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IMP-I SPACECRAFT

FINAL MAGNETIC TEST

PROJECT STATUS

This is the final report of the determination of the mag-
netic properties of the IMP-I protoflight spacecraft, After
completion of this test the spacecraft, now designated as

Explorer 43, was shipped to the Eastern Test Range and
successfully lavrvched on March 13, 1971,
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IMP-I SPACECRAFT
FINAL MAGNETIC TEST

SUMMARY

The increased IMP-J spacecraft spin axis moment (540
nilliampere-mcter?) resulting from excessive field exposures
during environmental testing substantiated the need for a
final pre-launch magnetic deperm and measurement. By
performing a dc rotation deperm it was possible to reduce
this moment below the previous initial test post deperm
magnitude. In addition, the magnetic field disturbance at the
flight magnetometer diminished to below 0.1 nanotesla
(gamma) in all directions.
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IMP-1 SPACECRATFT (EXPLORER XILII)
FINAL MAGNETIC TEST

INTRODUCTION

In May 1970, an initial magnetice test was performed on the IMP-1 spacecraft
(Explorer XTI in the Spaceeraft M: metic Test Faeility (SMTYT). The test re-
sults* confirmed that the net spacecraft magnetic field disturbance at the flight
magnetometer was within the design goal of 0,125 nanotesla (gamma)., The final
magnetic field measurement and deperm was performed in February 1971, prior
to shipment to ETR launch site.

PURPOSE OF TEST
Tost Objectives woere:

e To determine the magnetic ficld disturbance of the integrated spacceraft
at the flight magaetometer hoom position,

e To remove the offccts of any extrancous field exposures incurred during
environmental testing.

e To ostablish that the post deperm wemnant magnetization of the spacecraft
does not exceed the initial test-final measurement levels.
TEST DESCRIPTION
The IMP-I spacecraft final magnetic test was performed in accordance with
the attached procedure (DIRS #02326). A description of the facility, instrumen-

tation, and test arrangement was included in the aforementioned initial test
document (X-325-70-472).

INITIAL PERM

The first sequence of measurements which were performed on the IMP-I
represented the "as received' or initial perm condition. Besides establishing 1

AIMP-] Spacecraft Initial Magnetic Test, X-325-70-472, October 1970,
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the remnant magnetization, dipole moment and ficld magnitude at the onboard
magnetometer, these measurements were to be used in determining if a space-
craft deperm would he required. The necessity for a deperm became evident
when it was found that the ficld magnitude of the spacceraft had increased by a
factor of cight over the previous post deperm field magnitude. In view of the
fact that the spacecraft's field had increased to within 61% of the post 15 x 104
tesln (gauss) exposure level, it appeared that the spacecraft had been exposed
to a sizeable field during vibration testing, *

DEPERM

Onee it had been determined that the IMP-T would royulre o spln axis deperm,
it was nocessary to refixture the spacocrafl on ity steel handling dolly in order
to tip the spacceraft on its side. After the spaceeraft had heen positioned in the
contor of the coil systom, the facility horizontal axls deperm cofls were rolled
into place and cqually spaced; in order to provide ample clearance when the space-
craft and dolly were rotated, The spacceraft was then depermed in the usual
manner and retransferred to the facility dolly for remeasurement. A {inal, hori~
zontal axis deperm was performed in order to remove any remnant magnetization
irregularitics which had been introduced by the steel dolly's residual field, Com-
parison of the boom mid-way distance fall-off data indicated that the Z-component
magnitude had been reduced from 4.6 nanotesla (gamma) to < 0.1 nanotcsla
(gamma) by the deperm trcatment., As a result, the spacecraft ficld disturbance
was considerably below the design goal level of 0,125 nanotesla (gamma).

STRAY FIELD

A spacecrait turn-on and subsequent me. _arement of the fields created dur -
ing the operation of the spacecraft were performed and, once again, the effect of
these fields were found to be minimal. During the course of the measurements,
a more pronounced effect was produced as a result of spacecraft turn-on and off
(post stray perm), At first this was attributed to interaction between the perm
and stray fields of the spacecraft. However, it was finally determined that the
flisat turn-on plug was the culprit. Since these changes were relatively small,
the effect would be undiscernable at the magnetometer.

Test Facilities).
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RESULTS AND DISCUSSION

As ovidenced by the initial magmetic results, the IMDP-I is a relatively non-
magnetic spacecraft, having a net @ost deperm) magnetiec moment of 56
milliampere-meter sqearved (pole-contimeters).

