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1. SCOPE

This document contains the functional requirements for the Vector
Helium Magnetometer (VHM) on the at;ropean Space Agency (ESA) 3olar Polar Space-
craft. The VHM is one of the two ugneconten on board tlut' wul measure the
vector magnetic field along the Eatth-to-Jupiter transfer tra,ectory. as well
as in the vicinity of Jupiter and along the solar polar orbit fullowing Jupiter
encounter. Figure | illustrates the interconneg¢tion between these two mag-
netometers and their shared data processing unit.
2. APPLI"TABLE DOCUMENTS
2.1 Applicable sections of the following documents form part of this

Functional Requirement.
European Space Agency, International Solar Polar Mission Documents

1SPM-P-0200 ISPM Experiment Interface Document, Part A.

ISPM-PD-0129 ISPM Experiment Interface Document, Part B,
Experiment "HED".

ISPM--J--0257 Electrostatic, Electromagnetic and Magnetic
Compatibillty Requirements and Test Methods.

ISPM-J-0360 EMC and Energetic Radiation Environment.

1SPM-M-0350 ISPM Experiment System Level Integration and Test Requirements,
Part A.

I1SPM-DHB-0125 EXPCOE Requirements for the ISPM Project.

ISPM-P-0300 Env_ironmé::iil test Measurement and Inspection
Requirements for ESA ISPM Instruments.

3. FUNCTIONAL DESCRIPTION

3.1 Primary Functions

The primary functions of the VHM are as follows:

a. To sense the components of the ambient magnetic vector along
three mutually orthogonal axes.

b. To provide tiltered analog voltages representing the three
field components to the HFD 0l data processing subsysteam for
digitizatiown.

PEDER (3 RN aeie g o S TR INRE AR R SRS RRATRSER RN o
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c. To operate cn one of two dynamic ranges selected either
automatically or by ground command.

d. To calibrate the VHM sensor in flight upon ground command by
imposing known magnetic fields.

e. To provide VHM analog housekeeping and digital operating
status ind‘cations to the HED 0l data processing subsystem.

f. To control the VHM sensor temperature in flight.

3.2 Systerm Desétiption
3.2.1 General

A simpliried block diagram of the VHM is shown in Figure 2a. The
system consists of two major functional elements: a sensor package mounted at
the eﬁd of a spacecraft boom and connected by means of a ~7-meter harness to
a_main electronics package located within the spacecraft main body. The
VHM main electronics consists of five major subsystems: 1) the servo elec-
tronics; 2) the digital timing, control and status electronics 3) the sensor
lamp and cell RF supplies and. ignition generator; 4) the temperature monitor
and control electronics, and 5) the low voltage power supply. Figure 2b is a
more detailed block diagram of the VHM instrumert.

3.3 Subsystem Descriptions
3.3.1 Boom Package

The boom package consists of: 1) the Vif sensor; 2) a thermal
isolator and boom attachment fitting; 3) a heater and thermal blanket for
thermal control; 4) and a short cable with connectors for electrical connection
to the boom cable.
3.3.1.1 Sensor Description

Figure 3 is a schematic diagram of the VHM sensor. The semnsor
utilizes field-dependent light absorption {the Zeeman effect and optical )
pumping) , to sense the magnetic field. Helium in an absorption cell is excited
by an electrodeless radio frequency (RF) discharge to maintain a population
of metastable atoms. Light in the helium lamp is also generated by RF excita-
tion. It is circularly polarized by a polarizer and passes through the cell
to an infrared (IR) detector. When no magnetic field is present, the net
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optical pumping in the cell is zero. However, the presence of a field having
a component transverse to the optical uxis causcs optical pumping to take
place which can be sensed by the detector.

