power Source Specification

Parameter Requirement Remarks
Voltage "27.44 ... 2856 V at HIRS/4 input ’H_d
Small Signal Impedance <160 Q f<100kHz °
Voltage Ripple See§ 4312

Under-Voltage >16.00;< 2744V for<3s

(incl. ripple & trans.):

Over-Voltage > 28.56;< 38.00 V for < 50 ms

(incl. ripple & trans.) :

Transients See§ 4312

had Specification

Parameter Requirement Remarks

Max. Steady-State Current 8§ mA

Current Ripple <1mA, f < 100 kHz
Inrush Current ¢ 150% Max stdy-state Curr. Steady-state after 30 ms
Harness Design

Parameter Requirement Remarks
Wiring Type AWG 24. TP

3 Measured under no load condition.
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| Signal Nomenclature 28 V Puise Load Bus
| Code WPB
| EMC Class Power
| Power Source Specification
Parameter Requirement Remarks
| Voltage 2744 .. 2856V at HIRS/4 input
Small Signal Impedance <03Q f < 100 kHz, short circuit
protection & line < 0.1Q2
Voltage Ripple See§ 4312
Under-Voltage >16;<2744V for<3s
(incl. ripple & trans)
Over-Voltage >2856,<38V for <50 ms
(incl. ripple & trans)
Transients See$ 4312
Max. Current <50A Limited by short circuit
protection
Leakage Current <6mA Short circuit protection ‘Off
Load Specification
Parameter Requirement Remarks
Max. Steady-State Current 15A
Current Ripple 600 mA,, f< 100 kHz
Inrush Current <150% of Max. Stdy-State Curr. Steady-State after 6 ms
Inrush Current Rate <1Alps
Harness Design
Parameter Requirement Remarks
Wiring Type AWG 20, T4

| (HIR3aICD.doc)




Ref. : MO-IC-MMT-H1-0001
Issue :2 Rev.. 0

MATRA MARCOMI SPACE HIRS/4 Date  : June. 11® 1998
Page :3.42

Signal Nomenclature +10 V Interface Bus

Code DPB

EMC Class Power

Power Source specification

Parameter Requirement Remarks

Voltage 95...105v at HIRS/4 input
| Source Current < 100 mA

Small Signal Impedance <1Q f< 10 MHz
l Voltage Ripple See§4.3.1.2.

Under-Voltage >9.0v;<95vVv

(incl. ripple & trans.)

Over-Voltage >105v;<150v

(incl. ripple & trans.)

Voltage Transients See§4.3.1.2.

ILoad Specification

Parameter Requirement Remarks

IMax. steady-state Current 8§ mA

Current Ripple <3mA, f<2.5MHz

Inrush Current < 125% Max Stdy-State Cur. for < 60 ms

Harness Design

Parameter Requirement Remarks

Wiring Type AWG 24. TP
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3.432. Power Interface Circuits

PCU HIRS/4
RO1 EO06
r ‘—
Cnrct) -
Short Circuit —
Oﬂd - - -y -—
+23v o —"1 : r
v — -
Primary Power [ ]
Groun u ]

Al capacitor volues are in micro
Al inductar values are in mili

siskov

Figure 3.4.3.2-1 : +28 VV Main Power Bus Interface Circuit

| Al inductor volues ore in mil g'-:} a(;{;’(/

PCU HIRS/4
R0O3 EO07
N ]
- -
% = L
1 | ATk 21k
2B o : n 54 _ 2.2
] ] 143% INTS2A
n | i
' ‘ - -
Switched TLM B B
i Ground B B
Al resistor values ore in ohm

Figure J-4.3.2-2 : +28 V Switched Telemetry Bus Interface Circuit
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Figure 3.4.3.2-3 : +28 V Pulse Load Bus Interface Circuit
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Figure 3.4.3.24 : +10 V Interface Bus Interface Circuit
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3.4.4. Power Connectors

Table 3.4.4-1 identifies the power connector types at the HIRS/4 boxes ad Table 3.4.4-2 identifies the
power connector types at the HIRS/4 harness.

There is no dedicated connector on the instrument used on METOP for the thermal control Of the
baseplate.

Connector Connector-Type Funcﬁon
JO2 DBMA-25P-NMB Power
JO8 DEMA-9S-NMB Heater TCU VF
(TIROS specific)

Table 3.4.4-1: Power Connector Types at HIRS/4 Boxes

Connector Connector-Type Function
PO2 DBMA-25S-NMB Power
P08 DEMA-9P-NMB Not used at

METOP level

Table 3.4.4-2: Power Connector Types at HIRS/4 Harness

3.45.  Power Pin Allocation Lists

In these lists, the cross reference between connector pin, signal designation, Interface Data Sheet, target
| connector and target connector pin is defined and recorded as data base. Per connector one list is

prepared.
| Interface Data Sheets can be found in § 3.4.3.1.

The individua pin alocation lists are specified by 9 characters of a alpha numerical connector number.
For the HIRS/4 the first 3 characters are HIR. The 7th character is J for a box connector or P for a
harness connector. The last two characters define the. connector number.

Since these lists aso specify wiring and shielding, they will form the basis for harness manufacturing.

The power connector pin alocations at instrument level are &scribed in Tables 3.4.5/1and /2. The
power connector harness are described in Tables 3.4.5/3 and /4.
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Connector : 1HIR305J02 Item: HIR30S Function: Power Backshell : N/A
EMC-Category : 1 Conn.-Type : DBMA-25P
Interface-Code Grouping
Pin  Signal Designation Circ Sigmal Ch.ID Shd Cable Twist | Comment
01 +28VManPwBusHIR  .SUPI |E06 FPB- ABOI Pin1,2and 8 are
14 428V Main PwBusHIR ~ .RTN1 |E06 FPB- ABO1 shorted at P-Conn.
02 +28VMainPwiBusHIR  SUP2 |EOS FPB- ABO1
15 +28VManPwBwsHIR  RTN2 |E06 FPB- ABOI Pin 14, 15 and 21 are
08 +28VMainPwiBusHIR  .SUP3 |Eo06 shorted at P-Coan.
21 +28VMainPwiBusHIR  .RTN3 | E06
03 +28VPulloadBusHIR  .SUPI |EO8 WPB- CBOO Pin 3 and 4
16 +28VPulLoadBusHIR  .RTN1 |EO8 WPB- - CBOO Pin 16 and 17
04 +28VPulLoadBusHIR  SUP2 |E08 are shoned each
17 +28VPulLoadBusHIR  .RTN2 |Eo8 t the P-Coan.
05 +28VPulLoadBusHIR  SUP3 |E08 WPB- CBOO Pin 5,6 and 9
18  +28VPulloadBusHIR  .RTN3 |E08 WPB- - CBOO Pin 18, 19 and 22
06 +28VPulloadBusHIR  SUP4 |EO8 wre shorted each
19 +28VPulLoadBusHIR  .RTN4 |E08 At the P-Coan.
09 +28VPulLoadBusHIR  SUP5 |EOS
22 +28VPulLoadBusHIR  .RTNS |Eos
07 +28VSwTLMBUSHIR SUP |E07 BPB- BBOO
20 +28VSWTLMBUSHIR .RTN |E07 BPB- BBOO
11 10V UF Bus HIR SUP  |E09 DPB- DBO1
24 +10V UF Bus HIR RTN [E09 DPB- DBO1
25 Signal Gad PO2 HIR .GND ‘GND- 5DOI
17 Chasns Gnd HIR -
10 sC -
12 NC -
2nNC .

| fHIR3aICD.doc}
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Not used at METOP level

Table 3.4.5/2 : Pin Allocation List of Connect& Jo8
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Connector :  1HIRI05P02 ltem: HIR305 Function : Power Conn.-Type : DBMA-255-NMB
EMC-Category : | Locatlon: 305 Backshell: TBD
Interface-Code Grouping

Pin Sm Delellnn Cire S!El Pos. | Ch. 1D Wiring_Shd _Cable Twist Comment End-It. Loc. Connecior  Pin | New
o1 +28V Main PwrBus HIR supt 1] koe ’B- D ABOI T4-20 Pin 1,2 and 8 are PCU 230 PCU230 Pxx
14 428V Main PweBus IiIR .RTN1 | L06 PB- - 7 ABOI T4-20 haled st P-Conn. PCU 230 PCU230 Pxx
02 +28V Main PwrBus HIIR SUm 106 FPB- - D ABO} T4-20 PCU 230 PCU230 Pxx
15 +28V Main PwrBus HIR .RTN2 | E06 FPB- - 7 ABO1 T4-20 Pin 14, 15and 21are | PCU 230 PCU230 Pxx
oa +28V Main PwrBux I1IR SuUP3 | K06 - D shorted at P-Conn.
21 +28V Main PwrBus 1IIR .RTN3 |FE06 - 7
03 +28V Pul LoadBus IR SupP1 o8 wWPB- - D CBO0 T4-20 Pin3and 4 PCU 230 PCU230 Pxx
16 +28V Pul L.oadBus HIR .RTN1 | EO8 WPB- - 7 CBOO T4-20 Pin 16 and |7 PCU 230 PCU230 Pxx
o4 +28V Pul 1.0adBus HIR SuUP2 | Eo8 - D are shorted each
17 +28V Pul LoadBus HIR .RTN2 | EO8 - 7 at the P-Conn.
[13] +28V Pul [.oadBus HIR .SUP3 Eo8 WPB- - D CB00 T4-20 Pin§,6 and 9 PCU 230 PCU230 Pxx
13 +28YV Pul | .cadBus IR .RTN3 |lios wPB. - 7 CBOO | T4-20 Pin Ill, 19 and 22 PCU 230 PCU230 Pxx
06 +28V Put [.oadBus HIR SUP4 K08 - D nre shorted each
19 +28V Pul L.oadBus HIR .RTN4 | EO8 - 7 at the P-Conn.
09 +28V Pul L.oadBus IIIR SUPS | Eo8 - D
22 +28V Put L.oadBus HIR .RTNS | KO8 - 7
07 +28VSwt ILM BUS HIR  .SUP E07 BPB- - D BBO0O TP-24 PCU 230 PCU230 Pxx
20 +28VSwi ILM BUSHIR, .RTN EO7 BPB- - 7 DBOO TP-24 PCU 230 PCU230 Pxx
Il + IOV ¥ Bus HIR SUP 109 DPB- - D DBO1 TP-24 NIU 240 NIU240 Pxx
24 +10VI/F Bus HIR .RTN F09 DPB- - 7 DBoO! TP 24 NIU 240 NIU240 Pxx
5 Signal Gnd POZ IR .GND GND- SL-20 NIU 240 - NIU240 Pxx
13 Chassis Gnd HIR -
10 NC
12 NC
23 NC

Table 3.4.5/3 : Pin Allocation List of Connector PO2

| (HIR3aICD.doc)
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Not used at METOP level

Table 3.4.5/4 : Pin Allocation List of Connector PO8
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3.5. SIGNAL ELECTRICAL INTERFACES

35.1. Overview

An overview on the signal electrical interfaces between PLM and the HIRS/4 is presented in Figure
35.1-1.

1.248 MHz Clock

26 ,Pulsé Discrete Commands
4

Analog Telemetry .14
\

Temperatures (TLM Bus) 2
\

Digital B Telemetry 414
A

NIU HIRS

Major Fra. Sync (32 s)

Cal. Pulse (256 s)

o
1 Hz Clock

iy
Data Enable

ol

8.32 kHz Clock

Digital A Data Output

Fig. 3.5.1-1 : Signal Electrical Interfaces PLM <> HIRS/4
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3.5.2.  Signal Electrical Interface Reguirements

Table 3.5.2-| lists al signals of the HIRS/4 interfaces and gives references to the Interface Data Sheets
in§ 35.2.1 as well as the interface circuits in § 3.5.2.2.

Table 3.5.2-1 : Signal to Data Sheets & Interface Circuits Assignments (1/2)

Signal Data Sheet Code| Interface |- Remarks
Circuit
1.248 MHz Clock HIRS/4 CLR Fig. 35.2.2-| Timing :
] see Fig. 3.2.6-1

Instrument Pow. On HIRS/4
Instrument Pow. Off HIRS/4
Electronics On HIRS/4
Electronics Off HIRS/4
Scan Motor On HIRS/4
Scan Motor Off HIRS/4
Filter Motor On HIRS/4
Fliter Motor Off HIRS/4
Int. Warm Target Pos. HIRS/4
Int. Cold Target Pos. HIRS/4
Filter Heat On HIRS/4

Filter Heat Off HIRS/4 Pulse Discrete
Pos. Disable HIRS/4 CCo Fig. 3.5.2.22 commands
Cooler Heater On HIRS/4
Cooler Heater Off HIRS/4
Patch Contr. On HIRS/4
Patch Contr. Off HIRS/4
Space Position HIRS/4
Nadir Position HIRS/4
Cooler Door Enable HIRS/4
Cooler Door Disable HIRS/4
Cdlibration Enable HIRS/4
Cdlibration Disable HIRS/4
Cooler Door Deploy HIRS/4
Filter Motor Pow. High HIRS/4
Filter Motor Pow. Normal HIRS/4
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Table 3.5.2-1: Signal to Data Sheets & Interface Circuits Assignments (2/2)

Signal

Data Sheet Code

IF Circuit

Remarks

Baseplate Temp. HIRS/4
Scan Motor Temp. HIRS/4

Radiator Temp. HIRS/4
Electronics Temp. HIRS/4
Patch Temp. HIRS/4
Filter Motor Temp. HIRS/4
Filter Housing Current HIRS/4
Filter Motor Current HIRS/4
Scan Motor Current HIRS/4
+15vDC TLM HIRS/4
+10 vDC TLM HIRS/4
+7.5 VDC TLM HIRS/4
+5 VDC-TLM HIRS/4
-7.5 vDC TLM HIRS/4
-15 VDC TLM HIRS/4
Patch Contr. Power HIRS/4

TLA

Fig. 3.5.2.2-3

Temperatures
(Sw. TLM Bus)

Rg. 3.5.224

Analog HK
Telemetry

Instrument Pow. On/Off TLM HIRS/4
Electronics On /Off TLM HIRS/4
Filter Motor Ow/Off TLM HIRS/4
Scan Motor OnvOff TLM HIRS/4

Cooler Heater On/Off TLM HIRS/4
Filter Housing. Heat On/Off TL.M HIRS/4
Cover Release Enable/Disable TLM HIRS/4
Filter Motor Pow. Norm /High TLM HIRS/4
Patch Temp. Contr. On/Off TLM HIRS/4

Window Heater On/Off TLM HIRS/4

Go to Nadir Position On/Off TLM HIRS/4
Calib. Sequ. Enable/Disable TLM HIRS/4

cover Closed Yes/No TLM HIRS/4
Cover Open Yes/No TLM HIRS/4

Fig. 3.5.2.2-5

Fig. 3.5.2.2-6

Fig. 3.5.2.2-7

Fig. 3.5.2.2-8

Digital B HK
Telemetry

Major Frame Sync (32s) HIRS/4
Cal. Pulse (256 s) HIRS/4

SYT

Fig. 3.5.2.2- 11

1 Hz Clock HIRS/4

SYR

Fig. 3.5.2.2-10

Data Enable HIRS/4

DEN

8.32 kHz Clock HIRS/4

CLU

Fig. 3.5.2.2-11

Data Output HIRS/4

Fig. 3.5.2.2-9

Timing see § 3.3
Measurement
Data
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MATRA MARCONI| SPACE HIRS/4

3.52.1. Signd Electrical Interface Data Sheets

On the following pages the elecaica characteristics of the signal elecuica interfaces are defined with
one Data Sheet per signa. In§ 3.5.2 ‘Signal Electrical Interface Requirements’ and § 3.5.4 ‘Signa Pin
Allocation’ is referenced to these Data Sheets.