At the conclusion of the #inal test deperm treatments, the spacecrafl dipole
moment was found to be less than 50 mA-m? @ole~cm), Further evidence of the
guccoess of the deperms ean be geen hy comparing the pre and post doperm mo-
mont results listed in Table 1. From the magnetometor standpoint, a moment
of thia magnitude would generate an cquivalent magnetie field disturbance of less
than 0.1 nanotesla (amma) at the Might sensor Joeatlon. In view of the fact that
it 1s difficult to mensure the 0.1 nanotesla (gamma) fleld, 1t 18 of advantago to
utilize the intermediate distance measurement datn, For exnunple, the values
listed in Table I reprosent the component magnitudos wnich wer ¢ measuroed at
both the actual and the mid-way distance. Assuming a 1,27 fall-off, onc would
expeet the mid-way values to be 8 times as large. By using this approach, it is
possible to establish a maximum level Hmit, A more dircct approach is to ac-
tually measuve the ficld change with distance (fall-off) by monitoring the ficld as
the spaceeraft is moved away. The advantage of this technique can be seen In
Tgure 1 log plots, Here it is possible to sce the rate at which the field de~
creasces and, determine more accurately, the ficld disiurbance at any particular
loeation. This of course, is what is of most interest to the magnetice ficlds ex~
perimenter. Based upon the Figure 1 plots, it is safe to state that the maximum
spacecraft ficld disturbance scen at the magnetometer (radial component field-
Hx) would be 0,04 nanotesla (gamma), This, of course, 1s well below the mag-
netometer noise levels, and therefore satisfies the design goal requirements.

Table I
IMP-1 Spacecraft Magnetic Moment

Magnetic Moment Values in Milliampere Meter Squared (Pole-cm)

Magnetization Myy M, M, |
Initial Perm 47 £10 543
Post Spin 40 44 59
Axis Deperm
Post Horizontal 20 29 41
Axis Deperm
3




Post Stray

Post Stray

Magncetization
Turn-on Piug In

Turn-on Plug Out

Magnetic Ticld Disturbance Levels

Table 1 (Continued)

M,,

65

36

Table IO

IMP-I Spacceraft Magnetie Field

71

46

Teld Magnitude in Nanotesla (Gamma) At:
Magnctizaﬁon C.omponcnt SR o e et e+ e e e 2 i -
213cm (84'") 427 cm (168'")*
Initial Perm X 1.5 0,2
Y <0,1 <0.1
Z 4,5 0.6
Post Deperm X <0.2 <0,1
& Stray Ticld Y <0.1 <0,1
Z 0.4 <0.1
Post Stray X 0.5 <0.1
Deperm Y <0.1 <0.1
7 0.1 <0.1
”;F ﬁtKerghetbﬁiéférAdeution
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APPENDIX A

DETERMINATION OF MAGNETIC FILLD DISTURBANCE
AND NET DIPOLE MOMENT OF THE IMP-I SPACECRATFT

1,0 PURPOSE OV 'I'EST

1. To demonstrate that the spacceraft ficld disturbance at th.: pusition of the
in-hoard magnctometor 18 within light aceeptance threshold levoels, *

2. To determine the net spacecraft dipole moment.

3. To calihrate the in~hoard magnetometer.

2.0 TEST DESCRIPLION

a. Initial Perm "as recelved'. 'The "as reccived" magnetic state of the
spacceraft indicates:

(1) A possible level of perm which the newly assembled spacecraft
might be expected to maintain.

(2) A relative magnitude of field which can be used to determine the
effectiveness of the deperm treatment.

(3) Stability of spacecraft perm ficld by initiating a record of its mag-
netic history.

2. Post Deperm.

The magnetic state of the spacecraftis determined afterbeing demag-
netized ina diminishing field which had aninitial magnitude of <30 gauss.

*These threshold levels aie defined as either a field of 1/8 gamma or less for all 3 sensors (X, Y & Z)orasa
moment of 84 pole-em or less along the Y and Z axis and 42 polecm along the +X axis.




3. D,.C. Stray Field Magnetization

a. External Power — the magnetic state resulting fromn current circulating
within the spacecraft due to the operation of on-board equipment and ex-
periments will be determined,

b. Spaceccraft Battery Power Usage — the magnetic state of the spacceraft
is determined using spacecraft battery power which will produce cir-
culating currcents within the spacecraft as a result of the operation of
on-board spacceraft experiments and cquipn:ents,

4, Magnctometer Calibration

The spacecraft magnetometer calibration shall be performed in order
to determine the following characteristics of cach magnetometer sensor
X, Y and 7),

a. Zcro Offset
b. Sensor Alignment

¢. Calibration Linearity

d. In~Flight Calibration

e. Spacecraft Spin Simulation
f. Flipper Operation
g. Noise Level
During the calibration the spacecraft shall be offset from the center

of the coil and in an orbital configuration with the exception of the EFM
and loop antennas.