In the VHM, absoration in the helium cell is modulated by a rotat-
ing, circular sweep flelé gencrated ' quadrature sinusoidal currents passed
through triaxial Helmholtz coils surrounding the absorption cell. The field
sweeps around alternately in two orthogonal plancs on a time shargd basis,

Each plane contains the optical axis. When the ambient field component in the
plane of the rotating vector is zero, the IR detector output waveform is a pure
second harmenic of the sweep frequency. However, when a comparatively small
and steady amblent field is present, the IR detector output alse countains a
fundamental frcq&cncy component (i.e., the first harmonic) thar has a magnitude
and phase which are dependent on the magnitude and divection of the magnetic
ficld. In the time-sharing mode, the detector output contains sufficient
information to derive the three field vector components unambiguously. These
gated signals are synchronously demodulated in the electronics assembly where
currents are fed back to the triaxial coils in a sense which tends to oppose
the ambient field. Sufficient liop gain is provided to null the steady field
imposed on the cell to a very small magnitude. The three axial output voltages
of the basic instrument are derived from the feedback currents.

In-flight calibration fields are generated by imposing on the
sensor coils currents of known amplitude and frequency.

3.3.1.2 Sensor Response Functions

The IR detector current (tx Y z) modulation at the sweep frequency
LEN ]
is related to the ambient field components (Hx Y z) by the following relatioms:
LR ]

4+ 50
" By (:_:) ':':‘_f's%;z sin ax,

3
=R —1 __}_3 Cos
L (:o) (1+s )z] o
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waere K1 and “o are constants, S = [{ sweeplﬂo and . is the radian sweep
frequency. The signal also contains a large second harmonic term izfo -
K 52—-2 cos 2 wt, which is not field dependent,

Li4s

3.3.1.3 Sensor Mounting Attachment
The mounting attachment provides a means for attaching the VHM

sensor to the boom, for orienting the sensor ‘'»es relative to the spacecraft
axes and for controlling the heat flow across the boom/sensor interface during
flight. The sensor is end-mounted to the boom such that these attachment
provisions become an integral part of the thermal barrier at the boom interface.

3.3.1.4 Thermai Flerments

A VHM sensor heater, control resistor and spacecraft readout ther-
mistor will be counted within the sensor housing. A\ thermal radiating acea,
painted for the required emission property, will be located near the inboard
end of the sensor. All components of the VEM boom package except the thermal
radiating area and pigtail harness are to be enclosed by the sensor's multi-
layer thermal blanket. The pigtail will be enclosed in a separate wrap of its
own.
3.3.1.5 Electrical Connection

A short "pigtail" cable with end-connectors provides the electrical
connection of the VHM to a boom-mounted cable leading to the VHM electronics
package (HED 02) that is located within the main body of the spacecraft. The
connection is by way of boom root connectors at the base of the experiment
boon.

3.3.2 Electronics Package
3.3.2.1 Servo Electronics
Figure 4 is a functional block diagram of the servo electronics.

[ ]

This subsystem converts the IR detector current modulation to an amplified
voltage signal, suppresses the second harmonic, separates the axial phase
components and converts them to D.C. by phase-synchronous demodulation. Three
D.C. amplifier/integrators provide further gain/loop-bandwidth control for the
X, Y and Z axes. These amplifiers drive negative feedback currenrts through
calibrated resistors to the X, Y and Z sensor coils so that the ambient field
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is nulled. The voltages across the feedback resistors represent the three

ambient magnetic field components being measured. These voltages are filtered

by three low-pa.s filters before they are passed to the HED-Ol package for

digital conversion and processing. In addition, the servo’electronics performs

L

the following functions:

a.
b.
Ce

d.

Generutes sweep currents for the sensor'coils,

Generates adjustable phase references for the demodulators.
Generates preamplifier output and signal status indicator.
Generates precisfon currents fed to the sensor coils for
in-flight calibration (IFC).

Detects over and under range conditions and provides indica-
tions to the control logic for automatic ranging.

Provides range switches to control the sweep tield, IFC, and
nulling (L.e., feedback) currents.

Centrols the servo loop gain according to the opetaiing range
by means of a switched gain amplifier.