The performances specified in the Data Sheets are maintained during the mission lifetime and under -
nominal load and temperature range conditions. Source specifications have to be measured at the
connector of the source and load specifications have to be measured at the connector of the load unless
specified otherwise. '

The Fault Voltage Protection is the maximum externally induced voltage that the specified input or

output can withstand without damage. The Fault Voltage Emissions is the maximum internally
generated voltage that the specified input or output can create under worst case fault conditions.
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MATRA MARCONI SPACE HIRS/4 D | Jzune, 1% 1666
Page :352
Signal Nomenclature 1.248 MHz Clock
Code CLR
EMC Class RF
Source Circuit Specification .
Parameter Requirement Remarks
Low Level - 0.2..402V line to 10 V I/F ground
High Level +9.3...+10.7V line to 10 V I/F ground
Frequency (initial setting) 1.248 MHz + 1.10° square wave
Stability 15.107/ sec
Frequency Drift per Week 5.10° over temperature range
Frequency Drift per Year 1.10% at constant temperature
Rise Time 10% to 90% < 60 ns cable length <5 m
Clock Symmetry >82% see figure below
Output Impedance <120Q CMOS buffer output
Source Current >2.8mA @ Vog=95V
Fault Voltage Emissions OV..Vpp Rs> 100 Q
Fault Voltage Protection 05V ..Vpp+05V Vpp defined in Data Sheet CCO
Load Circuit Specification
Parameter Requirement Remarks
Low Leve -05...420v line to 10 V I/F ground
High Level (V) +80...4108V line to 10 V I/F ground
Sink Current <1mA
Input Impedance >90kQ
Fault Voltage Emissons OV..Vpp Rs>2kQ
Fault Voltage Protection -05v...Vpp+05vVv Vpp defined in Data Sheet CCO
Harness Design
Parameter Requirement Remarks
Wiring Type Double shielded cable See Fig. 35.2.2-.
Symmetry
A/Bx 100% ifB>A _J““"“B"’
B/Ax 100% ifA>B -
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Ref. : MO-IC-MMT-HI-0001
MATRA MARCON SPACE HIRS/4 e 11 1608
Page :3.53
| Signal Nomenclature | Pulse Discrete Commands (Long)
| Code | cco
|EMC Class | Signal
Source Circuit Specification
Parameter Requirement Remarks
'1'- Level / TRUE | -0.2..402vV line-to 10 V /F ground -
‘0" - Level / FALSE' (Von) 493 ... 4107V line to 10 V I/F ground ]
Rise Time 10% to 90% <12us cablelength<5m
Fall Time 90% to 10% | <12ps cable length<5m
Pulse Duration | 0.5..15s ‘1 - Leve
Output Impedance | <15k R (CMOS output) + 200 Q
Source Current . >ImA @Vm=9.5V‘
| Fault Voltage Emissions 0V...Vm Rs>100Q
Fault voltage Protection 05V...Vpp+ 05V Vip see Note 1
| Load Circuit Specification |
| Parameter | Requirement | Remarks |
‘I’-Level/TRUE | 05... 42V |  linew10VIFground |
'0'- Level / ‘FALSE ] +80...+108V |  line010 V IF ground
Sink Current | <1mA |
Input Impedance | >90kQ | |
Fault Voltage Emissions, | UV... v | Rs>2kQ |
Fault VVoltage Protection | -05Vv...Vp+05v Voo see Note
Harness Design
Parameter Requirement Remarks
Wiring Type AWG 24. single line return via+10 V IF ground

Note : Vpp is the common supply voltage for the source and the load circuit
Definition of Vpp:see Data Sheet ‘+ 10 V Interface Bus- DPB’ in § 3.4.3.1.
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Issue : 2 Rev.: 0

MAYRA MARCOMI SPACE HIRS/4 Date : June, 11° 1998
Page 354
Signal Nomenclature Analog HK Telemetry
Code TLA
EMC Class Signal
Source Circuit Specification
Parameter Reguirement Remarks
Voltage Range 0..5.12V load > 2 MQ
Spectral Frequency Range 0..200Hz for £ > 200 Hz filter required ;
sampling rate : see under Load
Output Impedance 2kQ ... 15kQ
Source Current >3 pA
Fault Voltage Emissions TBDur TBDmr
Fault Voltage Protection TBDym TBDg
Load Circuit Specification
Parameter Requirement Remarks
Input Voltage Range 0..512v Line to return
Sampling Rate 0.125 ... 16s
Conversion Resolution 8 bit 20 mV/LSB
Measurement Accuracy - 20mV
Sink Current <3uA
Fault Voltage Emissions 15,15V Rs>2kQ
Fault Voltage Protection -15. .. +15v
Input Impedance >2MQ
Harness Design
Parameter Requirement Remarks
Wiring Type AWG 24. Single Line Return via Signa Ground or
Sw. TLM Ground
(see Interface Circuits)
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HIRS/4

Ref. : MO-IC-MMT-HI-0001

Issue :2 Rev.: 0O
Date . June. 11® 1998

Page : 355

Signal Nomenclature

Digital B Telemetry

Code TLD

EMC Class Signd

Source Circuit Specification

Parameter Requirement . Remarks

‘0’ - Level 01...405v Ground reference : see
Interface Circuit

'0'- Level +35...457v Ground reference : se¢
Interface Circuit

Spectral Frequency Range 0...200 Hz for £ > 200 Hz filter required ;

sampling rate : see under Load

Output Impedance 2KQ ... 15kQ

Source Current >60 pA

Fault Voltage Emissons TBDur TBDumx

Fault Voltage Protection TBDur TBDum

Load Circuit Specification

Parameter Requirement Remarks

'1'- Level £2...408V line to 10 V UF ground

‘0" - Level +3.0...45.7v line to 10 V I/F ground

Sink Current < 60 nA

Sampling Rate 0125...165

Fault Voltage Emissions -15...+15Vv Rs>0.2kQ

Fault Voltage Protection -15. .. 415V

[nput Impedance > 100 kQ

Harness Design

Parameter Requirement Remarks

Wiring Type AWG 24, single line return via 10 V I/F ground
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Ref. : MO-IC-MM-T-HI-000 1
MATRA MARCOMI SACE HIRS/4 Batc | e, 1151508
Page :356
Signal  Nomenclature | Sync.32s/256s
Code r SYT
EMC Class I signal
Source Circuit Specification
Parameter Requirement Remarks
‘1 - Leve -02..402v line-to 10 V I/F ground
‘0" - Level (VoR) +93...410.7v line to 10 V IF ground
Repetition Rate 32s/256s
Stahility tolerances : see Table 3.3.2-I
Pulse Width 240.4 £ 2.7 s a‘l - Leve
Rise Time 10% to 90% <2upus cable length<5m
Fal lime 90% to 10% <2us cablelength<5m
Output Impedance <15kQ R (CMOS output) + 200 Q
Source Current >1mA @Voy =95V
Fault Voltage Emissons OV..Vpp Rs> 100 Q2
Fault Voltage Protection -05v...Vpp+05v Vpp defined in Data Sheet CCO
Load Circuit Specification
Parameter | Requirement Remarks |
T~ Level | 05...42V lineto 10 VUFground |
‘0'- Level +8.0...+108V line to 10 V I/F ground
Sink Current <1lmA
[nput Impedance > 15kQ
Fault Voltage Emissons TBDyr TBDwr
Fault Voltage Protection TBDur TBDur
Harness Design
Parameter Requirement Remarks
Wiring Type AWG 24. single line return via+10 V I/F ground
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MATRA MARCONI SPACE HIRS/4 Dox e, 1151698
Page 357

Signad Nomenclature syncls
Code SYR
EMC Class Signal
Source Circuit Specification
Parameter Reguirement , Remarks -
Low Level -0.2...402v | lineto 10 V IF ground
High Level (VoR) | +93...410.7V |  linew10VIFground |
Repetition Rate 1 pps | Square wave |
Stability Tolerances : see Table 3.3.2-1 | |
Clock Symmetry >70% | see figure Data Sheet CLR |
Rise Time 10% to 90% <2ps | cable length < 5.m |
Fall Time 90% to 10% <2ps | cable length < 5 m |
Output Impedance <15kQ | R(CMOS output) + 2000 |
Source Current | >1mA | @ V=95V |
Fault Voltage Emissions | 0V... Vo | Rs>100Q |
Fault Voltage Protection UoV.. . vptosV Vpp defined in Data Sheet CCO |-

|
Load Circuit Specification |
Parameter | Requirement | Remarks |
'l'- Level ] 05. .. A2V 1 line to 10 V UF ground
'0' - Level ] +80...+108V line to 10 V I/F ground
Sink Current | <1mA
Input Impedance | >15kQ - N
Fault Voltage Emissions | OV...Vpp Rs>2kQ
Fault Voltage Protection 05Vv..Vpp+05v Vpp defined in Data Sheet CCO
Harness Design
Parameter | Requirement | Remuarks |
Wiring Type | single line return via +10 V I/F ground
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Signal Nomenclature Data Enable
Co& DEN
EMC Class Signd
Source Circuit Specification
Parameter Requirement . . Remarks _
‘1 -Level 0.2..4+02V line to 10 V I/F-ground
'0' - Level (Vop) +9.3..+107V line to 10 V IF ground
| Number of Samples 36 per 100 ms
| Stability derived from 8.32kHz Clock | see Data Sheet CLU/CLR
|| Puise width (39/5) x (1/8.32 kHz Clock) at'l' - Level
Rise Time 10% to 90% <2us cable length<5m
Fal Time 90% to 10% <2ps cablelength<5m
Output |mpedance <15kQ R (CMOS output) + 200 2
Source Current >1mA @Vou=95v
Fault Voltage Emissions OV...Vp Rs> 1000
Fault Voltage Protection -05v...Vpp+05vVv Vpp defined in Data Sheet CCO
Load Circuit Specification
Parameter Requirement Remarks
'T- Leve 0S5..42V line to 10 V I/F ground
‘0- Leve +80...4108V line 10 10 V I/F ground
Sink Current <1mA
Input Impedance > 15kQ
Fault Voltage Emissons OvV...Vpp Rs>2kQ
Fault Voltage Protection -05v...Vpp+05v Vpp defined in Data Sheet CCO -
Harness Design
Parameter Requirement | Remarks
Winnp Type AWG 24. single line return via 10 V I/F ground
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Signal Nomenclature _ 8.32 kHz Clock
Code CLU
EMC Class , Signal
Source Circuit Specification _
Parameter Requirement Remarks
'1'- Level 02..402V line to 10 V I/F-ground
'0' - Level (Vog) +9.3...+10.7V line to 10 V UF ground
Repetition Rate 8.32 kpps tolerance depends on

1.248 MHz Clock
Stability derived from 1.248 MHz Clock see Data Sheet CLR
Pulse Width 24 us+ 1.7 us at'l' - Level
Rise Time 10% to 90% <2ps cable length< 5 m
Fall Time 90% to 10% <2ps cable length<5m
Output Impedance <15kQ R (CMOS output) + 200 Q
Source Current >1mA @ Voy=95V
Fault Voltage Emissions OV.. Vpp Rs>1000
Fault Voltage Protection O5V. . Vpp+05V Vpp defined in Data Sheet CCO
Load Circuit Specification
Parameter Regquirement Remarks
'T" - Level 05..42V line to 10 V I/F ground
'0' - Level +8.0..+108 V line to 10 V F ground
Sink Current " <1mA
Input Impedance >15kQ
Fault Voltage Emissions OV.. Vpp Rs>2kQ
Fault Voltage Protection -05v...Vpp+05v Vpp defined in Data Sheet CCO
Harness Design
Parameter Requirement Remarks
Wiring Type AWG 24, single line line to 10 V I/F ground
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Signal Nomenclature Dataoutput

Code DOA

EMC Class Signal

Source Circuit Specification

Parameter Requirement Remarks -

‘1 - Leve 02...402v line to 10 V UF ground

'0' - Level (VoR) +9.3.. 4107V lineto 10V UF ground |
Data Word Rate (Burst) 36 x 8-bit words per 100 ms |
Rise Time 10% to 90% <2ps | cable length<5m I
Fall Time 90% to 10% ‘<2 ps cablelength<Sm

Output |mpedance <15kQ R (CMOS output) +200 Q
Source Current >1mA | @ Vog — 95V |
Fault Voltage Emissions TBDur | TBDux |
Fault Voltage Protection TBDur TBDuax

Load Circuit Specification |
Parameter Requirement | Remarks |
‘1'- Level -05...42V | lineto10VIFground |
0 - Level +80...+108V |  lineto10VIFground |
Sink Current <imA | |
Input impedance >90kQ l
Fault Voltage Emissions UV... vy Rs>2kQ |
Fault Voltage Protection 05V...Vpp+05V Vpp defined in Data Sheet CCO
Harness Design

Parameter Requirement Remarks

Wiring Type AWG 24. single line return via 10 V IF ground
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Page :3.61
3.5.2.2. Signal Interface Circuits
NIU HIRS/4
012 B12
< FIV|/FBus IOV JF Bs
Qno ) 1109
. » N
él_lr") _lo19 n N gﬂ o °-’JL’
_”_ N B = TaYA NAa H F .3 i
( - Y \/ -
] B CO4041
CoM4 - ] pagedf
or equwal. — =
- Ll VA
+1V |/F Ground ] n Hod
- (1 0 L
O Jsmes multple circuits N N ) erves mutpe ciaits
] ™1 Al resistor volues ore in ohm
] ] At copocitor volues are in micro forad
mmmw£_ _E%n

Fig. 3.5.2.2-1 : HIRS/4 1.248 MHz Clock Interface Circuit

NIU HIRS/4
oio B10O
+10V I/F Bus +10V I/F Bus
no* - . 1109
|| |
] 1 2l339 ho
N 1 [ ¢ &
- 1
: | s
- - CMOS 40xx
- || series gates
= \4 m — '
+10V {/F Ground B — +10V I/F Ground
— m
® ) sves mutie ciuuis +) serves muitiple circuits

Al resistor values ore in ohm
All capacitor vaives OR in micro farad

Fig. 3.5.2.2.2 : HIRS/4 Command Receiver for Relay Drive Interface Circuit
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Ref. : MO-IC-MMT-HI-0001

MATRA MARCONI SPACE Issue :2 Rev.: 0
Page : 362
HIRS/4 NIU
057 Al3
+28V LM
: - ] T,
5417k — = 7
221k [ N Z; ;E
1 1—}-_ - N . .
Temperature — - - - 3
o 14.33% - | ] a 1 L m>
|~ = h - _'ﬂl
] . i
- - t
TLM Power Ground : ] % f ’
B | o
— — v.
- 7
All resistor values are in ohm
Only one +28 V Switched TLM Ground line is provided from HIRS/4 for all temp. (Sw. TLM Bus) interfaces.