2,1 TEST FACILITY

The mcasurements are to be conducted at the GSFC Spacecraft Magnetic Test
Facility, Building 305, as shown in Figure No. 1. This facility includes a 42 foot ‘
coil system with provisions for nulling the ambient geomagnetic ficld to zero with ‘
a uniformity of 0,001% over a spherical volume 7 feet in diameter. This facility
is cquipped with the following:

1 - Coil system, 42 foot in 305 building.
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2 - Perm/deperm cojl, 9.4 foot dinmeter,

4 - Tuxgate magnetometees, Torster-Hoover M1 5050,

1 - Single axis detector, Schoenstodt, Model SPM 43DB-2,

4 - Tripole deteclors (X, Y, % probes), Forster-lloover MF-T-165.
1 -~ Proton Magnctomeler Varian VA4931DR,

1 - IHgh Speed Data Acquisition Systen (MADAS).

2 - Strip Chart Recorders, Brush 8 Channel Model 200,

1 ca -~ Dolly, turntable, and spaccerafl mounting lixtures.

1 - Perm/deperm coil (with d.c. power supply).

2.2 MODIFICATION OT PROCEDURES AND EQUIPMENT )

The magnetic test facility detailed test procedure, test sequence, oxr appro-
priate cquipment may be modified at the discretion of the magnetic test facility
cognizant engineer as practise dictates. All changes related to the spacecraft
must receive the conenrrence of the IMP project engineer prior to incorporation.

2.3 SPACECRATFT TEST CONDITION

The spacecraft subsystoms will be in operational configuration which dupli-
cates the actual orbit configuration. This will include solar panels connected,
batterics connceted, telemetry, and the cxperiments operated by command.

Electric power will be supplied to the spacecraft by an external source through
twisted leads carefully dressed to minimize stray field.

2.4 SPACECRAFT PRE/POST OPERATIONAIL TEST

The spacceraft will be given a modificd Functional Test prior to magnetic
testing, and immediztely after conclusion of the magnetic measurements.




3.0 TEST PROCEDURE

1. Test Facllity Set-Up

a. Set up four tripole detectors on a north horizontal line passing through
the approximatc center of the magnetic maas of the spaccecraft. All
detectors should be on the same side of the spacecraft spaced at dis-
tances of 4, 6, 8, and 13,5 feet from the eccutor of the coil system.
These distances should he measured from the :niddle probe on the de-
tectors and should be positioned so that the long side is vertical and
the X, Y and Z prohes arc oricntcd to the H, D and 7 coil axis
respectively.

b. Conneet the magnetometers and recorders such that simultancous re-
cordings may be made of the signals from the four detectors,

¢, Insurc that the spaceeraft is removed from the coil system.,
d. Set up Schoenstedt detector in the center of the coil system.
e. Energize all test equipment and adjust the current in the coil system

coils until the Schoenstedt magnetometer indicates a zero field (0 *

0.5 garama). (This can be done by flipping the detector 180° back and
forth.)

f, Adjust gradicnt cancelling coils to minimize gradient over central
volume.

g. Remove the center detector and zero the magnetometers for the four
test detectors by setting in the necessary compensation. Calibrate the
magnetometers and analog and digital recorders.

2, Space vaft Set-Up

a. Deposit the spacecraft on the SMTF loading platform.,

b. Roll the spacecraft dolly into the SMTF truck lock and equally position
the dolly wheels east/west over the center of the rails.

¢. With the truck lock traveling hoist at the north end of the truck lock,
lower the hoist and attach the spacecraft lifting sling. Raise the sling
to the maximum overhead height.




d.

c.

i.

Move the truck lock hoisl Lo a positlon directly above the spacecraft
dolly.

Lower the Uiting sling. Caution — the hoist remote control push button
station has two operating speeds: slow (6 feet por minute) and fast (19
feot per minute), Initial depression engages the slow speed drive. Full
dopression produces fast (ravel.

Sceurc the Hfting sling to the spaceeratt. Apply tension to the space-
craft to release it from the dolly. Remove the marmon clamp and
raisc the spaceeraft until it elears the spaceeraft dolly.

Translate the spaceeraft to the north end of the truck lock. Roll the
SMTT dolly beneath the spaceeraft,

Lower the spaceeraft onto the turntable and with the spacecraft -X axis
aligned with 0° on the dolly turntable, bolt the spacecraft mounting ring
to the turntable,

Release the spacecrafl sling and move the overhead hoigt to the south
end of the truck lock.

Comnect SMTT grounding strap to the spacecraft mounting ring.

Connect 28.5 volt power to the spacecraft using the inflight disconnect
as a means of power insertion, Verify telemetry and command unit.

Remove spacecraft power unit cable. The spacecraft is now ready to
start magnetic testing.

NOTE: Magnetic checks have been performed on the protective solar
panel covers indicating that they are non-magnetic (< 0,1 gammas at
2y and can be left in place during magnetic testing,

Permanent Magnetizaﬁon

a.