Detects, scales and multiplexes eight analog housckeeping
voltages onto one output line. The parameter on the output
line will be selected by a 3-bit address from the HED 01
electronics. (These address lines must be buffered, and the
multiplexer output clamped at +6 VDC, and -1 VDC as well as
protected against external short circuits by a 2200 ohm series
resistor.) The eight parameters to be multiplexed are: 1)
VM preamplifier signal level, 2) IR detector bias current,
3) lamp RF amplitude, 4) cell RF amplitude, 5) Heater voltage,
6) reference voltage, 7) :12 VDC supply, and 8) 6.3 VDC

supply.

The servo electronics performance parameters are given in Table 1.
3.3.2.2 Digital Timing, Control and Status Electronics
A functional block diagram of this subsystem is shown in Figure 5

and performance requirements are listed in Table 2. The functions of the sub-

system are as follows:

To provide range switching commands to the loop electronics.

At any given time, all three axes are always operated on the

1=
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Servo Electronics Performance Parameters

Table 1.
Dynamic Ranges: Range
0
1
Ky
H
[« ] .

Fleld-equivalent servo electronics noise

Peak sweep amplitude

X and Y axis coil constant

Z axis coil constant

Sweep amplitude stability.

Nominal sweep frequency

Sweep frequency stability:
Over operating temperature

Over 66 K Rad (Sl) radiation
environment

% Axis sweep phase (w.r.t. X & Y)

'Dmodulator phase references

Maximum crosstalk

Loop bandwidth
Loop phase margin

Allowable change in phase shift

=] L

Full Scale Camma
+ 8,190
+ 65.32

0.58 ¢ 0.08 x 10~6 amperes ms
32 + 5 gammas

3.6 my rms/Y HZ

60 + 10, -6 gamma (both ranges)
scttable to within 2 gamma

1.765 + 0.025 nal/y

1.642 + 0,025 ua/y

+ 1 HZ, or better

+ &4 HZ, or better

90° adjustable + 15° to a
precision of 0°6,

Adjustable from 0° to 40° phase
lag, vwith respect to the reference
generator each axis, setable to a
precision of 076,

€002Q@f<0.1HZ, <1°@f =4
+ 0.1 HZ between any two axes.

0 to 12 HZ (+ 3 Hz, -2 HZ)
> 45°

< 071 at the nominal S/C spin
frequency (1/12 sec) over nominal
operating temperature range and
variations in nominal sensor
scale factors.
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Servo Electronics Performance Parameters (Cont'd)

Output filter full

scale voltage, + 5.11875 + 0.01 volts

all ranges, all axes

Scale factors at
filter output:

Output scale factor

Output scale factor

Scale factor linear

Range 0 1.60 gamma/volt
Range 1 T 12.80 gamma/volt
setability Sctable to a precision of 0.4%

of nominal value, each range.

stability + 0.3%

ity Linear to within 0,12 of full scale.

D.C. offset, cach axis .Less than + 2.5 gamria, settable to less

Overrange thresholid

than 1% of full-scale, stable to within
0.2% of full scale.
+ 5.00 (+ 0.07) volts at any one

(preceding output filter) wideband output; X, Y or Z.
Underrange threshold + 0.51 ( + 0.07) volts at all three
(preceding output filter) wideband outputs; X, Y and Z.

Output filter chara

cteristic 0 to 4 + 0.1 HZ (noise bandwidth)
3-pole Butterworth.

Maximum output noise: 7 my/J/HZ rms @ 1 HZ

In flight calibration, (IFC)

Commandable:

2 levels, (t 48.84% of full scale, if.e. +4y and -4y or
432y and -32y) on the range presently in use (or the next
higher one) while in the automatic ranging mode. (Note:
In the automatic ranging mode, either range 0 IFC level
could in principle cause the instrument to up range).

2 levels, (* 48.84X of full scale), only on the range
selected by ground command while in the manual ranging mode.
(Note: In the manual ranging mode, either IFC level could
in principle cause the instrument to saturate).