Fig. 3.5.2.2.3 : HIRS/4 Full Time Temperature Telemetry Interface circuit

HIRS/4 NIU
024 A13
- = v,
- - ]
u | |
i +
u u 4 sy,
N ] =1 | ==>
: 2
- — N “
- - ]
v N ] ZE T
Signol Ground ] n .
- = )
- - v,
- L=,
All resistor volues are in ohm
All copacitor values on in micro forod \

Note : HIRS/4 diodes are IN6642 (for information only)
Only one Signal Ground line is provided from HIRS/4 for all analog TLM interfaces.

Fig. 3.5.2.2-4 : HIRS/4 Typical Analog Telemetry Interface Circuit

| THIRBICD.doc]



Ref. : MO-IC-MMT-HI-0001
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HIRS/4 NIU
025 A03
— B — Y
+28Y Bus e u 5 o
56.2k — 5 ’
Z.ZL_ = - ' )
N n - uns>
{01 JINTs2A 124 A u 1 1]
] - v
Power Ground — 1 410V I/F Ground

Ul resistor values ore in ohm
Ul capacitor volues ore in micro farod

Fig. 3.5.2.2-S : HIRS/4 Standard Digital B Telemetry Interface Circuit

HIRS/4 NIU
058 A03
+28V Bus 'ﬁ pec/oc

+%

BT w | - x
22k L] -
p o—
- - '
Ry WS {0 u u 1 lm>’
‘ T = || = &
i = |
' v B ubA
Power Grounc u | +10¥ i/F Ground
j -

Al resistor volues ore in ohm
| All capocitor vaiues ore in micro forod

Fig. 3.5.2.2-6 : HIRS/4 Digital B Window Heater Telemetry Interface Circuit
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HIRS/4 NIU
059 AO3
to Dato Formatter ] N *?r‘
oy Dl A N m
HV|/FGond | ] N
Ul resistor values on in ohm B ]
Ul copacitor volues ore in micro forod
Fig. 3.5.2.2.7 : HIRS/4 Digital B Logic Controlled Telemetry Interface Circuit
HIRS/4 NIU
060 A03
to Dato Formatter ] ] ¥
(Ogital ) u n —
+10V 10k L 10k )_: :
‘l_ [ | ] ] uns>.
01 10k = - '
! B | =f: m
| n ]
| m -
+10V I/F Ground - | +10V |/F Grownd
All resistor volues ore in ohm B 7
Al capacttor volues ore in micro forod
Figure 3.5.2.2-8 : HIRS/4 Digital B Cover Telemetry Interface Circuit
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. Page :3.65
NIU HIRS/4
HIRS/4 (Digital Data A) NIU (Digital Data A)
011 B11
+IV |/F Bus +10V I/F Bus
Dno" B _ 10
T F 0 fpe T
— | >° 200 N u ' %
mg 0.00027 : : ng7m
o e T n ] series gotes
v = - v ) .
+10V I/F Ground m 1 +10V I/F Ground
#) saves multipie circuits ] +) serves multiple circuits

Al resistor values ore’in ohm
Al capacitor volues gre in micro forod

Figure 3.5.2.2-P HIRS/4 Fast CMOS-CMOS Interface Circuit

NIU HIRS/4
011 BI3

+10V |/F Bus +10V I/F Bus
@10" ﬁno 9

gs ) 019

comlg/ o.woz7_l_

[T I1rhrrir*

TT T T L PIfrd

of equival. T or Wt
v v
+10V I/F Ground +10V I/F Ground
s) serves multiple circuits

@ ) serves mutlple circuits

All resistor values are in ohm
Al capacitor voiues ore in micro farod

Figure 3.5.2.2-10 : | Hz Clock Interface Circuit
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NIU HIRS/4
o11 B36
+10V I/F Bus +10V I/F Bus
DHO" 1Mo .

o133 0.9 _LJ ) = X

T | N

=

]

T I\>:_ﬂ, |

IENENENIIEEEEN

| HNENENIINEEEN

I/ _I_ 0.00047 | l/ @
4049 00007 T M
or equival. T or equivalent
v v
+10V 1/F Ground +10V I/F Ground

O ) serves mupe ciis O xuesnultipkciruii

Al resistor values are in ohm Al resistor vaives are in ohm
Al enpoctor values ore in micro famd Nl copacitor volues ore in micro fomd

Figure 3.5.2.2-11 : HIRS/4 Fast CMOS-CMOS Interface Circuit With Hysterisis
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3.53. Signal Electrical Connectors

HIRS/4

Ref. : MO-IC-MMT-HI-0001

Issue : 2

Rev.: 0

Date : June. 11" 1998
Page :3.67

Table 3.5.3-1 identifies the signal electrical connector types at the HIRS/4 boxes and Table 3.5.3-Z
identifies the signal electrical connector types at the HIRS/4 harness.

l Connector l Connector-Type Function I
| o | DEMA-SP Clock -}
J03 DCMA-37P Command
104 DCMA-37S Analog TM
105 DBMA-25S Digital TM

106 DAMA-15P Data (Digital A)

Table 3.5.3-1 : Signal Electrical Connector Types at HIRS/4 Boxes

Connector Connector-Type Function
PO1 DEMA-9S-NMB clock
P03 DCMA-37S-NMB Command
P04 DCMA-37P-NMB Analog TM
POS DBMA-25P-NMB Digital TM
PO6 DAMA-155-NMB Data (Digital A)

Table 3.5.3-2 : Signal Electrical Connector Types at HIRS/4 Harness
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35.4.  Signal Electrical Pin Allocation Lists

In these lists, the cross reference between connector pin, signal designation, Interface Data Shest, target
connector and target connector pin is defined and recorded as data base. Per connector one list is
prepared.

Interface Data Sheets can be found in § 3.5.2.1.

The individual pin allocation lists are specified by 9 characters of a alpha numerical connector number. - .

For the HIRS/4 the first 3 characters are HIR The 7th character is J for a box comnector or P for a
harness connector. The last two characters define the connector number.

Since these lists also specify the wiring and shielding, they will form the basis far hamess
manufacturing.

The signal connector pin allocations at instrument ievel are described in Tables 3.5.4/1 to /5. The signal
connector harness are described in Tables 3.5.4/6 to /10.

Note that the following instrument connector pins are currently spared on TIROS applications :

Connector | Table # | Pin Number | TIROS Assignment I
103 l 35412 l 34 | Spare |
35 Spare
Connector . FHIR305J01 Item: HIR305 Function:  Clock Backshell : N/A
EMC-Category : F Conn.-Type | DEMA-09P
Interface-Code " Grouping

Pin  Signal Designation Circ Signal P |GuID Shd Cable Twist | Comment New
01 128 MHzClockHIR SIG |B12 CLR-- D |croo
0: 1.248 MHz Clock HR  .ISHD |B12 QLR- - 7 CROO see Fig. 35.22-1
03  CABLE SHIELD .OSHD | SHD -0 Pin 3 and 4 are
o4 CABLE SHIELD JOSHD | sHD -0 shorted at the J-Conn.
05  Chasnis God HIR
Ob SC
07 SC
08 SC
09  Signal Gad PO HIR GND GNDT - GDO0O

Table 3.5.4/1: Pin Allocation List of Connector Jo1
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Connector : 2HIR305J03

HIRS/4

HIR305

Function :

Conn.-Type : DCMA-37P

Ref.

Issue
Date
Page

Command

: MO-IC-MMT-H1-0001
12 Rev.: O
: June. 11" 1998

3.69

Backshell : N/A

Interface-Code Grouping
Pin  Signal Designation Cire  Signal Pos. |Ch.ID Shd Cable Twist | Comment | New
01  InstrPwrOn HIR SIG B10 CCO- - D CO00
02 Instr Pwr Off HIR SIG B10 CCO- - D 001
03  ElecOnHIR SIG B10 OCO- -D c o
04  Elec Off HIR SIG 810 CCO- - D CG03
05 Scan Mot On HIR SIG B10 OCO- - D Coo04
06 Scan Mot Off HIR SIG 310 CCO- - D CO05
07 Filter Mot On HIR SIG 310 CCO- - D COo06
08  Filer Ma Off HIR SIG 310 cCco- - D 0007
09 IntWamTgtPosHIR SIG | 310 ©CO- . - D COo8
10 IntColdTgtPosHIR  SIG 310 cCco- - D cGO9
1 Filter Hr Go HIR SIG 310 cCo- - D Co10
12 Filter Hr Off HIR SIG 310 oCO- - D co1nl
13 Pos Dis HIR SIG 110 CCo- - D 012
14 NC -
15 . NC -
16 NC .
17 NC -
18 NC .
19 Chassis Gad HIR -
20 Cootr Hr Op HIR SIG 130 CCO- - D Jo13
21 Coolr Hx Off HIR SIG 110 CCO- - D 2014
22 ParchQu Go HIR SIG 310 CCO- - D 015
23 PachCUOff HIR sic | no cco- - p |0
24 Space Pos HIR SIG 110 CCO- - D. 2017
25 Nadir Pos HIR SIG 110 CCO- - D o018
26 Coolr Door Ea HIR SIG 110 CCO- - D 2019
27 Coolr Door Dis HIR SIG 110 CCO- - D 2020
28 Cal Eo HIR SIG 10 CCO- D 021
29 Cal Dus HIR SIG 110 CCO- - D 2022
W Coolr Door Dl SIG o CCO- - D 023
R} Fulter MotPut Hi HIR SIG 310 CCO- - D Co24
32 Fiter MotPwtNor HIR ~ .SIG 310 C€Co- - D c025
33 sc -
34 +I0V MGSDA HIR .RTN NALR - N710 .
35  +OVIFGSDBHIR .RTN NALR - N711 .
36 SC -
7 Signal God PO3 HIR .GND GND- - GDO02

* : METOP requirement.
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Ref. : MO-IC-MMT-HI-0001

: 2 Rev.: 0
' MATRA MARCONI SPACE HIRS/4 e e 1o 199
Page :3.70
Connector : 2HIR305J04 |tem: HIR305 Function :  Analog TLM Backshell : N/A
EMC-Category : 2 Conn.-Type : DCMA-37S
Pin  Signal Designation Grc  Sienal CQ.ID Shd Cable Twist | Comment | vew
01 Radiator Temp HIR SIG 024 TLA- - D TA2
02 BaseplseTempHIR  SIG |057 TLA-- . D TA23
03  Elec Temp HIR SIG 024 TLA- - D TA24
04  Patch Temp HIR SIG | 024 TA- - D | TA28 -
05 FiltsHousingCunHIR  SIG | 024 TLA- - D |TA2s
06 San Ma Temp HIR SIG 057 TLA- - D TA27
07 Filter Ma Temp HIR SIG 024 TLA- - D TA28
08 NC -
09 +5 VDC TLM HIR SIG 024 TLA- - D TA29
10 +10 VDC TLM HIR SIG 024 TLA- - D TA30
11 +1.5 VDC TLM HIR SIG 024 TLA- - D TA3}
12 -7.5 VDC TLM HIR SIG 024 TLA- - D TA32
13 +15 VDC TLM HIR SIG 024 TLA- - D TA33
14 -15 VDC TLM HIR SIG 024 TLA- - D TA34
15 . NC -
16 NC -
17 NC -
18 N C
19 Chassis Gnd HIR
20 Fier Ma CQumr HIR SIG 024 TLA-. - D TA3S
21 Scao Mot Curr HIR SIG 024 TLA- - D TA36
22 Patch Ci Pwr HIR SIG 024 TLA- - D TA37
23 NC -
24 SC -
28 SC -
26 SC
by sC
28 SC -
29 SC -
W SC -
ki NC
N S C -
33 SC -
M SC -
35 SC -
36 SC -
37 Signal God PO4 HIR .GND GND- - GDO3

Table 3.5.4/3 . Pin Allocation List Of Connector J04
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Connector :

2HIR305J05

Item :

Ref. : MO-IC-MMT-HI-0001
Issue :2 Rev. : O
HIRS/4 Date  : Jume, 11™ 1998 -
Page 371
HIR305 Function :  Digital BTLM Backshell : N/A

EMC-Category : 2

Conn.-Type : DBMA-25S

Interface-Code Grouping
Pin  Signal Designation Circ  Signal Pos. |Ch.ID Shd Cable Twist | Comment | New
01 IlswPwrOOTIMHIR SIG |o2s LD - D | TDIS
02 ElecPrOOTLMHIR SIG |02 TLD- - D |TDI6
03 FitMotPwrOOTLMHIR SIG | 025 TLD- - D ID17 .
04 SaMotPwrOOTLMHIR SIG [025 TLD- - D D18
05 CookHrOOTLMHIR SIG |025 TLD- - D |7TD19
06 FitHeHrOOTLMHIR SIG |025 TLD- - D ™20
07 CoverRelEaDisTLMHIR SIG |o2s TLD- - D ™21
08 WindowHrOOTLMHIR SIG | 058 TLD- -'D D22
09 GuoNsdPsOOTLMHIR SIG |059 TLD- -D ™23
10 CalSeqEsDisTLMHIR SIG [0$9 TLD- - D D24
11 CoverClosedYNTLMHIR SIG | 060 TLD- -D D25
12 CoverOpen YNTLMHIR SIG |060 TLD- -D ID26
13 Chassis Gnd HIR -
14 FuMoPwiNoHiITLMHIR SIG | p25 TLD D ID27
15 PaTempCiOOTLMHR SIG |025 TLD- - D ID28
16 NC -
17 NC
18 NC
19 NC -
20 NC -
2l NC -
2 NC -
23 NC -
24 NC -
23 Signal Gad PM HIR GND GND- 5Do04

Table 3.5.4/4 : Pin Allocation List of Connector JO5
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' MATRA MARCONI SPACE

Connector :  2HIR305J06

Item :

Ref. : MO-IC-MMT-HI-0001

Issue :2 Rev.:
mRS/4 Date : June, 117 1998
Page @ 372

HIR305
EMC-Category : 2

Function :

Conn.-Type : DAMA-15P

Digital A Data  Backshell: N/A

Interface-Code Grouping
Pin  Signal Designation Circ  Signal Pos. |[CWID Shd Cable Twist | Comment
01 MjFrmSycPul32sHIR SIG [BIIL  SYT- - D 5T00
\ 02 cuh@um SIG | B11 SYT- - D STO1
. 2565
03 DaaEaHIR SIG |Bl1 DEN- - D DN0O )
04  8.32kHz Clock HIR SIG |BI1 @U- - D cuoo
05  Data Output HIR SIG |011 DOA- - D DAGO
06  1HzClock HIR SIG |B13 SYR- - D 5R00
07 NC -
08  Chassis God HIR .
09 NC -
10 NC
11 NC
12 NC -
13 NC -
14 NC -
15 Signal God P06 HIR GND GND- - GDos