Initial

(1) Turn on data acquisition equipment and allow them to run for 30
minutes warm-up to obtain reliable data, Establish zero field and
rezero the magnetometers by setting in the necessary compensa-
tion. Calibrate the magnetometers, Then move the spacecraft




into the cofl system and align the spacceraft at the zero degree
reference position.

(2) Record the ficld observed 2t cach detector with the spaceeraft in
this position.

(3) Spacceraft rotation data: Rotate thoe spacceraft 360° in azimuth
indexing the recorders at cach 10° increment of rotation whilc
recording ficld changes at all deicctors,

() Spacccraft fall-off data: With the data system operating move the
spacceraft and dolly from the center of the coil system Indexing
the recorder at each 1 foot interval.

(6) Rechecck magnetometer zeros,

b. Depcrm ~— if the fleld as detected by the 7 axis scnsor at the on-board
magnetometer position exceeds 0,125 gammas (84 polc-cm) the space-
craft shall be given a Z axis deperm treatment. Appendix A describes
this procedure.

(1) Move the spacecraft into the deperm coil systcm,

(2) Deperm the spacecraft in a diminishing field with initial magnituade
of <30 gauss.

(3) Rotate the spacecraft 360° in azimuth indexing the recorders at
each 10° increment of rotation while the rc “ording field changes
at all detectors.

(4) Remove spacecraft from coil system while obtaining fall-off data.

(6) Shut down the recorders.

4. Stray Field

a. External Power Mcasurement

(1) Move the spacceraft into the center of the 42 foot coil facility and
ensure that the spacecraft is at the zero degrec reference position.

(2) Lower the clean room tent to the floor and turn on the blower. Re-
move spacecraft cover.

A-G




(3) Apply power to the spaceerafl through the inflight disconnect
cord,

@ All operational functions of the spacecralt will be performed in
order to determine the effect of circulating currvents on the space-
craft's magnetic ficld.

5. Magnetic Measurements Using Batterics as Source of Power

The spacccerait badteries shall be conneeted in such o manner as to
provide the basic power to the spacecraft, Thesce batieries shall be
charged in such @ manner as to have full eapacity available for perform-
ance of these tests,  The external power source provided by the ambilical
plug shall be removed during the course of this test.

Major functions of the spacccraft shall be performed to determine
difference, if any, from results obtained in 5a above.

6, Magnetometer Calibration
a. Reinstall solar cell covers and spacecralt cover.,
b. Raise clean room tent.
¢. Position the spacecraft so that the sensor package is in the center of
the coil system with hoom fully deployed. Align the spacceraft with

the coil system axis (spaceeraft X axis directly north-south).

d. With the spacecraft on and transmitter off, adjust the coil system for
zero magnetic field (+0.5 gamma). Check and minimize all gradients.

e. Remove the exicrnal magnetometer, turn on the spacecraft transmitter,
and prepare for tclemetry output from the in-~board spacecraft
magnetometer,

f. Apply d.c, ficlds from 0 to +1,000 gammas along each axis as required
to establish scncor alignment, lincarity, and zero. Telemetry data will
be obtained durirg the calibration sequence as the fields are applied
along each axis (X, Y, and Z) {or cach of the four magnetometer ranges.
Magnetometer flipper operation and inflight calibrations shall be an in- ‘
tegral part of the calibration sequence.

g. Spacecerafl spin simulation shall be provided by applying a 5 RPM ro-
tating ficld in the -1 plane,




Figure A-1. SMTF Coil System
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The followin;: modified test procedure shall be incorporated into the initial
teat post deperm scauence if it becomes neeessary to peeforn 4 vpln axis

deperm.,

APPENDIX B

CPIN AXIS DEEERM TEST PROCEDURE

1. Spaccerall Set-Up

2,

H

The spacceraflt must he removed from the SMTI nonmagnetic dolly
and replaced on the spaceeraft dolly, The procedure shall be in re-
versed orcer for the sequence in 3. 2, but with the spaceeraft dolly in
reversed positions.

Deperm

a. Move (magnctic) spaceeraft dolly into center of coil system.

h. Position the dolly on the turntable.

¢. Lowor the 4 dolly jacks and support the spacecraft on the two 2" x 6"
wooden turntable braces. Remove dolly running.

d. Tip the spacecraft 90° (spin axis horizontal) and preparc for a rotation
deperm (probably should tip over before entering coils).

e. Generate a 30 gauss d.c. field with the deperm coil. Run the space-
craft rotation speed to a maximum of 9,5 RPM. Remove the d.c. field
while continuously rotating the spacecraft.

f. Return the spacecraft to the SMTF dolly for the post deperm

measurements.

B-1 NASA-GSFC
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