Note: The commandable IFC is to be a self terminating sequence with a
duration of one format time per level applied, (i.e. 32 or 64

seconds
rate).

for each of the two levels depending upon the prevailing data

wld=
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Table 1. Servo Electronics Performance Parameters (Cont'd)

Automatic:

IFC Settability:

IFC Stability:

Analog housekeeping multiplexer: *

Address lines:

Output line:

1 level, (+6.105% of full scale, {.e.,
4+0.5y or +4.0y) applied repetitively at
a 50 duty cycle. It i3 to be initiated
and terminated by the Automatic IFC
ON/OFF control signal from the HED Ol
package and operated by the Automatic
IFC Gate input also from the HED 0Ol
package. (The auto IFC gate will be a
0 to 10 V/DC, 2 HZ square wave that is
at half the Nyquist frequency and is
format--synchronous. The auto [FC con-
trol signal will be +10 VDC ON and
OVDC OFF).

Each level settable to :1X of the
required level,

Stable to within 0,32 of each level.

3-bit BCD code that changes once per
format. '1' = +10VDC, '0' = OVDC.

0 to 5.10 VDC with clamping at -1VDC

and +6VDC and 2200 ohm in-ser.es
protection.

The multiplexer steps assignments, the
nominal voltages, alarm limits and conver-
sion to engineering units are shown on

the following table.

«]9=
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Table 2. Timing, Control and S:atus Logic Parameters

COMMANDS

Bie Code: 23 22 21 20

0 000
010
011

o © o o©

11

-
-

- = O e

- O © ~ O o

1 1
AUTO uprange time delay

AUTO downrange time delay

Ignition time delay

Ignition command width

Preamplifier "sighal loss" threshold

Range identification output

Housekeeping multiplixer address

ADC busy

’

VHM Instrument State

Ignition ENABLED, IFC OFF, Automatic rang!. <

" * , " ", Manual range 0
" * ., " ", Manual range 1
" " , IFC ON, Automactic ranging
" " » " ", Manual range 0
" e -, Manual range 1

Ignition INHTBITED, IFC OFF, Automatic ranging
" ", " ", Manual range 0
" ", " ", Manual range 1
" " , TFC ON, Automatic ranging
" ", " ", Manual raage 0

" ", " ", Manual range 1

Instantaneously except when inhibjted by
ADC busy.

Creater than one spacecraft rotation
(i.e., > 12 geconds nominally)

At power on: Second occuring format pulse
following power-on reset.

After a signal loss: Next occuring format
Nl..o

1 second

30 to 50 millivolts

1 bic, (Range # § BCD #)

3 bits, (000 through 111 sequentially)

Fange-change inhibit (+10VDC ON, CV OFF,
approximately 3 ms ON, 122 ms OFF)

-16-
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Table 2. Timing, Control and Status Logic Paramcters (Count'd)

AUTO IFC Gate

AUTO IFC Control

Digital Status Word:

27

Bi-level signal at 2 HZ
(fnyquigt/2) that operates the
automatic IFC sequence.

Bi-level control signal that

initiates and terminates the
automatic IFC sequence,

VHM sensor signal status
(signal present = '1',
signal lost = '0')

VHM operating mode (Auto
ranging = '0' Manual ranging = '1')

VHM operating range
Over range indicator

Ignition gate status (ENABLED = '0'
INHIBITED = °'1°')

Commandable IFC status
(OFF = '0', ON = '1') (Note 1)

Automatic IFC
(OFF = '0', ON = '1')

Ignition voltage status
(0" = 'o'. “ = '1')

-17-
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C.

same rangt. In the manual ranging mode, the range is
determined by the least significant ground command bit. In
the automatic mode, the range is controlled by the over and
under range indicators from the servo electronics subsystem.
Up-ranging will occur when any of the loop (i.e., wideband)
outputs exceeds the over range threshold. Down-ranging will
occur when all three loop (i.e., wideband) outputs fall below
the under range threshold and remain there for at least one
spacecraft revolution (=12 sec.). VHM raage changes are to
be inhibited whenever an analog-to-digital converter (ADC)
busy signal is prescnt at the HED 02-to-HED Ol interface
connector (typically for 3 milliseconds out of every 125
milliseconds).