} THIRIBICD dec]

Table 3.5.4/5 : Pin Allocation List of Connector JO6




Ref. : MO-IC-MMT-HI-00L
Issue :2 Rev.:
‘ RATRA MARCOM) SPACE HIRS/4 Date  :June, 1 l"'e1998 ’

Page :3.73

Connector :  FHIR305POI Htem: HIR30S Function :  Clock Conn.-Type : DEMA-09S-NMB

FMC-Category : F Location: 305 Backshell : TBD
Interface-Code Grouping

Pin Signal Designation Cire  Signal Pos. [Ch.ID Wiring Shd Cable Twist | Comment Fnd-it. Loc. Conmector Pin | New

01 1.248 MHzCinck INR  .SIG 312 CLR- - D CRO0 TRI-24 NIU 240 NIU240Pxx

02 1.241 MUz Clock IIIR  .ISHD | B12 CLR- - 7 CROO TRI-24 see Fig. 3.5.2.2- NIU 240 NIU240 Pxx

03 CABLE SHIELD LOSHD | 3D 0 Pin3 and 4 are

04 CABLE SUHIELD 0S| SHD (4] shorted at the -J Conn.

05 Chassis Gnd HIR

06 NC -

07 NC -

08 NC -

09 Signal Gnd PO1INR GND GNDT GO0 SL-24 NIU 240 NIUA40Pxx

| RIBICD.doc]
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Ref. ¢ MO-IC-MMT-HI-0001

MATRA MARCONI SPACE ssue 12 Rey.: 0
! st HIRS/4 Date  :June, 11™ 1998
Page :3.14
Connector :  2HIR305P03 Item: HIR30S Function:  Command Conn.-Type : DCMA-37S-NMB
EMC-Category : 2 Location : 305 Backshell : TBD
Interface-Code Grouping
Pin__Signal Designation Cire_ S W Pos. |Ch.ID Wiring _ Shd Cable Twist | Comment |End-It. Loc. Conmector _ Pin_|New
0l Instr Pwr On HIR SIG Bio CCO. D CO00 Sl.-4 NIU 240 NIU240 Pxx
02 Instr Pwr (Ff HIIR SIG B0 CCO- - D CO01 SL-24 NIU 240 NIU240 Pax
03 [itec On HIR SIG BI10 CCO- D €002 SL-24 NIU 240 NI1U240 Pax
04 Flec Off HIR .SIG B10 CCO- - D CO003 SL-4 NIU 240 NIU240 Pxx
05 San Mat On HIR SIG B10 CCO- D C004 S1.-24 NIU 240 NIU240 Pxx
06 Scan Mot Off HIR .SIG 810  CCO- - D COO0S SL.-24 NIU 240 NIU240 Pxx
07 Filter Mot On HIR .SIG B10 CCO- D CO06 SL-24 NIU 240 NIU240 Pxx
08 Filter Mot OIf HIR SIG B10  CCO- D C007 SL-24 NIU 240  NIU240 Pxx
W Int Warm Tgt Pos HIR SIG Blo0 CCO- . D COo08 SL-A4 NIU 240 NIU240 Pxx
10 It Cold Tgt Pas IHR SIG B10 CCO- - D CO09 SL.-24 NIy 240  NlU240Pxx
] Filter Hir On HIR SIG B0 CCO- . D COI10 Si.-24 NIU 240 NIU240 Pxx
12 Filter Hie Off HIR SIG B10 CCO- - D coll SL-24 NIU 240 NIU240 Pxx
13 Pos Dir IR SIG BIO CCO- D CO12 SL-24 NIU 240 NIU240 Pxx
14 NC
15 NC
16 NC
17 NC
18 NC
19 Chassis GudilIR .
20 Coolr litr On HIR SIG B10 CCO- D co13 SL-24 NIU 240 NIUUO Pxx
21 Coolr Hir Off HIR SIg B10 CCO- D COt4 SL-24 NIU 240 NIUUO Pax
22 PaichCtl On HIR SIG BIO CCO- D COIS Sl.-24 NIU 240 NIU240 Pxx
23 PatchQy Off HIR SIG BI0 CCO- D Col6 Sl.-24 NIU 240 NIUUO Pxx
24 Space Pos HIR SIG BIO  CCO- D co17 Sl.-24 NIU 240  NIU40 Pax
25 Nadir Pm HIR SIG B10 CCO- D co1s SL-24 NIU 240 NIUUO Pxx
26 Coolr Dooe En HIR .SIG B10 CCO- D CO19 SL-24 NIU 240 NIUUO Pxx
27 Coolr Door Dis HIR SIG BI0 CCO- - D C020 SI.-24 NIU 240 NIU240 Pxx
28 Cal En HIR SIG BIO CCO- - D co2l Sl.-24 NIU 240 NIU240 Pxx
29 Cat Dis | IR S1g BIO CCO- - D co22 Si.-24 NIU 140 NIU240Pxx '
30 Coolr Door Dpl .SIG B10 CCO- D C023 SL-24 NIU 240 NIU240 Pxx
k]| Filter MotPwr 1li HIR SIG BIO CCO- D C024 Sl.-24 NIU 240 NIU240 Pxx
32 Filter MatPweNer HIR  .SIG BIO C€CO- - D C025 SL-24 NJU 240 NIUUO Pxx
kX NC
34 t 10V I GND A HIR .RTN NAIR - N710 SL.-24 NIU 240 NIU240 Pxx
35 +10V IF GND B HIR R'IN NAIR - N711 Sl.-24 NIU 240 NIU240 Pxx
36 NC - -
37 Signal Gnd P03 HIR GND GND- - GD02 SL.-20 NIU 240 NIU240 Pax
Table 3.5.4/7 : Pin Allocation List of Connector PO3
(For Information Only)
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Ref. : MO-IC-MMT-HI-OOI :I

MATRA MARCONI SPACE HI RS/4 Issuie 12 Rev. :0
e et ttiss Date  :June. 11™ 1998
‘Page  :3.75
Connector :  2HIR305P04 ttem: HIR YOS Function:  Analog TIM Conn.-Type : DCMA-37P-NMB
EMC-Category : 2 Location : 305 Backshell: TBD
Interface Code Grouping

Pin__Signal Designation Clre S Pos. |Ch. ID Wiring Shd Cable’ Twist | Comment |End-. Loc. Connector __ Pin_| Vew
01 Radiator ‘Temp HIR Si6G 024 11A- )] TA22 Sl.-24 NIU 240 NIU240 Pxx
02 Bascplate Temp HIR Sia 57 TLA- - D TA2) SL-24 NIU 240 NIU240 Pxx
03 Klec Temp IR S16 324 TIA- D TA24 Sl.-24 W 240 NIU240 Pxx
04 Patch Temp | IR .Sia 124 T1A- - D TA2S SI..24 LY 240 NIU240 Pxx
(1] FilterHousingCurrHIR . SIG 124 TMA- - D TA26 Sl.-24 ULy 240 NIU240 Pxx
06 Scan Mot Temp HIR Sia )57 LA D TA27 SL-24 v 240 NIU240 Pxx
07 Filter Mot Temp HIR SIG 324 TNLA- D TA28 SL-24 L) 240 NIU240 Pxx
08 NC .-

09 +SVOC TLM IR SIG )24 TLA- - D TA29 SI.-24 U 240 NIU240 Pxx
10 +10 VDC II.M HIR SIG 124 TIA- D TA30 Sl.-24 L) 240 NIU240 Pxx

I +1.5 VDC TLMHIR SIG 124 TLA- - D TA3l Sl.-24 iy 240 NIU240 Pxx
12 -7.5 VHhC TEMINIR SIG 124 TMA- - D TA32 St..4 iy 240  NIU240 Pxx
13 +1SVDC .M HIR SIG 124 MNA- - D TAN S1.-24 1y 240 NIUA0 Pxx
14 -15 VDC TLM HIR SIG )24 TLA- - D TAM SL.- 24 iy 240 NIU240 Pxx
15 NC ES

16 NC -

17 NC

18 NC

19 Chassis Gad HIR -

20 Filter Mot Curr HIR .SIG )24 TLA- D TA3S SL.-24 L[V} 240 NIU240 Pxx
21 Sun Mot Curr HIR sia 124 TLA- D TAl6 St.-24 iy 240 NIU240 Pxx
22 Patch Ctl Pwr HIR SIG 124 TLA- D TA3Y? SL..24 L1) 240 NIU240 Pxx
23 NC -

24 NC -

25 NC .-

26 NC -

27 NC -

28 NC

29 NC

30 NC

n NC

32 NC

33 NC

34 NC -

35 NC -

36 NC .-

37 Signal Gnd P04 HIR GND GND- - apo3 S1.-20 ULy 240 NIU240 Pxx

Table 3.5.4/8 : Pin Al&cation List of Connector PO4
(For Information Only)
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Rd. : MO-IC-MMT-HI-0001

MATRA MARCO Issue  : 2 Rev.: 0
‘ M PACE HIRS/4 Dare  : June, 11" 1998
Page . 3.76
Connector :  2HIRIOSPOS ltem: HIRMS Function:  Digital B TI.M Conn.-Type : DBMA-25P-NMB
EMC-Category : 2 Location : 305 Backshell : TBD
Interface-Code Grouping
Pin  Signal Designation Cire  Sional Pos. {Ch. ID Widne Shé Cable Twist | Comment | End-I.  Loc. Connector Pin | Vew
01 InsttPwr OO TLM IR SIG | 2s TLD- D TDIS Sl.-24 NIU 240 NtU240 Pxx
02 ElecPwr OO0 TILM HIR® SI1G D2 TD- - D D6 SL-24 NIU 240 NtU240 Pxx
03 FitMotPwr OO TI.M HIR SIG | 325 TLD D D17 SL.-24 NIU 240 NIU240 Pxx
04 ScnMotPwr OO0 TLM IR SIG | D28 TLD- D D18 SL-24 NiU 240  NIU2A40Pxx
0S CoolrHir 00 TI.LM HIR SIG | D28 TLD- D rp19 SL-24 NIU 240 NIU240 Pxx
06 Flttloslltr OO TI.M HIR SIG | D28 TLD- D 'D20 SL-24 NiU 240 NIU240 Pxx
07 CoverRelsEnaDisTLMHIR . SIG | D28 TILD- D 21 SL-24 NIU . 240 NIU240 Pxx
08 Windowllir OO TLMHIR  SIG | 358 TiL.D- D rp22 SL-24 NIU | 240  NIU240Pxx
09 GioNadPos OOTLMHIR  SIG | D59  TI.D- - D D23 SlL.-24 NIU 240 NIU240 Pxx
10 CalSeq EnDis TI.M HIR SIG | DS9  TILD- - D rb24 SL-24 NIU | 240 NIU240 Pxx
I CoverClosedYN TLMHIR . SIG | D60  TI.D- - D rp2s SL-24 NIV 240  NIU240 Pxx
12 CoverOpen YN TLMIIR  SIG | D60 TLD- D rD26 SL-24 NIU 240 NIU240 Pxx
1 Chassis Ond t 1IR -
14 FitMotPwrNocHITLMHIR . SIG | D25 TLD- - D 27 SL-24 NiU 240 NIU240 Pxx
15 PatTempCHOO TLMHIR  SIG | 725 TLD- - D rp2s SL-24 NIy 240 NIU240 Pxx
16 NC .
17 NC -
18 NC 2
19 NC *
20 NC
21 NC -
22 NC -
23 NC
24 NC -
25 Signat Gnd POS HIR .GNI GND- iDo4 SL.-20 NIU 240 NIU240 Pxx

Table 3.5.4/9 : Pin Allocation List of Connector PO5
(For Information Only)
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MATRA Issue 12 Rev.:
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Page :3.77
Connector :  2HIR0SP)A ltem: HIR3I0S Function : Digital A Data Conn.-Type : DAMA-15S-NMB
EMC-Category : 2 Location : 305 Backshell : TBD
Interface-Code Grouping

Pin  Signal Designation Cire  Signal Pos. |Ch.ID Wiring Shd Cable Twist Comment ind-I. Loc. Connector Pin  New
01 Mjrtm SycPuld2s IR S1G mnm SYT- )] $T00 Si.-24 LY 240 NIU240 Pxx

02 Cal Pul R SIG 3 SYT- - D 5TO1 SL-24 i 240 NIU240 Pxx

03 Data En HIR S‘S SIG 3 DEN- - D DNOO SL-24 U 240 NIU2.40 Pxx

04 8.32kHiz Clock HIR SIG m CLU- D cuUoo SL-4 U 240 NIU240 Pxx

0s Data Output | 1IR Sia M DOA- D DAOO SL-24 1Y 240 NIU240 Pxx

06 11z Clock HIR Sig i SYR- - D SROO S1.-24 LY 240 NIU240 Pxx

01 NC

08 Chassis Gnd HIR

09 NC -

10 NC -

I NC

12 NC

13 NC

14 NC

IS Signal Gnd P06 HIR .GND GND- oDos SL.-20 1) 240 NIU240 Pxx

| (HIRIICD.doc]
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Ref. : MO-IC-MMT-HI-0001

Issve : 2 Rev.: 0
MATRA MARCONI SPACE HIRS/4 Date  :June. 11% 1998
Page :3.78

3.6. TEST INTERFACES

3.6.1.  Electrical Test Interface Requirements

3.6.1.1. Interface Data Sheets

N/A.

36.1.2. Interface Circuits
N/A

3.6.2.  Electrical Test Interface Connectors
Table 3.6.2- 1 identifies the test connector type at the HIRS/4,
This connector is not for use on the METOP satellite

I Connector | Connector-Type | Function
| w7 | DDMA-SOS-NMB | Test l
| J09 | DAMA-155-NMB Cool ;Test -
| {enr

Table 3.62-1: Measurement Data Connector Types at HIRS/4 Boxes

3.63. Electrical Test Interface Pin Allocation List
N/A.
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Page :3.79
3.7. HARNESS

The harness between METOP units and the HIRS/4 iS under the responsibility of the PLM. based on
the connector & pin lay-out definition and electrical performances from § 3.4 and 35.2.
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3.8. EMC INTERFACE DESCRIPTION

31.1.  Electrical Bonding

38.1.1. General

The HIRS/4 is electrically bonded to the METOP spacecraft structure by means of a METOP supplied .
bonding strap that is bolted to the instrument at |ocation TBDygr- :
3.8.13. Joint Faces

Not applicable for HIRS/4.

3.8.1.3.  Structural Parts
Not applicable for HIRS/4.

3.8.1.4.  Unit Housings

38141  Bonding of Unit Cases
All unit cases within the HIRS/4 are electrically connected via the equipment box feet. METOP
accommodation bonds the HIRS/4 feet to the spacecraft structure.

38.14.2. Bonding of Thermaly isolated Boxes
N/A.

38.14.3. Bonding of Unit Mounted on CFRP of Non-Conductive Parts
N/A.

3.8.1.4.4  DC Resistance bet ween Adjacent Unit Case Parts
NJA

38145  DC Resstance between Bonding Stud and Mounting Feet

N/A.

3.8.15. Thermal Blankets

3.8.15.1. Bonding of Therma Blankets

Therma blanket foil shall carry a conductive layer. Each electrically conductive layer of ML1 shal be
grounded to suucture. Surfaces which are smaller than 100 cm? do not need to be grounded to structure.

The number of bonding points per sheet of MLI material shall be at least two points, &t diagonal
comers.

[HIR3ICD.dox)
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Page : 381

3.8.1.5.2. Thermal Blanket Surface Resistance

The DC resistance between the MLI bonding point and any point belonging the metallized face of any
foil shall be less than 50 2. T3 £(I/I¢ s /

3.8.1.6. Other Conductive Components
N/A to HIRS/4,

3.8.1.7. Cable and Harness Shields
N/A to HIRS/4.

3.8.1.8. Connectors
Bonding Resistance of Connector Receptacle

The connector receptacle shall be bonded to the equipment case with a DC resistance of € 10 mQ.
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3.82.  Grounding and Isolation
The grounding system of the instrument shall use separate grounds (See Figure 3.8.2-1) as follows :
. + 28 V Main Power Ground
- + 28 V Switched TLM Bus
+ + 28 V Puise Load Bus
- + 10 V Interface Ground
- Signal Ground

Each ground shall be electrically isolated from all other grounds within the instrument and from chassis
by 100 k2 or greater DC resistance.

Between the signal ground and the +28 V méinpowergrmmd.ﬂxcisolationis 1 MQ.

3.83.1. +28V Main Power Ground

The + 28 V main power return is grounded within the PCU to structure.

3.8.2.2. + 28V Switched Telemetry Ground
The + 28 V switched telemetry return is grounded within the PCU to structure.

3.8.2.3. +28V Pulse Load Ground

The + 28 V pulse load return is grounded within the PCU to structure.

3.824. +10V Interface Ground

The+ 10 V interface return is grounded within the NIU to structure.

3.825. Sgna Ground

Signal ground is the power return line for the secondary Side of the instrument DC/DC converters. The
sgna ground is provided on a pin of an instrument connector.
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Figure 3.62-1 : Grounding and Iselation Concept for HIRS/4
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MATRA MARCONI SPACE HIRS/4

3.8.3.  shielding
3.8.3.1.  Wire Shielding

3.8.3:1.1.  Bonding of Shields
N/A. -

3.8.3.1.2. Overall Shield
N/A.

3.8.3.1.3.  Shields as Current-Carrying Conductors

Shields shall not be used as intentional current-carrying conductors and not as return lines for power
and signal with exception of the RF coaxial lines.

3.83.2.  Case Shielding
N/A to HIRS/4.
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3.8.4. HIRS/4 Frequency Characteristics

The internal frequencies are :

Source Frequency User
Sync. 1Hz

Voltage Converter 78 kHz
Svnc. 1.248 MHz

The channel characteristics are given in § 1.22

3.8.5. Magnetic Moment

'IhemaximummagneﬁcmommofthcinstrumentslmllnmexceedSOOmAm’(’l’BC))'Is'l‘)emagmtic
moment correspond to a magnetic field of 100 nT at 1 m distance (1 Gauss equals to 1 0% T).

List of Magnetic Material

Magnetic materials used in the instrument are listed in Table 3.85.-1

" Material standard | Magnetic Characteristic Remark
name of material AISI etc. soft / hard
TBDys TBDypps TBDygs

Table 3.8.5.-1 : Magnetic Materials Used in the Instrument

3.8.6. EMC Performance Requirements
The EMC performances for the HIRS/4 are dealt within § 4.3.
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3.9. RF INTERFACE DESCRIPTION

Not applicable for HIRS/4.
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4. INSTRUMENT VERIFICATION DESCRIPTION
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4.1. MECHANICAL / STRUCTURAL VERIFICATION

. 4.1.1. Structural Analysis

4.1.1.1. Quasi-Static.Loads
Requirement for analysis will be determined by outcome of accommodation analytic results.
The METOP requirements are dealt with in § 2.28. '

41.12. Structura /Dynamic Analyses
Requirement for analysis will be determined by outcome of accommodation analytic results.

41.13. Instrument Shock Environment

The HIRS/4 will be subject to the following shock environment, in bath launch and in-orbit
configuration :

METOP Shock Levels Notes
(g peak, Sce notes)
100 Hz 37g The acceleration shall be derived from the curve
900 Hz 350 g (Q > 10) obtained by linear connection on a |ogarithmic
310g (Q = 10) chart of the provided points
2000 Hz 3509 (Q> 10) 'Iheslnckspectmminud\fﬁrecﬁonofthem.ree
310g (Q = 10) orthogonal axes shall be equivalent to a half sine
pulse of 05 ms duration and 200-g (zero to peak)
‘000Hz 300 amplitude,

413. S -Tests

4.1.2.1. Structural Mathematical Model Validation

Delivered structural mathematical models, as required in § 2.2.8.5., shall be verified by test and
validated.
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MATRA MARCONI SPACE HIRS/4

4.131. Vibration Test : High Level Sine Sweep

The HIRS/4 will be subject to the sine vibration satellite level testing. Preliminary predictions of the
worst case imposed environment are as follows :

METOP High Level Sine Sweep Levels
(TBCyzrx *)

All three axes
6t020Hz 93 mm
201060Hz x15¢
6010 100Hz 68
Sweep rate : 2 Oct/min.

All three axes
6t0o 20 Hz +7.5 mm
20t060Hz x12¢g
60to 100Hz 248¢g
Sweep rate : 4 Oct/min.
* : To be confirmed / updated after structural model testing.

> CcO

oOo0O>

Notching : TBDwug-

Note : for instruments with natural frequencies below 100 Hz, notching shall be defined to maintain the
instrument interface loads within those predicted whea the quasi-static design load is applied to the
instrument, consistent with the launcher requirements.

Test instrumentation for sine vibration at system level : TBDgr

4.1.2.3. Vibration Test : Sine Burst

METOP has no sine burst test requirement.

4.1.2.4. Vibration Test : Random Levels

The HIRS/4 will be subject to an acoustic environment during satellite tests which will result in an
equivalent random input at the instrument interface. Preliminary prediction of this input is as follows :
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METOP Random Vibration Levels
(TBCumer *)

= a0

All Three Axes

Frequency
Range (Hz)

Power Spectral
Density gzIHz '

Slope (dB/Oct.)

2010 100 .

+3

100 t0 400

0.107

400 to 2000

-3 out-of-plane
<4 in-plane

9.5 g rms lateral

Overall level : 10.3 g rms normal,

Duration 2 min per axis

0

All Three Axes

Frequency
Range (Hz)

Power Spectral
Density g*/Hz

Slope (dB/Oct.)

2010 100

+3

100 to 400

0.069

400 10 2000

-3 out-of-piane
-4 in-plane

Overall level : 8.3 g rms normal, 7.6 g rms lateral
Duration 1 min per axis

* :To be.confirmed / updated after structural mode testing.

4.1.2.5. Acoustic Test

The HIRS/4 will be subject to an acoudtic test at satellite level. as follows:

Octave Band Centre Qualification Level Accepuance |evel Test Tolerance

Frequency (Hz) (dB) (Flight Limit) (dB)

31.5 132 128 2. 4+4

63 134 130 -1, +3

125 139 135 -1, 43

250 143 139 -1.+3

500 138 134 -1, +3

1000 132 128 -1, 43

2000 128 124 -1 +3

4000 124 120 4, +4

8000 120 116 4, +4

Overdl leve 146 142 -1,43

Test Duration | 2 minutes 1 minute

The equivaent random environment is illustrated in § 4.1.2.4.
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4.2. THERMAL VERIFICATION : THERMAL TESTS

43.1. Thermal Balance Test

AmamﬂBalameTest(rB)slmnvaﬁdawﬂrmsuumemﬂumalcmmandaccomnwdaﬁmm
METOP, andmeHIRSMthermalmaﬂmncalmodelusedfamempamepredmons for all flight
cass(cmdanmofﬂnsmsuunmawdﬂmmutMEPOPﬂummmmMMmmmacy
benathan:t'sdeg.Cmmsuumemuanmunandsteady—smecass);nnswmbepgfamddmngﬂt
METOP system TB test. The evaluation of test results at instrument level is Instrument Supplier

responsibility.

433. Thermal Vacuum Tests

The thermal cycle vacuum tests at instrument level evaluate and demonstrate the functional performance
of each unit under the extreme and nominal modes of operation while in vacuum and at temperatures

\

more extreme than predicted for the orhit conditions.
107€

thermal vacuum test includes TBDyrs cycles and the extreme temperature
levels are TBDyrs deg. C (min.) / TBDgps deg. C (Max).
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4.3. EMC VERIFICATION

43.1. EMC Performance Requirements

43.1.1. Conducted Emission
The conducted emission on each individual power line shall not exceed the limits as given below.

4.3.1.1.1. HIRS/4 Design Requirements
Conducted Emissions on the +28 Volt Main Bus and +28 Volt Switched Telemetry Bus
Load Current Ripple

The peak to peak amplitude of the steady state load current ripple shall not exceed 15 mA. The
fundamental frequency of load current ripple shall not exceed 1 MHz.

Inrush Current Rate (Load Current Rate)
The rate of change of load current shall not exceed 20 mA/ps.
Inrush Current (Transient Load Current)

Requirement per individua bus.

Exclusive of instrument turn-on, transient load currents drawn by the instrument shall not exceed 150 %
of the maximum average steady state current drawn from the respective +28 V Main bus. Steady State
operation shall be artained by.within 30 ms from the start of the transient. A transient is defined as an
event having a duration of less than 50 ms, non-repetitive. Steady State is defined as an event having a
duration of greaterthan 50 ms, non repetitive.

Requirement for combined 28 V busses.
At turn-on, the combined current drawn from all +28 Volt busses shall not exceed 3 Amperes peak
Steady dtate operation shal be attained within 1 second form the start of the turn-on trangent.

Conducted Emissions on the +28 Volt Pulse Load Bus
Load Current Ripple

The peak to peak amplitude of steady state load current ripple shall not exceed 100 mA. This current
ripple excludes repetitive current pulses created by stepper motor or heater switching loads. The
fundamental frequency of the load current ripple shall not exceed 1 MHz.

Inrush Current Rate (Load Current Rate)
The rate of change of load current shall not exceed 30 mA/ps.
Inrush Current (Maximum Current Pulse Load)

The maximum current pulse load shall not exceed 1 Ampere and shal have a maximum duration of 1
second.
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Conducted Emissions on the +10 Volt Interface Bus
Load Current Ripple g,,,A
The peak to peak amplitude of the steady state load current ripple shall not exceed 5% of-the-maximum
gyerage steady-state-eurrent Urawn by he-umit-from-the»10.\ bus. The fundamental frequency of |oad

current ripple shall not exceed 25 MHz.

Inrush Current Rate (Load Current Rate)

The rate of change of load current shall not exceed 20 mA/ps.
Inrush Current (Transient Load Current)

Transient load currents drawn by the instrument shall not exceed 125 % of the maximum average steady
dtate current drawn from the +10 V bus. Steady State operation shal be attained by within 50 ms from
the start of the transient '

Test methods CEO1 and CEO3 are used in accordance with § 4.3.3. An oscilloscope with a current
probe (D.C. to 30 MHz minimum bandwidth) may be used in lieu of the EMI meter specified by the test

method. . #j
. p/'/é'”w"ﬂ
4.3.1.1.2. METOP Requirements comtetor w03 JsCoppa L5

For instrument characterisation only. METOP sssumes—compatibitity-<of the instrument with these
requirements.

For the 28V Main Bus, Switched TLM Bus and Pulse Load Bus, the fundamental frequency of |oad
current ripple shall not exceed 100 kHz.

The limits for the load current ripple are :

a)+28 V Main Power Bus: < 2% of the maximum average steady state current drawn by
the unit from the +28 V Main bus

b)+ 28 V Switched TLM Bus: <1mA,

¢) +28 V Pulse Load bus : < 600 mA,,

d)+10V Interface Bus:: <3mA,

Conducted emission in the frequency range 30 Hz to 9 MHz. which may appear on +28 VV Main Bus

positive and return leads in differentid and common mode, shall be within the maximum specified levels

of the Figure 4.3.1.1-1.

Note: The maximum frequency of 50 MHz has been reduced to the highest frequency (+ 9 harmonics)
used by the instrument

The Common Mode CE requirement is a specific METOP quirement.
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Fig. 4.3.1.1-1 : Conducted Emission L&nit, NB, DM, CM, 28V Reg. Power Leads, PLM Instrument
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43.13. Conducted Susceptibility
Frequency Domain

The instrument shall operate without degraded performance in the presence of Sinusoidal noise coupled
into the power lines between the frequency range 30 Hz and 150 kHz :

+28 V Main Bus / 28 V Switched TLM Bus injected Voltage  300mVpp
+28 V Pulse Load bus injected Voltage.  400mVpp
+10 V Interface Bus injected Voltage 100 mVpp

The test shall be conducted according methods CS01 and CS02 of AD4. The test method CS01 applies
for the frequency range of 30 Hz to 50 kHz and test method CS02 applies to the frequency range of 50
kHz to 150 kHz. The scope of test shall be in accordance to § 4.3.3.

Time Domain

The instrument shall operate without degraded performance when subjected to a series of transient
pulses, 10 psec in width and PRF of 10 Hz applied to the power lines for 10 min. :

- +28 V Main Bus / 28 V Switched TLM Bus Spikelevel +10V/-12V
+28 V Pulse Load bus spike level +8V/-13V
+10 V Interface Bus spike level +1V/-1V

The test shall be concucted according methods CS06 of AD4. The scope of test shall be in accordance
to§ 4.3.3.

Special METOP  Requirement

For instrument characterisation only. METOP assumes compatibility of the instrument with these

Puirements.

In addition to above requirements, the HIRS/4 will experience a common mode sinusoidal noise 300
mVpp in the frequency range 100 kHz and 50 MHz. The noise will be injected between :

the +28 VV main bus return line and unit housing, according to Figure 4.3.1.2-1

and  the+10 V interface bus return line and unit housing. according to Figure 4.3.1.2-2
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43.13. Radiated Emission

43131  Mil-std-REO2 Requirements

Broad-band and Narrow-band radiated emission measurements shall be made over the frequency range
of 14 kHz to 2 GHz in"accordance with Mil-Std 461/462 REQ2 requirements. For the discrete ADCS
and SARP-3 sensitive bands listed below, broad-band noise and disctete signals shall not exceed -60
dBm when tested in accordance With the methods of § 4.3.i.3.2 below.