Provide IFC switching commands to the loop electronics for
the comnmandable IFC sequence. The commandable IFC sequence
is to be initiated with a format pulse and to be self-
terminating, lasting two format periods. The commandable
IFC is to operate both in the automatic ranging mode and in
the manual ranging mode. In either mode, each of two levels
will be applied to all three axes at the same time and the
sequence will then be terminated. The first level will be
either +4 or +32 gamma, and the second level will be either
-4 or ~32 gamma for Ranges 0 and 1 respectively.

Provide IFC switching commands to the loop electronics for
the automatic IFC sequence which is both initiated and ter-
minated by the automatic IFC control signal from the HED Ol
assembly, and operated by the auto IFC gate signal from the
same source.

Prqvide ignition pulses to the RF generator/ignition circuit.
The ignition pulse is used to dump charge from storage
capacitors . 1to an oscillator circuit that drives an ignition
transformer located in the VHM sensor. The ignition pulse
will be generated on the next format pulse following the time
when the signal at the preamplifier output in the loop elec-
tronics falls below a set threshold. In the automatic ranging

<l
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mode, whenever signial loss is detected, the range will be
automatically set to range 1.

e. Temporarily store VHM digital operating status data and shift
it out serially when a word gate and shift pulses are received
from the HED Ol electronics. The functions to be indicated
are: 1) scnsor signal status (preamp signal prescat or signal
lost), 2) ViM ranging mode (manual/auto); 3) VHM operating
range (1 bit), 4) overrange indicator (1 bit), S) ignition
gate status (enabled or inhibited), 6) commandable IFC status
(on/of€); 7) automatic 1FC status (uon/off), 8) VHM sensor
ignition voltage (on/off). Note: The word gate and shifc
pulse inputs and the digital status word output are all to
be buffered.

f. Provide one bit of buftercd data indicating the Instrument
operating range for use by the UED Ol electronics in tagging
each digitized VHM output vector.

g. Buffer and decode the four ground command lines for the
purpose of establishing the VHM operating state. The default
(i.e., '0000') operating state is AUTO ranging, IFC OFF,
ignition ENABLED.

h. Perform power-on reset functions at the time +28 VDC space-
craft power is aoplied to the VHM. The instrument operation
immediately following power ON is to be automatic ranging
mode. range 1, IFC OFF, ignition ENABLED. The first ignitiom
pulse will occur after a time delay long enough for the ESA
Project's turn-on transient requirement to be met and when
the ignition capacitors have stored sufficient charge to
1ight the helium lamp and cell.

3.3.2.3 RF and Ignition Supply Electronics

The ~27 MHz radio frequency and ignition supply consists of a
single crystal-controlled oscillator, two buffered power output stages to fur-
nish sustaining power for the sensor lamp and cell, and a separate stored-charge

=10
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ignition circuit. The ignition circuit discharges a capacitor voltage into
an oscillator circuit that drives the primary of an ignition transformer
located in the VHM sensor housing. Separate taps on secondary windings carry
hig@ voltage to igniqion'e¥9ctrodes on the lamp and cell for the purpose of
igniting the glow discharges. Ignition is initiated by a signal from the
timing and control logic. Each of the ~27 Miz output stages will be matched
to a coaxial cable of 50 & 3 ovhms characteristic impedance. The required lamp
power at the output of the driver stage is 650 mw. Output power from the cell
driver stage is required to be 150 mw., ‘the required voltage ‘stability of
bocth outputs is * 1%,

3.3.2.4% Seansor Hleater Power afd Control Electronics

This subsystem generates and controls heater power being sent to
a heater located in the boom package for control of the VHM sensor temperature.
A temperature control resistor in the boom package is used to determine the mag-
nitude of current carried to the heater element via the boom cable. The combined
maximum power allocated for both the sensor heater and its controller is one
watt. A proportional DC controller is envisioned with a set puoint temperature
between 0°C and +10°C, settable to within 1°C.
4.9.2.5 Low Voltage Power Supply

Spacecraft raw power at + 28 volts D.C. will be supplied to the low

voltage power converter which generates the required supply voltages for the
VHM electronics. The converter shall be designed to operate at 57344 Hz, in
synchronism with the 114688 Hz power sync signal. Moreover, the free running
(unsynchronized) operating frequency 6f the converter shall be zreater than
52,000 Hz. D. C. supply voltages required are:

Analog electronics t 12V

Digital electronics +10V

Lamp RF power +12V

Cell RF power +12V

Ignition supply +32vV

Analog switches £ 6.3V
.20~
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4. INTERFACE DEFINITION

4.1 Mechanical Interfaces
The mechanical interfaces of thc boom package and the electronics

package are represented by the mounting provisions shown in Figures 6 and 7.
4.2 Thermal Interfaces

The sensor boom package will be exposed to solar radiation through-
out the mission. Approximately 630 milliwatts of RF power will be dissipated
by the lamp and cell within the sensor housing. In addition, a feedback;

controlled electrical heater will be mounted near the inboard end of the case
adjacent to the sensor attach fitting and thermal barrier. Both the sensor
case and attach fitting will be enclosed by a multilayer thermal blanket.

The principal paths for heat losses from the VHM sensor are thought to be

by conduction through the mechanical interface and boonm cable, and by radiation
to deep space. Thermal control of the electronics packape will be effected
primarily by conduction through the mechanical interface to the spacecraft

main experiment shelf.

4.3 Electrical Interfaces

The electrical connections are shown in Figure 8.

The electrical interfaces between the VHM electronics (HED 02)
and the Viti boom package (HED 04) are given in Table 3. The ".ED 02-to-HED 01
interface is described in Table 4. The VHM test connector interface is given
in Table 5. VHM elcctrical interfaces are also illustrated in Figure 9.
Figure 10 shows the groundiﬂg schewe.
S. PERFORMANCE

The Solur Polar VHM is to be designed for a minimum lifetime of
5 1/4 years, including 4 years of prime mission operation after exposure to
the Jovian trapped radiation enviroument. The primary VHM performance param-
eters are sumarize’ in Table 6.
6. PHYSICAL CHARACTERISTICS

The primary physical characteristic requirements of the Solar Folar

VHM are shown in Table 7.

7. SENSOR ALIGNMENT REQUIREMENTS

Figure 11 shows the required alignment of the sensor axes relative

| to the spacecraft principal axes. The required alignment tolerance is & 1/2°

paximum error with knowledge to within 1/4°.

=2 =
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, Table 3. HED 02 to HED 04 Boom Harness Interface, P04
PIN FUNCTION

1 Guard

2 VHM sensor IR detector biao

3 Igniter return

4 Igniter

S Shield (analog ground, G4)

6 VHM sensor thermistor 1 (S/C readout)
7 ViiM sensor thermistor 1 return

8 Shield (analog ground, G4)

9 X axis sweep drive
10 X axis sweep return
11 Shield (analog ground, G4)

12 Z axis sweep drive
13 2 axis sweep return

14 Shield (analog ground, G&)
13 .VHM ;ensor IR detector output

16 Spare

17 VHM sensor heater return

18 VHM sensor heater

19 Shield (analog ground, GA)
20 VHM sensor thermistor 2 (temperature control)
21 VHM sensor thermistor 2 retura
22 Shield (Analog ground, GA)
23 Y axis sweep driyc
24 Y axis sweep return

25 Shield (analog ground, Th)
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~

HED_02 to HED Ol Power Intarface, JOI

PIN

FUNCTION

N - 00 WO O >

+ 28 VDC spacecraft power
S/C power return and sync

+ 28 VDC spacecraft power
s/C power.return and sync
Power converter sync

S/C power return and sync
Heater power (+ 28 VDC)
Heater power return
Heater power (+ 28 VDC)

return G3

return G3

return G3

26
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Table 4b. Pin Assignments for HED 02, P03