59.458 MHz + 0.5 kHz 60.100 MHz = 0.5 kHz

141.360 MHz = 0.5 kHz 142.900 MHz = 0.5 kHz
282.733 MHz £ 0.5 kHz 285.813 MHz = 0.5 kHz
371.921 MHz £ 0.5 kHz 375.972 MHz = 0.5 kHz
624.925 MHz + 0.5 kHz 631.730 MHz £ 0.5 kHz
743.841 MHz £ 0.5 kHz 751.944 MHz = 0.5 kHz

43.132. SARR, SARP-3 and ADCS Receiver Channel Guard Limits

Emission measurements shall be made in accordance with Mil-Std-461/462 RE02 with the EMI meter
replaced by a MITEQ preamp (AU-2A-0550 or equivalent) and a spectrum anatyzer (HP 8566a or
equivdent). The instrument under test and the associated clock and control signals shall have power
applied and the difference in the anayzer levels shal be noted for both white noise and spurious signals.

The test antenna shali be tuned to the centre of each of the four bands below. Prior to making the actual
measurements, the test antenna shall be demated and the cable terminated in 50 ohms.. The noise floor of
the equipment shall be verified to be below the specified maximum level for each measurement level. A
guideline for establishing the resolution bandwidth is 100 Hz for both the -150 and -145 dBm levels, 1
kHz for the -125 dBm levels and 3 kHz for the -100 dBm levels. The specified maximum radiation
limits for al discrete signals and noise power are listed below.
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Frequency range Radiation Limit E-field Limit Notes
(MHz) (dBm) (dB uV/m)
For Reference Only

. 118.00 - 120.000 -100 18.9 121.5 MHz
120.000 - 121.450 -125 6 121.5 MHz
121.450 - 121.485 -145 26 121.5 MHz
121.485 - 121.515 -150 -31 ) 121.5 MHz
121.515 - 121.550 -145 -26 121.5 MHz
121.550 - 123.000 -125 5.9 121.5 MHz
123.000 - 125.000 -100 19.2 121.5 MHz
236.000 - 240.000 -100 24.9 243.0 MHz
240.000 - 242.925 -125 0 243.0 MHz
242.925 - 242.975 -145 -20 243.0 MHz
242.975 - 243.025 -150 25 243.0 MHz
243.025 - 243.075 -145 20 243.0 MHz
243.075 - 246.000 -125 0.1 243.0 MHz
246.000 - 250.000 -100 25.3 243.0 MHz
396.100 - 401.100 -100 29.4 406.05 MHz
401.100 - 405.900 -125 45 406.05 MHz
405.900 - 406.000 -145 -15.5 406.05 MHz
406.000 - 406.100 -150 -20.5 406.05 MHz
406.100 - 406.200 -145 -15.5 406.05 MHz
406.200 - 411.000 -125 4.6 406.05 MHz
411.000 - 416.000 -100 29.9 406.05 MHz
396.000 - 401.500 -125 44 401.65 MHz
401.500 - 401.600 -145 -15.6 401.65 MHz
401.600 - 401.700 -150 -20.6 401.65 MHz
401.700 - 401.800 -145 -15.6 401.65 MHz
401.800 - 406.000 -125 45 401,65 MHz
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43.1.3.3. METOP Requirements
For instrument characterisation only. METOP assumes compatibility of the instrument with this
requirement.
The radiated emissions in the frequency range 14 kHz to 2 GHz shall not exceed the limit given in Table
4.3.1.3-1.

Frequency Range E-Field Limits Remark
(dBuV/m) TBCyer _
10kHz ... 2 GHz +50 Covered by Mil-Std 461/462 REO2 *
2GHz ... 40 GHz +70

* . The requirements of Mil-Std 461/462 REO2 are more stringent than tbe METOP RE limits
Table 4.3.1.3-1 : RE-E- Field Limit (NB, AC, Electrical Fields)

Radiated emissions in the METQP payload and system receiver chamnel guard bands shall not exceed
the limits defined here below :

Frequency Range (MHz) Radiation Limit E-Field Level ~ Remark
(dBm) (dBuV/m) TBCrgr
1217 - 1257 N/A +21 GRAS
1565 - 1614 N/A +23
205 1.9 - 2055.0 N/A +9 SBS
5254.7 - 5255.3 N/A +24 ASCAT
| Applies during
400 - 500 N/A + 20 “launch only to
5450 - 5825 N/ A +61 active circuits of
HIRSH

Table 4.3.1.3-2 : Radiated Emission Notches for HIRS/4
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43.14. Radiated Susceptibility

The instrument will experience a radiated electric field of 1 Vrms/m for frequencies between 14 kHz and
1 GHz, and 2 Vrms/m for frequency between 1 GHz and 18 GHz. The test shall be done with at least 7
discrete frequencies/ decade. The radiated E-Field shall be amplitude modulated by a sine wave at 1
kHz with a modulation depth of 50 %.

The test method is defined in § 4.3.3.

In addition, the instrument will be exposed to the following levels :

Frequency Level TBCyer Modulation Source Unit
5.25 GHz 40 Vrms/m Pulse width = 8.22 ms, ASCAT
chirp rate = -50 kHz/ms,
PRF = 4.94
Pulse width = 10.32 ms,
chirp rate = £24 kHz/ms,
PRF=494 Hz
7.8 GHz 8 Vrms/m Pulsed 35 MHz PRF, XBS
duty cycle 50%
. 1.7013 GHz 20 Vrms/m Pulsed 2.25 MHz PRF, HRPT
duty cvcle 50%
468 MHz 14 Vrms/m Pulsed 1 kHz PRF, A-DCS
duty cycle 50%
137.1 MHz 28 Vrms/m Pulsed 38.25 kHz PRF. LRPT
duty cycle 50% '
1.5445 GHz 7 Vrms/m FM, 400 kHz peak SARR
deviation modulation index M=1
2.230 GHz 10 Vrms/m Pulsed 4 kHz PRF, S-Band
duty cycle 50% Downlink
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43.2. EMC Analysis

The EMC of the HIRS/4 shall be characterised by test and test discrepancies will be described by the
Instrument Supplier. METOP will further assess the impacts on METOP performance.

Magnetic Moments
The magnetic moments shall be determined by analysis or test.

433. EMC Teds

EMC tests shall be performed in accordance with MlL-STD-462f(.

Compliance with EMC requirements shall be demonstrated on all models delivered to METOP.

The Radiated Emission tests are applicable on al models delivered to METOP.

The Conducted Emission tests are applicable only on the first instrument model delivered to METOP.
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4.4. ELECTRICAL FUNCTIONAL VERIFICATION

In general, the test which are described here below are performed t0 ascertain the instrument functiona
performances and culminate with the instrument calibration,

As regards the tests performed after delivery, they are described in § 5 and mainly deal with instrument
hedth checks performed both a ambient and in therma vacuum environment.

4.4.1. Electrica Interface Tests

In general, throughout the instrument build-out, every interface is thoroughly checked to ensure the
compatibility, the adequacy of the electrical interfaces, in propagation from the sensor output / input up
to the instrument electronics outputs to the spacecraft on-board equipment, for the basic circuitry and
signals : power, MEaSUrement data, housekeeping data, commands, clocks, sampling signals...

From a system point of view, the essential step is the measurement of the spacecraft interface signals
and characteristics. The operational mode of the spacecraft system shall be simulated to ascertain
interface adequacy : special attention is to be paid for the command and acquisition timing and circuit
loading should be representative of the on-board characteristics.

4.4.2.  Functional Test

It is the sole responsibility Of the Instrument Supplier to define and verify the proper functions of the
instrument prior to delivery to METOP. This type of tests are tailored to the specific instrument
function verification and they serve as instrument health checks that are performed routinely throughout
the instrument development programme.

Asubsctofﬂmewstsmnconsumtelaterthccoreofmesystcmtmnngwtmmenmmxs
integrated on-board the PLM.

4.43. Performance Test

It is dso the sole responsibility of the Instrument Supplier to define and verify the ultimate mission
performances of the instrument prior to delivery to METOP. This type of tests are tailored to the
specific instrument performances and they are achieved ultimately with the instrument calibration which
requres a rather sophisticated and controlled test set-up.

A subset of these tests may later condtitute the system performance test with a reduced on-ground set-
up. A go/ no-go approach is preferred at system level (PLM and Saellite), due to the complexity of the
test set-up and the AIT schedule limitations.

Calibration

It is the sole responsibility of the Instrument Supplier to caibrate the instrument prior to delivery to
METOP. Recalibration, if deemed necessary, will aso be under the responsbility of the Instrument
Supplier. The cdibration data shal be made available on-request for the preparation of the system
integrated indrument performance test.
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Vibration Test : Sine Burst

HIRS/4

Vibration Test : High Level Sine Sweep
The instrument has not been subject to a High Level Sine Sweep test.

Ref. MO-IC-MMT-HI-0001
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APPENDIX : INSTRUMENT ACHIEVED QUALIFICATION STATUS

The instrument has been subject to the following Sine Burst environment :

e

Sine Burgt Test Leves

—r>CR

All three axes
Test level : 1944 g
Frequency : 30 Hz

Duration : 0.5 second

0oo»

All three axes
Test level : 15.64 g
Frequency : 30 Hz

Duration : 0.5 second

Vibration Test : Random Levels

The instrument has been subject to the following random environment :

[

Random Vibration Test Levels

QUAL.

ACC.

All Three Axes
Frequency Range Power Spectral Density
(Hz) g'/Hz
20 to 2000 0.023

Overall level : 6.8 g rms
Duration 1 min per axis
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5. INSTRUMENT GSE AND AIV INTERFACES
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5.1. INSTRUMENT GSE DESCRIPTION

5.1.1. Bench Test Equipment

ThelnstrumemSuppherwmprovxdeantmteqmpmemreqmredfa'bmchtstofmemksm This
eqmpmemshallmcludedevncwtopowerandoommandmcHIRSM ]

Figure 5.1.1-1 provides an overview of the bench test set-up.

% Instrument
Interfaces

Note : the Temperature Control Unit of the TBCU is not used during bench testing.

Bench

R ' Cooler
=== Data Analysis PC

] |
! § Transportable Bench T | Standard B
| 3 Check Unit (TBCU) | | . Laboratory || &
E . E i Light Source i T
' -1 !
E v Temperature E - 3
| — Control Unit f x
: TBCU : =
il computer i FEE
E o
1
]
[}
}
H

1R

Figure 5.1.1-1 : Bench Test Set-Up

The HIRS/4 GSE conggts of the following items
3) A Transportable Bench Check Unit (TBCU)
b) Lifting fixture (AD13)

¢) Bench cooler (AD12)

e TBCU contains the power supplies for the instrument and all interfaces to the HIRS/4. A dedicated |
network card Will be installed for communications with a workstation |ocated in US (see § 5.2.4.6.).

For bench testing at ambient a bench cooler will be mounted to the instrument. The relevant mounting
interface iS the instrument radiant cooler vacuum housing. This device brings the HIRS/4 radiant cooler

temperature down to approximately 95 K. There will be a stand aone controller on the bench cooler
that will not interface to tbe TBCU.
A standard laboratory light source will be available for testing the HIRS/4 under ambient pressure

conditions, with the bench cooler attached to the instrument (visible channel only, TBCyg). The source
consists Of a Standard |aboratory integrating sphere and is provided by METOP.
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The HIRS/4 instruments are equipped with internal targets, the internal warm target (TWT) and internal
cold target (ICT), for the IR channels. The temperatures of these targets are available through the
normal instrument data stream. The internal targets will be sufficient t0 meet the radiometric test
objectives on PLM and higher level for the IR channels. However, for proper instrument operation the
benchcoolerwﬂlbereqmredwcoolmedeteamsmmepropaopmungtempaam

Thefollowmg pieces ofstandardeqmpmem willbesupphedbyME‘l‘OPforusedunng bench tests of -
the HIRS/4 instruments : '

1. Oscilloscope
2. Digital Voltmeter

3. Standard laboratory integrating Sphere (TBDgw).
This item could be identica to the one for AYHRR/3.

4. Generd mechanica tool set and support

5.12.  GSEfor Integration with PLM OCOE

5.1.2.1. Ambient Testing

Under ambient conditions, the same set-up is used as for bench testing except that the instrument is
operated via the PLM EGSE. For further details see § 5.2. Figure 5.1.1-1 shows the configuration for’
instrument level testing (bench test) and Figure 5.2.1.1-1 for PLM level testing. Sufficient clearance,
accessihility of the instrument coolers with the bench cooler needs are TBCygr.

5.133. Thermal Vacuum Testing
For therma vacuum testing, the following target will be used-{(provided by the Instrument Supplier) :

« Radiant cooler target (TBCygr)

In thermal vacuum tests, a vacuum chamber shroud panel cooled with LN2 (80 K) will be used as the
radiant cooler target. This target will provide the proper thermal inputs for the operation of the radiant
cooler. The distance and Size of the shroud panel with respect to the instrument patch shall be such that
the patch can be adequately cooled (approximately 115 K, see RD9). This temperature is required to
obtain useful datato check IR detector aliveness.

No other external target is baselined for use during TV testing. Back-up consists in Instrument Supplia
provided radiant cooler target (RD10), to be mounted in front of the instrument radiant cooler.

Only the Instrument Supplier provided targets are controlled by the TBCU.

The TBCU will carry out the instrument digital A data processing. The interface between the HIRS/4
TBCU and the METOP N-DAPB shdll be viaaLAN as defined in § 5.2 below.
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5.1.3.  Mechanical Ground Support Equipment

The Instrument Supplier shall provide a handling fixture which can be used for safely lifting and
transporting the HIRS/4. The handling fixture shall be capable of mounting’ the instrument when the
spacecraft is either in vertical or horizontal position. Provisions shall be made to lift with a crane.
(Drawing AD13). ‘ :
Need for drill template is TBDwer.

Containers shall be supplied for shipping and storage for each of HIRS/4 deliverable instruments, t0
provide for all storage of instruments at the METOP integration and test sites. The instrument storage
containers will be sealed and back-filled with dry N; to one atmosphere.

Scan cavity and radiative cooler protective covers and connector dust caps shall be delivered with each
instrument. Installation and removal procedure shall be in accordance with TBDg.

5.1.4.  Self-Contained Special Test Equipment

The bench cooler is a stand-alone system : once started, it will automatically maintain the instrument
detectors at the proper temperature. The bench cooler has no external electrical imerfaces with the
METOP OCOE.
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5.2. INSTRUMENT GSE INTERFACES

5§.2.1. Interfaces with PLM OCOE

52.1.1. General

The configuration of HIRS/4 test equipment within the overall check-out equipment far the METOP
payload module is shown in Figure 5.2.1.1-] for the ambient test configuration and in Figure 5.2.1.1-2
for TV testing. In all cases, the only interface between the OCOE and the instrument iest equipment will
be a LAN connection between the NOAA instrument DAPB (N-DAPB) and the instrument data
processing equipment. Details can be found in RD11.

‘-B Data Analysis PC o Bench
— Cooler| TBCyeT

rz ; | PLM |
! § Transportable Bench ! r o} |
| 1 H 1
E s Check Jnit (TBCU) : : Standard ii o i
| 3 | Laboratory | X :
i T ¢ ! I Light Source 5{ T :
: emperature || i 1 . | power |
! | Control Unit]|; L i PCU|:
! TBCU 'I - J 9 :
1| Computer ! ; o e :
' : ! T -3 Power :
E Instrument :' i ’ ig PDU !
E Interfaces| E ) E
e : J ! FMU NIU :
! [}

' PMC fa-tpt aus |

Core | N-DAPB E l_. :

Note : The Temperature Control Unit and the Instrument Interfaces unit of the TBCU are not used
during PLM testing at ambient.

Figure 5.2.1.1-1 : HIRS/4 Test Set-up in PLM Configuration (Ambient)
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| Temperature ' rover :
Control Trni | aeams et PCU i
! ]

Computer ion 1 LTl —4 E
! COE] 8| Power :

i ‘!E | | Instrument EIS I ,PDU%
E — Interfaces || g | L
i | 3 |FMU NIU |
NPT P O B ;

! ]

3 1 :

]

. 1 :

Core npAPB | | [ EMC o i

EGSE heg PR bug ; power._ E

* oﬁly as a back-up
INote : The instrument Interfaces unit of the TBCU is not used during TV testing.

Figure 5.2.1.1-2 : HIRS/4 Test Set-up in PLM TV Configuration

Test Set-up in TB iS TBDpgr.

53.13.  Stimulus/Feedback Equipment Interface

5.2.1.2.1.  Physical /Electrical Interface

For ambient testing : Not applicable.

The bench cooler is a stand alone system, once started, Will automatically maintain the instrument
detectors at the proper temperature. The bench cooler has N0 external electrical interfaces. with the
exception of the power source.

The standard light source is also a stand-alone equipment.

For TV testing : Not applicable.
If used. the cooler target will be directly acquired by the TBCU.

5.2.1.2.2. Protocol Interface
Not applicable.
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52123, Stmulus/Feedback Data Handling Regquirements

The target temperature data (if the Cooler Target is used) will be acquired and processed in the TBCU.
The data shall be formatted into standard CCSDS source packets and transferred to the N-DAPB for
archiving purpose. No processing of the target temperawre data in the N-DAPB is required.

52.13. Interface with |nstrument provided Data Processing Equipment

5.2.1.3.1. Physical / Electrical Interface
The HIRS/4 measurement data shall be made available to the TBCU via a 100/10 Base-T Ethernet
LAN interface.

5.2.1.3.2. ProtwcolInterface .
The data sent to the TBCU is the complete source packet as generated by the NIU.

For support of the measurement data processing, HIRS/4 related housekeeping data, like digital “B” and
analog data, as well as a copy of instrument related commands sent to the NIU, can be made available.
For-all communication between the instrument data processing equipment and tbe METOP provided N-
DAPB, standard CCSDS source packets shall be used as unique protocol data units.

Further details on the protocol are defined in AD10 and ADS.

5.2.1.4. Measurement Data Evaluation

5.2.14.1. Indrument Measurement Data Format Definition

The instrument measurement data format is defined in § 3.3. The data is acquired by the NIU in a cyclic
manner according to the timing specified in § 3.3. As a consequence, each HIRS/4 source packet at the
output of the NIU will contain the same data in the same sequence.
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The overal source packet layout iS defined in Figure 5.2.1.4- 1 below. The instrument measurement (ata
format as defined in § 3.3 presents the user data space.

PACKET PRIMARY HEADER PACKET DATA FIELD
(6 Octets)
Source Data
Packet Identification Packet Packet | Secon-| User Data Packet
Sequence Length | dary - En-or
Control Header Control
(2 octets) (2octets) | (2 octets) | (6 oct.) (2304 oct) (2 octets)
Version | Type| Sec. | APID| Seq. | Packet Time
Numbef Indic. [Header Flag | Seq.. Stamp
Flag Count ‘
3hits | 1hit [ thit |11 bits| 2 bits | 14 bits See § 33.3.
16 bits 16 bits 16 bits | 48 bits 16 bits
Figure 5.2.4.1-1 : HIRS/4 Source Packet Lay-Out
Primary Header Field
Packet Identification
The Packet 1D Field will follow the following format :
Bit Position Subfield Name Set to Code
0..2 Version Number ‘Version 1’ 000
3 _Type Indicator “T™ 0
4 Packet Secondary Header Flag - 1
5..15 Application Process Identifier ‘HIRS/4' 38
(APID)
Packet Sequence Control
“The Packet Sequence Control Field will follow the following format :
Bit Position Subfield name Setto Code
0..1 Sequence Flag ‘Unsegmented’ 1
2.15 Packet Sequence count Incremented for Sequential binary
each packet continuous count

1Packet Sequence Count is a method of counting the number of packets generated by the application.
“This significant parameter is a sequential count of the Packet Sequence Control Fields. This field will
start with a value of zero and increment to 3FFF (HEX, or 16384). At this point it will roll-over and
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continue again from zero. The count will re-start from zero after power-on. No reset of the count is
dlowed before reaching 16383.

Packet Length

This field contains a binary number which permits to identify the length of the User Data and Packet
Emor Control fields. Its value is defined as follows : number of octets-of the Packet Data field - .1.

Padcet Data Field
The Source Data field is split in three parts.

The first part is the Secondary Header which is used for time code information. For HIRS/4, the time
stamp contains the NIU on-board time latched at the falling edge of the NIU internal 6.4 second
synchronization pulse. ‘ '

The second part is the area that contains the user data, as described in § 3.3.3.

The third part is the Packet Error-Control (PEC) field that consists of a Cyclic Redundancy Checksum
(CRC), computed over all the octets composing the packets, except the PEC. The generator of the
polynomial is: G(x) = x* + x? + x* + 1.

5.2.1.4.2. Reference Data Presentation

For each of the relevant test configurations, i.e. with the light source / bench cooler for functional tests
at ambient pressure, there will be a reference data set available obtained from the instrument level
check-out. Representativity of ambient conditions reference data set far IR channels iS TBDygg.

For thermal vacuum test, the reference data shall be generated emulating at instrument level the
conditions a PLM level.

The instrument GSE software shall be capable of delivering the reference data, obtained during tests at
instrument level, on a computer readable medium, in a format that can be imported in the Core EGSE
local data base.

52.14.3. Daa Comparison Requirements

Actual measurement data from the instrument. including radiometric data, shall be checked against
reference data sets, inside the TBCU, according the requirements of NASA (TBD). The software for
making the comparison will be part of the data processing software that will be delivered with the
TBCU.

52144. Data Processing Algorithms

- All required data processing agorithms shal be incorporated into the software supplied with the
instrument TBCU.
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5.2.2. Interfaces with the PLM On-Board Equipment

5.2.2.1.  Test Harness and Connectors

Not applicable

5.233.  Special Test Adapters (T-Junctions, Break-Out Boxes)

HIRS/4 to PLM avionics interfaces are all via-standard sUb-D type connectors, therefore no special
adapter is needed from the instrument. Connector types are defined in § 3.4.4 and 3.5.4. Connector
locations on the ingrument are illusuated in interface drawing from § 2.1.4.

The HIRS/4 instrument iS supplied with connector savers.

5233. Stimuli Source Configuration /Arrangement Requirement.

The bench cooler shall mate to the instrument radiant cooler. The arrangement of the bench cooler to the
instrument radiant cooler is TBDgm.

During bench tests and PLM ambient tests. the METOP supplied light source shalt be placed in front of
the scan cavity. The exact arrangement iS TBDygp.

§.23. Interfaces with other PLM GSE

N/A

5.2.4. Interfaces with AIT and Launch Site Facilities

524.1. Mains Power

Instrument test equipment will be operated from mains power via a METOP-provided isolation
ransformer with the following output characteristics:

- Voltage : 230V AC (= 10%). 10 A max.. single phase
- Frequency : 50Hz*1Hz

- Power plug standards used within the METOP project for 230 V is DIN 49441/CEE7, power sockets
DIN 499440/CEE7

The actua estimated steady state power consumption of the instrament is as follows (@ 230 V):
- TBCU : 49 A TBCur
- Bench cooler : 80A

For the HIRS/4 GSE, two single-phase isolation transformers are required one for the bench cook and
one for the rest of the GSE.
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53.43. Cooling / Therma Dissipation Requirements
The HIRS/4 GSE has no requirement for additional cooling provisons beyond nawmral convection.

5.2.4.3.  Purging Gas Requirements

After ambient testing with the bench cooler connected and in operation, when the instrument has been
brought back to room temperature, 6 litres of dry GN; is required to back-fill the radiant cooler vacuum
housing in order to avoid condensation on-the detectors.

52.4.4. GN,/LN; Supply

For back-filling of transport and storage containers GN, per Fed. Spec. BB-N-441b Typel, Class 1,
Grade A or equivalent shal be used.

For bench cooler purge valves, GN2 per Fed standard, or equivalent, shall be used.

The LN; (80 K) consumption during bench cooler operation is approximately 10 litres/hour.
During therma vacuum target operation, LN, consumption is :

¢ Radiator target . 10 litres/our (back-up)

52.45. Test Chamber Wall Feed-Through Panels

The TV-chamber feed-through panels shall provide 2 LN, (80 K) ducts for the radiant cooler target, if
used (Note : The number Of feed-through ducts may possibly be reduced by running some targets in
series. This approach will need to be proven by anaysis)

3 electrica feed-throughs for K-type thermocouples and 8 electrical PRT's are needed in the chamber
panels. TBDyr electrical feed-throughs are required for the radiant cooler target heater lines, if used.
5.2.4.6. Public Data Net Communication Requirements

The METOP AIT and launch site facilities will provide access to a public data network in order to
enable data exchange with the Instrument Suppliers for off-line data evaluation at the HIRS/4
Insoument Supplier premises.

As a baseline the file transfer procedures (FTP) via INTERNET will be used, however other TCP / IP _
applicauon layers via INTERNET and / or modem can be discussed. Requirements are TBDigg.
53.4.7. Physcd Interfaces

For set-up of the bench test equipment an areaof 20 m* asaminimumshallbeprovidedina
temperature and humidity controlled class 100,000 clean area.
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5.3. INSTRUMENT GROUTUD OPERATION REQUIREMENTS

53.1. General

Instrument operational constraints are presented in § 1.4.1. Test procedures may deviate from these.
Instrument modes and in-orbit operations are described in § 1.4.and 1.5.

HIRS/4 telecommands are desaibed in § 3.2.2.

For the ground operations, the acknowledgement of the commands by the instrument is done using
Anaog Housekeeping and Digital B data from the instrument, as described in § 3.2.3.

Conditions for Testing
If a solar simulator is illuminating the jss—ment, the scan mechanism must be running.

The Electronics ON command, when the radiant cooler is at ambient temperature (IR detector patch not
cooled), must not be sent, to prevent potential deterioration of the IR detectors (on-ground critical
command).

53.2. Command and Control Sequences

The testability of the instrument depends on the usage of stimuli and cooler equipment as outlined in

Table 5.3.2-| below. Command and control sequences will be implemented in the check-out software of

the METOP overal check-out equipment in terms of control files for automated testing. The control
files will ensure that the instrument is operated and tested in accordance with the objectives given below.

Control files will be coded on the basis of test procedures prepared by the METOP AIT team following

inputs from the Instrument Supplier, and checked by the Instrument supplier.

Control files shall take into account the generic operation requirements given above, and the Special
requirements for ambient and TV testing given in the following subchapters.

| [Hirs5:1cd.doc)



: MO-IC-MMT-HI-0001

test.

MATRA PACE Issue :2 Rev.: 0
Page :5.12
TEST CONFIGURATION
Incoming Inspection
PLM Eiectricai Test Pre-Integration PLM TV Test
SIL Test PLM Eiectricai Test (TBCuer)
S/L Test (TBCm)
NO external stimulus |  Standard lab. light source Only internal targets
WT, ICT)
No cooler Bench Cooier Cooled Shroud Panel
Test
Obiective | Ambient pressure Ambient pressure TV Cond.
Verification of
Command | command acceptance - Verification of command acceptance and execution
Handling and execution '
(Note 1)
HK
Telemetry Monitoring of HK telemetry data
Check against pre-defined limits and change of commands
Scan
Motor Functional check
Dperation
Filter
Wheel Functional check Channel 1 period
Drives monitor check
‘ Noise performance data and
Visi bie Not applicable Coarse caiibration check against coarse caiibration against
Channel (not authorized) data baselined at instrument level data baselined
Data (Note 2) at instrument level
(view of chamber interior)
infrared Presence of data and noise Resenceofdataandnoise
Channel Not applicable performance check against data | performance check against
Data (not authorized) baselined databaselined
at insuument level at instrument level
wte 1: excluding the Electronics On command that switches the IR channels on. and all commands
involving the IR channels. »
ote 2: the HIRS/4 design disallows the switching of the visible channel apart from the IR channels.
ote 3 :

the TB test is not dealt with in this table since it is not relevant to instrument performance

Table 5.3.2-1 : Test Objectives Versus Test Configurations
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533.1. Ambient Conditions
Operation of the instrument under ambient conditions is subject to the following constraints :

1. IR detector temperature, as determined from the extended patch temperature telemetry, should never
exceed 35 deg. C.

2. Patch temperature should be maintained to prevent condensation. |

3. IR channels shall not be activated with no bench cooler or equivalent. !

| Warning : Door should be manual restrained so that it does not impact the stops during testing (see §
5.6.1).

Procedure to open the radiant cooler door with the bench cooler attached is TBDygg.

Note:duﬁngbemhcooleroperaﬁonsanéxhausthneaﬁlta’.pmvidedbyhﬁfOP, shall be installed
on the bench cooler vacuum exhaust.

The normal operation mode and switch-on sequence for ambient pressure and temperature operation is
as follows (these procedures are intended as general guidelines ; the procedures will be specified in the
operation manuals supplied with the GSE) :

(1) Initial Sequence (to assure that each instrument section is reset properly)

1) Instrument OFF

2) Hlter Housing Heeter OFF
3) Patch Temp. Controller OFF
4)  Filter Wheel Motor Normal

(2) Switch-On Sequence

1) Pump down the bench cooler to a pressure of 10°° Torr (= 1.33 10" mbar)

2) Instrument ON

3) Scan Motor ON

4) Filter Wheel Motor ON (Off mode)

$) Turn on cooler heater (decontamination), maintain for 6 hours min. Detector temperature
should be monitored and the heater turned off if detector reaches 35 deg. C.

6) After 0.5 hours, mm off cooler heater. Cool until patch reaches operating temperature.

7) Filter Housng Heat ON

8) Electronics ON. Allow time for patch temperature to stabilise before taking measurements.

9) Patch Temperature Controller ON

10) Cdibration Enable

! Remark :in case IR channels are activated at ambient without cooling, there is no damage to tbe HIRS/4
as soon as the patch temperature telemetry is below 35 deg. C : this limits the activation of IR channels to
maximum 2 minutes starting from nominal temperamre range.
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Remark : With no bench cooler, use only steps #2, 3,4, 7,9 and 10.
(3) Switch-off Sequence

1) Turn on instrument outgas heater.