(50 pin D series Interconnect COnnc;ctor)

r~ HED D3 Status Word Q Chassis
L)
@ Chassis
@ HED D3 Status Word % Bit Shift Pulse
. . A Ligital Return G5
vi HED D3 W/G % Bit Shift Pulse
= Digital Return G5
2 HED D3 W/G s ADC Busy
Q Digital Return G5
M Frame Pulse $ ADC Busy
& Auto IFC Control
~ Frame Pulse “Y Sun Pulse
— o0 hd
R Auto IFC Control
—+ Format Pulse 3 Sun Pulse
2 S Auto IFC Gate 2
~ Format Pulse 2 2" Mux Address
3 9 Auto IFC Gate 1
o 27 Command < 2 Mux Address
2 3 Operating Range < 0
® 2° Command . 3 2 Mux Address
~ ol 3 Operating Range
2" Command Analog H/K
0 Q HED G4 Th Return $
©® 2" Command & Analog H/K
& HED 04 Th Return
v HED 04 S/C Therm R Analog Peturn G4
«~ Analog Return G4
¥ MED 04 S/C Thera & Z Field Data
Q Y Field Data
™ Analog Return G4 2 Z Field Data
%Y Field Data
&~ X Field Data Spare
® Spare =
~ X Field Data & Spare

27
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Table 4c. Pin Assignments for HED 02, P02
(51 Pin MDM Interconnect Connector)
@ Spare
n Spare
r HED D3 Status Word @ Chassis
< Spare
© HED D3 Status Word Q Chassis
@ Chassis
‘) HED D3 Word Gate % Bit Shift Pulse
S Digital Return G5
¥ HED D3 Word Gate % Bit Shift Pulse
= Digital Return G5
M Frame Pulse s ADC Busy
Q Digital Return G5
N Frame Pulse 2 ADC Busy
Q Auto IFC Control
~ Format Pulse 92 Sun Pulse
% Auto IFC Control
S Format Pulse 3 Sun Pulse
~
3 « Auto IFC Gate 2
o 2° Command 2D 2° Mux Address
2 9 Auto IFC Gate 1
® 2° Command S 2" Mux Address
i Q Operating Range A
~ 2" Command 3 27 Mux Address
0 < Operating Range
Y 2" Command - @ Analog Housekeeping
o HED 04 Therm. Return
Y HED 04 S/C Thermistor 9 Analog Housekeeping
& HED 04 Therm. Return
« HED 04 S/C Thermistor R Analog Return G&
=~ Analog Return G4
« Analog Return G4 & Z Fie)d Data
Q Y Field Data
o~ X Field Cata 2 Z Field Data
% Y Field Data .
~ X Field Data

28
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Table 5. Pia Assignments for HED 02, JO3

(37 Pin MDM Test Connector)

9 RF & Digital Ground, GS . ,. .
™ Chassis (W/B Shield)
™
@ Underrange Condition
Analog Ground, G4
@ ™ Overrange Conditfon :z ‘ideband .
eband test point
% VIM Operating Range
) 2 Y Wideband test point
v Auto IFC Control Status
ax Wideband test point
2 C mmandable IFC Status :
& Chassis (Sweep Shield)
@ = Igaition Charge Status
~ Analog Ground, G&
(2]
o Ignition Pulse
. Q 2 VIM Axis sweep voltage
= 432 VDC Igniter Supply
@ QY VM Axis sweep voltage
@ S +12 VDC RF Supply
QX VHM Axis sweep voltage
o +10 VDC Digital Supply
N Chassis (Monitor Shield) -
® =12 VDC Analog Supply

\ Analog Ground, G4
~ +12 VDC Analog Supply"
Q Detector Current Monitor
o -6.3 VDC Switch Bias
< Detector Voltage Monitor
W +6.3 VEC Switch Bias

CIOXO)

: ) Q Reference Voltage Monitor
« -3.75 VDC IFC Reference

& Chassis (Preamp Shield)
™ +3.75 VDC IFC Reference

= Analog Grouns, G4
o~ Heater Voltage Monitor

@ Q Preamp Output

~ Analog Ground, ‘G4

©,
®©

NOTE:
Circles numbers represent assignments for 15 pin connector ON Th:rmal/Vacuum BCE.