2) Turn on bench cooler heater

3) Bring bench cooler shroud to room temperature, being sure that this temperature does not
exceed IR detector temperature.

4) Wait until all temperamres reach room temperature (note : patch may be 30 deg. C)

5) Cooler Heater OFF

6) Electronics OFF

7) Pach Temp. Controller OFF

8) Scan Motor OFF

9) Filter Wheel Motor OFF

10) Instrument OFF

11) Back fill to ambient pressure, using dry N,.

Remark : With no bench cooler, use only steps #6,7,8,9 and 10.

§3.2.2. Thermal Vacuum Conditions

Operation of the instrument in thermal vacuum is subject to the following constraints :

1. IR detector temperature. as dete===ed from the extended paich temperature telemetry, should never
exceed 35 deg. C.

2. Patch temperamre should be maintained to prevent condensation.

The cooler door will normally be closed at the start of pump-down. When the pump-down is completed
the outgassing heater must be turned on before starting to cool the radiant cooler shroud and target.

24 hours after the cooler heater is turned on and when the cooler target is fully cooled down, the cooler
door may be opened. When the door is open the operating mode command sequence may be sent.

The norma operation mode and switch-on sequence for vacuum and end of vacuum operation iS as
follows (these procedures are intended as general guidelines ; the procedures will be specified in the
operation manuas supplied with the GSE) :

(A) Initial Sequence (to assure that each instrument section is reset properly)

1) Instrument OFF

2) Filter Housng Heater OFF
3) Patch Temp. Controller OFF
4) Filter Wheed Motor Norma

(B) Beginning of Vacuum Test
1) Pump down the chamber 10 a pressure of less than 10”* mbar and confirm
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2) Instrument ON
3) Scan Motor ON
4) Filter Wheel Motor ON
5) Turn on cooler heater (decontamination) and confirm
6) Cool shroud (or cooler target) to operating temperature.
7) After 48 hours, turn off cooler heater. Detector temperature should be monitored and the
heater turned off if detector temperature reaches 35 deg. C.
8) Open cooler door
9) Electronics ON
l 10) Patch Temperature Controller ON
11) Cdibration Enable

(C) End of Vacuum Test

1) Electronics OFF

2) Pach Temp. Controller OFF

3) Scan Motor OFF

4) Filter Wheel Motor OFF

* 5) Turn on cooler heater (decontamination)

6) Bring shroud to room temperature, being sure that this temperature does not exceed IR
detector temperature.,

7) Ingtrument OFF

8) Back fill to ambient pressure, using dry N,.

Note : it iS recommended that the cooler heaters be turned on during warm-up to prevent the cooler from
becoming contaminated.

533. Hazards / Precautions

Assure adequate clearance exists far cooler door deployment. The cooler cover shall be removed prior to
deploying the cooler door.

Persons handling the instrument must wear ESD dissipating smock. caps and gloves as a minimum.

Proper caution should be observed in maintaining Clearance around the instrument when removing the
handling fixture.

The instrument is an ESD sensitive device.

Remove connector savers before restoring the instrument into its shipping container.

I [Hirs5icd.doc)



Ref. : MO-1C-MMT-HLOOO1

Issue :2 Rev.: 0
MATRA MARCONI SPACE HIRS/4 Date  :June, 11® 1998
Page :5.16

5.4. INSTRUMENT ACCEPTANCE AT AIT SITE

5.4.1.  Unpacking/Packing and Handling Requirements

For all instrument handling and mounting the delivered handling fixture shall be used. The instrument
shall be handled only with anti- static gloves

5.41.  Incoming Inspection

The incoming inspection starts as soon as instrument equipment arrives at the integration site. After
unpacking under cleatroom conditions, the following will be carried out :

¢ Visual Inspection of Instrument and GSE

« Dimensiona /flatness check

¢ Units Weighing

« Ben&Testing

Bench Level Tests

Prior to installation and to the PLM and electrical integration with PLM avionics, the instruments shall
undergo a bench level check-out to demonstrate aliveness and instrument readiness for the subsequent
sysem level AIT activities.

The instrument will be set up on atest bench (e.g. a table with conductive surface) and shall be
connected to the instrument test equipment and bench cooler. Then a series of check-out activities shall
be carried out as required to vaidate the instrument readiness (including visible and IR channels).

The test equipment (e.g. a portable bench test equipment) shall be provided by the Instrument Supplier
and shall reside at the PLM and satellite AIV sites to support instrument troubleshooting if necessary.
Operation of the instrument and its bench test equipment is done by the Instrument supplier team with
support of the METOP AIV team in accordance t0 the following instrument-provided procedures and
manuals :

Incoming test procedures (incl. pass/ fail criteria) : TBDur
Test equipment handling and assembly procedures : TBDur
The test configuration is as per Table 5.3.2-1.

5.43. Instrument Self-Compatibility Test

N/A
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5.5. INTEGRATION ON METOP

‘ 5.5.1. Pre-Integration

Prior to the installation in the PLM, the instrument will be pre-integrated with the NIU and parts of the
NIU test equipment as well as the power conditioning unit The corresponding Set-up of on-board units
and ground support equipment is shown in Figure 5.5.1-1.

The purposes of the pre-integration activities is-to verify electrical interfaces between insuuments and
NIU and PCU, to develop instrument specific test sequences, and to refine and validate the DAPB
operation separately from the PLM level AIT in order to reduce the overall integration time.

The activities carried out with the instruments in the NIU pre-integration are electrical integration and
instrument IST’s as described in § 5.5.3 below.

The physical arrangement of the instruments during pre-integration Will be on desks with conductive
surface. The interconnection to the NIU and PCU is accomplished with a METOP provided test cable
harness. Pre-integration activities are done in a clean room environment as required. .

After completion of the pre-integration activities the instruments together with the NIU and the PCU
will be installed in the payload module. An abbreviated electrical integration and part of the IST's are

then repeated.
The test configuration is as per Table 53.2-.

55.2. Mechanical / Thermal Integration

The instrument mechanical /therma integration includes the following activities :

e Physical installation to associated PLM panels according to agreed procedures including thermal
insulation/filling and other

e Mechanica adjustment as required

e inddlation of therma fillers / insulators as required

e Mounting of therma blankets

e Bonding measurement between equipment case and PLM structure

e Mechanical integration of pre-integrated instrument panels to the payload carrier structure
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Not e : The Temperature Control Unit and. the Instrument Interfaces unit of the TBCU are not used
during PLM testing.

Figure 5.5.1-1 : HIRS/4 Test Set-Up in Pre-integration Configuration

5.5.3.  Electricd Integration and IST’s

The electrical integration of the instrument is done after the integration of its GSE. The purpose of the
electrical integration of the instrument on-board equipment is twofold : to verify that the interfaces
between the instrument and the PLM avionics are as specified, and to accomplish instrument operation
commissioning within the PLM environment

The following activities are carried out for eectrica interface verification :

Instrument Grounding / Isolation Check : before mating any connector with the system harness, it is
verified that designated grounding pins are properly terminated t0 chassis, and other connector pins are .
isolated.

Safery Check : it is verified, before connecting the system harness, that there is no unexpected
dangerous voltage, nor a short to chassis ground

T-Junction Tests : instrument connectors are mated with the PLM harness one by one via T-junctions,
which alow measuring signal characteristics. Power connectors are mated first, followed by command
interface connectors and telemetry interface connectors. The instrument is operated from the PLM
Command & Control Block (CCB) by sending commands manually. Essential signal parameters such as
riseffal times, signa levels, signal timing, inrush currents and power consumption are recorded and
compared against expected (ICD) values.
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The instrument electrical integration procedures will be prepared by the PLM AIT team on the basis of
inputs from the Instrument Supplier, and reviewed and supported by the Instrument Supplier.

An instrument IST will follow the verification of the instrument interfaces. The purpose of this test is to
perform a reference instrument check-out in the overall system environment.

The instrument will be operated in all relevant modes including degraded modes and redundancy
activation. Full instrument operability validation is achieved in the IST. This comprises both the on
board equipment and the ground support equipment and check-out software. It is to be noted that the’
check-out software, at least the AIT data base with the TM/TC parameter definitions will be re-used
during mission operation. Instrument specific control files will be refined and validated in the IST.

In addition to the above objectives, the IST serves to produce reference data Sets for the subsequent
environmental and system function test programs.

The test configuration is as per Table 5.3.2-I.

Operations of the instrument with the bench cooler attached would allow the checking of the IR
detectors. This test set-up requires free access of the bench cooler to the radiative cooler of the
instrument with neighbourhood instruments (AVHRR/3, 1ASI) adjacent. Feasibility of thisset up is
presently TBCyer due to compatibility between bench cooler physical envelope and PLM configuration.

55.4. lnmgraﬁon of GSE

55.4.1. Integration of GSE with the Flight Equipment
N/A

53.42.  GSE Integration with PLM OCOE

The EGSE integration is done prior to the integration of the on-board equipmax. During this activity,
the instrument provided test equipment shal be connected with the METOP provided PLM EGSE.
Generally, EGSE integration basically consists of an end-to-end communication check to demonstrate
full operability under control of the Command and Control Block (CCB).

The instrument GSE integration procedures will be prepared by the PLM AIT team on the basis of -
inputs from the Instrument Supplier, and reviewed and supported by the Instrument Supplier.

| {HirsSicd.doc)



Ref. . MO-IC-MMT-HI-0001
Issue 2 Rev.: O
Dare Jume,11® 1998

Page :520

MATRA MARCONI SPACE HIRS/4

5.6. INSTRUMENT OPERATION CONSTRAINTS DURING PLM & S/C SYSTEM
TESTS

56.1. System Environmental Test Levels

Ground operation of the radiant cooler door :

During &l METOP integration and test programme, the solenoid release shall be limited to a total of :
1 time without shock damping
unlimited when manual damping (procedure TBDpsr).

5.6.1.1.  Structural Tests

During the actual vibrations the scan motor and the filter wheel drive shall be switched on.

For vibration testing the following items shal be removed from the instrument :

- scan cavity dust cover

- cooler dust covk

5.6.1.2. Thermd Tests
For thermal vacuum testi ng the following items shall be removed from the instrument :
- scan cavity dust cover

- cooler dust covk

56.13. EMURFC Tests

For EMC/RFC testing the following items shal be removed from the instrument :
-scan cavity dust cover

-cooler dust covk

The Maximum magnetic flux experienced by tbe instrument shall not exceed 2.0 gauss and the
instrument shall not be exposed to a radiated electric field greater than one volt/meter for frequencies
between 150 kHz and 500 MHz.
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5.63.  Function and Performance Tests

The following descriptions shall provide a better understanding of the system level tests and are to be
understood as for iuformation only.

The test configuration is as per Table 5.3.2-l.

5.6.2.1.  System Functional Tests (SFT)

The system functional test will verify the overall system performance and operability in a series of
mission relevant modes. Back up modes, degraded modes and mode transitions will be included. The
SFT procedures Will be composed of control files which have been validated during IST's.

5§.62.2. Special Performance Test (SPT)

SPT's serve to execute specific performance verifications in the overall system configuration for all
those parameters which have contributions from more than one subsystem or far test cases which
require a special set-up and operation condition. A typical example is a bit error performance test which
involves elements of data acquisition, formatting and transmission.

For the instrument it is assumed that full performance has been demonstrated as part of the instrument

acceptance test program, and therefore no instrument specific performance testing is required on system
level.

5.6.2.3.  Abbreviated Functional Tests (AFT)

The abbreviated function test is composed of a subset of control files and procedures from the system
functional test. Its purpose is to demonstrate System integrity after major Set-up changes and after
transport. NO measurement data evaluation will be included in the AFT s but ouly a verification that the
measurement data streams are present. Therefore, NO instrument Stimulus generation and feedback data
acquisition will be done.

! [HirsSicd.doc}



Ref. : MO-IC-MMT-HI-0001

MATRA RCONI SPACE Issue : 2 Rev.:. O
Page :522

5.7. INSTRUMENT CONSTRAINTS ON GROUND ENVIRONMENTAL
CONDITIONS

5.7.1. AIT Site

HIRS/4, when held by handling fixture, may be positioned in any orientation.
'l'hetéstconnectordovas for J7 and J9 are flight hardware. m19connectaoovercommnsmss and
shall never be removed from the instrument. ' : '

The scan cavity dust cover shall be installed at all times except when the instrument is in the thermal
vacuum, vibration or RFC testing. The dust cover on the cooler shall be installed at all times except
when the instrument is in the thermal vacuum or vibration testing or when the bench test cooler is
installed.

Connectordustcapsshallbeinstalledwhenmeins&umentisnotinusc.

During beach cooler operations, an exhaust line or filter provided by METOP, shall be installed on the
bench cooler vacuum pump exhaust.

5.73.  Launch site

Temperature, humidity and cleanliness conditions to which the instrument is exposed while a launch
site are 10 be equivalent to those of the AIT site. Scan cavity and cooler dust covers shall be installed at
all times. In the event that these covers are removed for an inspection of the scan mirror or cooler
surfaces, the instrument shall be in class 100.000 or better clean area as defined in FED-STD-209B. In
the event that it may not be possible t0 maintain the entire launch site area in which the instrument is
located to the clean conditions given above, the instrument shall be bagged to prevent contamination.

5.73.  Transpertation

To avoid damage to the instrument, when not yet integrated to the spacecraft, it shall be hand-carried by
authorised personnel in a sealed container, pressurized with dry N,. For transport, monitoring shock and
temperature recorders integrated into the transit case shall be used.

5.74. Storage

For instrument storage the sealed containers shall be back-filled with dry N, to one amosphere. Purging
IS not required.

The storage temperatures shal be as per § 2.3.2.1.

The humidity limits shall not exceed 90 percent when the insuument is in the shipping container and
sealed. When the shipping container is open, the humidity limit is less than 55 percent. Under no
conditions shal the humidity be alowed to approach the dew point.

Other maintenance, as for example re-calibration, iS not planned during storage.
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5.8. LAUNCH CAMPAIGN

5.8.1.  Launch Preparation
Check-Out on the Launch Range

Instrument launch operations before encapsulation Of the satellite-into the launcher fairing -will be a
series of functional tests as already done during the AIT phase. After encapsulation of the satellite, there
will be only limited command and control access via umbilical to the service module and the payload -
module avionics. Therefore, instruments will generally not be operated after spacecraft encapsulation.
However, the HIRS/4 scan motor and the filter wheel drive shall be powered during lift off.

Before encapsulation access to the scan mirror is required far inspection purposes.

During launch preparation the alignment mirrors (2 off) have to be taped with a low reflectivity tape far
stray-light suppression reasons. Furthermore it has to be assured that the test connector cover is
installed.

5.8.2. Red Tagged Items
« Dust COVer onscan cavity
¢ Dust cover on cooler door

¢ Connector dust caps
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