29
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DBMZSS NMC - KS6 DEMOP NMC - K34
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= SHIELD — 1 § [t SCRMRATRE)
18 4@ —  ATER POWER 18 ' POLER CONVERTER §
o H SYNC RUTURN
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1 e HEATER RETURN G4 ou B i HIATER RETURN G6
Py e THZAM 01 ($/C RO} s ? HEATER POWER 1928 VOL)
wh=Y SHIELD 1Y 19 —
b THERMISTOR | RUTURN :X: ! i
g g / MOM-51-5
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1 =8 Z COIL RETURN G4 —+é+— n 4 e WED-04 S C THERMISTOR
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VHM BOOM HARNESS -y e—-{
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1) FRAME PULSE
» AUTO IFC GATE
©COAXS ARE ASTROWAD 32008 aq f— AUTO IFC GAE
1P SUPPLIEDY A f— 1FC CONTROL
¢ 800M HARNSS WIS, B s
AWG 28 AT 130 TWISTS METER B P OPERATING RANGE
(1 3 TWISTSINO =
16 P—t—+— HED-D) STATUS WORD
S PIN-FOR -PN BOOM ROOT 0 f—df HED-B) STATUS WORD
CONACIOR NOT SHOWM ni—I cmssis
& p=f=t= 1T SHIFT PLSE
@ —r— 317 SHIFT PaLSE
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N
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Figure 9. VHM Ele:trical Interface
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Table 6. Summary of the Primary VHM Performance Parameters

FUNCTION

PARAMETERS

Dynamic ranges

Full scale output voltages:

a) each analog field component
b) analog housekeeping

Fie'd-equivalent output noise

Zero offset (each axis)

Stability
Maximum interaxial crosstalk
Loop bandwidth

Output filter bandwidth

Sensor response constants

+ 8.190, + 65.52, garmas full scale

+£ 5.12 ¢ 0.01 volts
0 to + 5.10 volts

Less than 7 my mms//HZ, (6ay//Hz sensor,
3.6 my//liz electronics)

Adjustable to < 1% of full scale

Scale factor stable to: + 0.3% of full scale
Zero offset stable to: + 0.2% of full scale
< 0.2 degree at < 0,1 HZ, < 1.0 degree @ & HZ

+3

2 o

Hz

0 to 4 + 0.1 HZ effective noise bandwidth

K, = 0.58 + .08x10™° amperes rms
l!o = 32 + 5 gammas
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Table 7. Physical Requirements
PARAMETER BOOM PACKAGE ELECTRONICS
Weight (kg) 0.80! 1.382
Dimensions (mm) 360 x 120 x 120° 146 x 203 x 75
Instrument power (watts) 0.8 watts RF6 - 2,20 watts

Heater power (watts)

Operating Temperature Range

Non-operating Temperature

Range

Preferred Operating
Temperature

0.88 watts maximum

-30%to + 30°C
-60%to + 40°C

0°C to + 10°C

0.26 watts maximum

-20%t0 + 50°C
-30°to + 60°C

+15° to + 25°C

NOTES: 1.

Including thermal barrier and attachment provisions.

2. Including 0.11 kgm HED 01 - HED 02 interconnect harness.

3. Maximum envelope, including thermal blanket and thermal radiator.

4, 0.8 watts consists of 0.63 watts dissipated within sensor

thermal blanket and 0.17 watts RF cable losses.

13
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8. ENVIRONMENTAL REQUIREMENTS

The Solar Polar VHM shall be designed to meet the environmental
requirements given in ESA Project documents ISPM-J-0257, ISPM-J-0360 and
TSPM-P-300. Included in these documents are requircments and constraints oni
DC magnetic Pruperties, AC magnetic properties, radio frequency interference
(RFI), electromagnetic compatibility (EMC), electrostatic cleanliness (ESC),
operating temperatures, vibration levels and radiation environment. In
anticipation of the potentially damaging effects of the expected radiation
dose, the VHM shall be designed to operate withir the previously stated
tolerances after exposure to 66 K Rads (Si) of energetic particle radiation.
9. BENCH CHECROUT EQULPMENT (BCE)

A block diagram of the VHM BCE is shown in Figure 12, Fipu.c¢ 13

illustrates the way in which the BCE is connected to the VIM electronics

assembly.
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